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Abstract— Soil nailing is embarassed by practicing engineers 

as a highly competitive well proven technique. Soil nailing has 

certain similarities to both reinforced earth and anchoring; Soil 

nail is one of such stabilization methods. In this paper, soil-

nailing system was studied in terms of inclination, spacing and 

length to determine the most appropriate values for effective 

stabilization of soil slope. To find the optimum soil nail system, 

different soil nail inclination, length and spacing were applied to 

a sand soil slope the Factor of Safety (FOS) was evaluated in 

each case. The total nails force required to maintain the balance 

of row of soil nails depends on the forces that are due to the soil, 

water and external load have been estimated. Results indicate 

that the soil nails inclination; spacing and length significantly 

improves the stability of the soil slope. The stability of the slope 

decreases with the increase of spacing between soil nails. Soil 

nail length has significant effect on the stability of soil slope with 

deep-seated slip surface and less effect with shallow slip surface. 

The bond length behind the slip surface should be enough to 

allow the nail to use its allowable load. Finite element analysis 

using PLAXIS helped to better explain the failure patterns of the 

footing-reinforced soil system adjacent to a slope. Also analyses 

confirmed the load transfer mechanism and illustrated how soil 

nails can protect the slope from collapsing by decreasing the 
slope deformation. 

Keywords— soil nails, stabilization, Factor of Safety, 
PLAXIS 2D, sand slopes 

I. INTRODUCTION  

Ground anchors and soil nails are both geotechnical 
elements that are used to support structures, such as a 
warehouses, bridges, and roadways, as well as stabilize 
slopes and weak soils. Soil nails are a more modern version 
of ground anchors. They are installed in increments during 
excavation and construction. Holes are dug and then long 
steel nails are inserted and cemented into place to hold soils 
in place or support structures. Compared to ground anchors, 
soil nails are more popular for steep slope excavations and 
stabilization. They are considered to be a “deep foundation” 
solution, especially compared to ground anchors. 

Soil nailing strengthen and improve the stability of slopes 
by installing a closely-spaced steel bars into a slope and the 
construction process, proceeds from top to down (Tan, 2004). 
A numerical study conducted on the effect of nail inclination 
on soil nailed wall stability, found that the variation of FOS 
is small when nail inclination varies between 10-20˚ and 
increasing the nail inclination decreases the factor of safety. 
Nails' length has a significant effect on the location of the 
slip surface and the factor of safety (Hajialilue, 2016). Soil 

nails are structural reinforcing elements installed to stabilize 
steep slopes and vertical faces created during excavations. 
Commonly used soil nails are made of steel bars covered 
with cement grout. The grout is applied to protect the steel 
bars from corrosion and to transfer the load efficiently to 
nearest stable ground. Some form of support, usually wire 
mesh-reinforced shotcrete, is provided at the construction 
face to support the face between the nails and to serve as a 
bearing surface for the nail plates (Palmeira et al., 2008).  

 A landslide (landslip) is a geological phenomenon that 
comprises a wide range of ground movements, such as rock 
falls, deep failure of slopes etc. Landslides can occur in 
offshore, coastal and onshore environment. It can be 
controlled by the use of proper slope stabilization techniques. 
Soil stabilization is a term in which the natural soil is 
changed in order to meet the engineering purposes by means 
of physical, chemical, biological and combined method of 
either two of them or all three. Weight bearing capacity and 
the performance of the in-situ soil and sand can be increased 
by soil stabilization techniques (Sharma 2015).  

 Soil nailing is an in-situ reinforcement technique by 
passive bars which can with sand tensile forces, shearing 
forces and bending moments. This technique is used for 
retaining walls and for slope stabilization. Its behavior is 
typical of that of composite materials and involves 
essentially two interaction mechanisms. The soil- 
reinforcement friction and the normal earth pressure on the 
reinforcement. The mobilization of the lateral friction 
requires frictional properties for the soil, while the 
mobilization of the normal earth pressure requires a relative 
rigidity of the inclusions (Budania2016). 

 

II. