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Abstract: The results of experimental studies of reinforced 

sandy slope stability under the action of vertical surcharge are 
presented in the article. There have been made a few series of 
experiments in which the depth of the reinforcing element, as well as 
the parameters of reloading – cyclical (5, 10 and 20 load cycles) and 
static one – were varied. The case of the presence of the weak soil 
interlayer situated at different depths within the slope is discussed. 

The dependences of the influencing parameters on the 
displacements and limit pressures under the pilot stamp foundation-
bed have been obtained. It is shown that fabric-reinforced slope can 
bear vertical load almost two times greater than a non-reinforced 
one, with smaller deformations. Absolute values of the breaking load 
after cycling are greater than those at static loads. It is found that  
the use of reinforcement eliminates the possibility of the landslide 
collapse of the slope and the location of the weak soil interlayer  
at a depth greater than the diameter of the model has almost no effect 
on the slope bearing capacity and makes the reinforcement in this 
area ineffective. 
 

 
 
Slopes are the most common engineering structures. Their operating 

conditions tend to be unfavorable and unpredictable. Possible geological 
processes and phenomena on territories with slopes, causes and patterns  
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of positive stability are described in detail in [1]. One of the most effective ways 
to increase the stability of slopes is the reinforcement of soils with different 
materials [2]. Several methods of calculating unreinforced [3, 4] and reinforced 
[5, 6] slopes are known. For the first type, sufficiently large experimental data 
have been verified, while for the second one the experimental data are scarce. 
This is due to the complexity of technical execution of experiments and the 
influence of a number of factors (characteristics: slope, soil reinforcement and 
loadings). Rheological processes occurring in the soil, reinforcing elements and 
their contact with the ground are important. The presence of the slope near the 
foundation has a significant impact on its bearing capacity and displacement. 
Theoretical and experimental research in this direction is not sufficient. 

In this regard, we have tasked to conduct experimental studies of the 
interaction of shallow foundation with reinforced soil slope. The purpose of the 
research is to determine the optimum design solution, calculate design life, 
admissible displacements and impacts. 

The experiments were performed in the Laboratory of Soil Mechanics  
of TSTU (Tambov State Technical University, Tambov). Reinforced 
foundations have been studied for over 15 years. Some details about the method 
of testing and the results were described in [7, 8]. 

The slope was formed from small homogeneous layers of compacted  
to 1.51 g/cm3, little wet ω = 0.08 sand (see Fig. 1). As a reinforcement element 
we used reinforcement mesh from metal-crystal rods with a diameter ds = 3 mm, 
the bar spacing was 25 mm, the plan dimension was 350×125 mm. 

The influencing parameters included: the slope height; the slope angle  
to the horizon (600); diameter of rigid steel punch Dst = 150 mm; the distance to 
the reinforcing element hs; the relative distance h = hs /Dst; the diameter of mesh 
rods ds; the bar spacing as; mesh size; the current and breaking value of the load 
F, Fu; the corresponding pressure p and pu; load level F  = F/Fu or p  = р/рu; 
the punch subsidence s, the horizontal displacement u, tilt i; the limit values  
of displacements (before fracture) su, uu, iu; the number of loading cycles nc; the 

cycle stress ratio сρ = Fmin/Fmax  
or pmin/pmax. 

Other important parameters 
included the distance from the 
brink of the slope to the axis of the 
foundation stL , the relative value 
of stL = stst DL / . At a certain value 
of stst LL ˆ≥  the slope influence on 
the bearing capacity of the 
foundation and the punch 
displacement is insignificant and 
can be ignored; if under 

stst LL ˆ< there is additional punch 
displacement, their direction  
is changed and load-carrying 
capacity is reduced. 

Fig. 1. Layout of the reinforcement element (1) 
and the foundation model (2) 

(E = 5 mPa; ϕ = 280; с = 3 kPa;  
ρ = 1.52 г/см) 
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Table 1 
 

The influence of the distance to the reinforcing element on slope stability 
 

h  P, kPa s, cm u, cm i 

0.2 55.03 1.41 0.18 0.014 

0.4 70.05 1.63 0.25 0.015 

0.6 36.7 1.88 0.62 0.003 
 
Several series of experiments with three replications were conducted. 

Loading stages were 0.1Fu. Conditional stabilization of deformation was  
0.1 mm for 30 min of observation. The efficacy of reinforcement was assessed 
by pu value and speed of displacements ius ,, . The values of subsidence, 
horizontal displacements and tilt were calculated in the last stage of loading, 
before the destruction. 

In the first series of experiments (Table 1) we changed the depth of the 
reinforcing element ( sh = 0.2, 0.4, 0.6). Step-by-step loading was applied to 
cause fracture (Table 1). In the experiments without reinforcement pu = 33.6 kPa. 

Reinforcement enabled to increase the carrying capacity of the foundation 
by 30 – 100 % and reduce the deformability by 20 – 40 %. The fracture under 
mesh embedment h = 0.6 occurred in the form of ground punching, which led 
to the formation of cracks at both horizontal and downhill surfaces of the slope, 
while under h = 0.2 and 0.4 the fracture was in the form of a landslide collapse 
of soil. 

 
Table 2 

 

The influence of the level of cyclic loading on slope stability 
 

h = hs/D F  P, kPa s, cm 

0.2 

0.6 66.03 1.24 
0.7 73.38 1.35 
0.8 68.45 1.42 
0.9 61.14 1.15 

0.4 

0.6 70.91 1.1 
0.7 

73.38 
1.31 

0.8 1.49 
0.9 70.91 1.12 

0.6 

0.6 40.36 2.21 
0.7 

45.24 
2.34 

0.8 2.05 
0.9 47.23 2.12 
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In the second series we applied cyclic load сρ = 0.6, 0.7, 0.8, 0.9. The tests 
were carried as follows: the load was increased to the desired level, 5 cycles 
were performed, and after 10 min another 10 cycles were performed, and  
10 min later another 20 cycles were performed. Hereinafter, static load was 
applied to cause foundation fracture and punch turnover. 

The results of the second series (Tables 2, 3 and 4) confirmed that the 
reinforcement of the lower zone of the slope at the depth 0.6 Dst is inefficient. 
The absolute values of the breaking load after cycling were higher than those 
after the static cycling; apparently, this is due to the fact that the cyclic impacts 
cause rearrangement of particles in a tighter pack. The highest values were 
obtained under cyclic load, which equaled to 0.7 – 0.8 of breaking load. Under 
F = 0.9 the fracture occurred at the stage of application of cyclic loads. 

 
Table 3 

 

The influence of the distance from the bottom  
of the stamp to reinforcement and to the weak layer  

on strength and stability of the slope 
 

Distance to 
the weak layer 

h, cm  

Distance to the 
reinforcement 

hs, cm 

Pressure 
limits Pu, kPa

Subsidence
su, cm 

Tilt iu 
Horizontal 

displacement 
uu, cm 

Without 
interlayer – 33.6 2.1 0.03 0.39 

4 – 26.4 2.80 0.050 0.50 

6 
– 28.8 2.40 0.043 0.45 
2 36.0 1.88 0,020 0.40 
4 39.6 1.60 0.025 0.35 

8 

– 28.4 2.2 0.038 0.48 
2 34.8 2.00 0.032 0.45 
4 43.2 1.75 

0.020 
0.40 

6 38.4 2.30 0.56 

10 

– 33.6 2.20 0,030 0.35 
2 42.0 1.45 0.020 0.28 
4 45.6 1.50 0.015 0.15 
6 38.4 1.95 0.035 0.26 
8 34.8 2.30 0.045 0.30 

12 

– 33.6 2.20 0.024 0.25 
2 38.4 2.05 0.020 

0.15 
4 46.0 1.66 0.015 
6 42.0 1.51 0.012 0.20 
8 39.6 2.10 0.038 0.35 

10 34.8 2.40 0.043 0.50 
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Table 4 
 

Pressure and deformation limits under cyclic loading 
 

Distance  
to the weak 
layer h , cm  

Distance to the 
reinforcement 

hs, cm 
F  

Pressure 
limits 

Pu, kPa 

subsidence increment 
∆s,cm Subsidence 

su, cm 1 stage –
10 cycles 

2 stage –
20 cycles 

1 2 3 4 5 6 7 

4 

2 

0.6 45.1 0.33 0.15 0.94 
0.7 46.1 0.48 0.17 1.25 
0.8 47.0 0.36 0.30 1.08 
0.9 48.6 0.39 0.23 1.12 

6 

0.6 44.2 0.31 0.17 0.87 
0.7 40.5 0.30 0.35 0.97 
0.8 39.8 0.36 0.29 1.12 
0.9 40 0.4 0.26 1.18 

4 

0.6 43.0 0.23 0.20 0.69 
0.7 

38.0 
0.20 0.16 0.75 

0.8 0.22 0.21 0.84 
0.9 37.0 0.29 0.25 0.86 

8 

2 

0.6 
35.0 

0.21 0.18 0.89 
0.7 0.29 0.24 0.92 
0.8 34.8 0.31 0.30 1.20 
0.9 34.0 0.36 0.22 0.99 

4 

0.6 42.5 0.29 0.25 0.79 
0.7 45.0 0.31 0.18 0.85 
0.8 42.2 0.35 0.25 0.89 
0.9 43.2 0.40 0.34 1.02 

6 

0.6 32 0.29 0.27 0.95 
0.7 34 0.44 0.25 0.99 
0.8 

35 
0.40 0.29 1.14 

0.9 0.48 0.33 1.8* 

10 2 

0.6 40.20 0.28 0.28 0.810 
0.7 40.26 0.34 0.32 0.830 
0.8 40.80 0.33 0.28 1.65* 
0.9 41.20 0.35 0.24 1.81* 

10 

4 

0.6 43.45 0.32 
0.27 

0.84 
0.7 42.73 

0.34 
0.95 

0.8 42.70 0.30 0.99 
0.9 44.50 0.44 0.26 1.20 

6 

0.6 37.50 0.30 0.29 0.98 
0.7 37.80 0.33 0.32 1.10 
0.8 38.00 0.35 0.28 1.25 
0.9 38.04 0.38 0.30 1.35 
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Continuation Table 4 
 

1 2 3 4 5 6 7 

10 8 

0.6 28.16 0.34 0.28 0.85 
0.7 28.20 0.31 0.35 0.98 
0.8 29.20 0.38 0.62 0.8* 
0.9 31.10 0.37 – 0.4* 

 

N o t e : The destruction occurred during cyclic loading. 
 
The zone of influence of a weak layer on the strength and deformability  

of foundation is limited to the depth hs = Dst. The location of the layer in the 
zone below the diameter of the model has virtually no effect on the bearing 
capacity of the foundation. The application of reinforcement excluded the 
possibility of landslide slope collapse. The destruction occurred only in the 
form of punching of soil bulk with the formation of cracks on both the 
horizontal and sloping surfaces. With each cycle, the subsidence increased at 
the rate dependent on the rate of loading. 
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Ключевые слова: армирование; деформации; нагрузка цикличе-
ская; откос; разрушающая нагрузка.  

 
Аннотация: Приведены результаты экспериментальных иссле-

дований устойчивости армированного песчаного откоса при действии 
вертикальной пригрузки. Проведено несколько серий опытов, в кото-
рых изменялась глубина заложения армирующего элемента и пара-
метры повторного нагружения – циклический (5, 10 и 20 циклов на-
гружения) и статический. Рассмотрен случай наличия прослойки сла-
бого грунта, расположенной на различной глубине в пределах откоса.  

Представлены зависимости влияющих параметров на перемеще-
ния и предельные давления под подошвой экспериментального штам-
па. Показано, что откос армированный сеткой может нести вертикаль-
ную нагрузку почти в 2 раза больше, чем неармированный, при мень-
ших деформациях. Абсолютные значения разрушающей нагрузки  
после циклирования больше, чем при статических нагрузках. Выявле-
но, что применение армирования исключает возможность оползневого 
обрушения откоса, а расположение прослойки слабого грунта на глу-
бине, превышающей диаметр модели, не влияет на несущую способ-
ность откоса и делает армирование в данной зоне неэффективным.  

 
 

© В. М. Антонов, М. В. Антонов,  
О. В. Евдокимцев, В. В. Леденев, 2016 
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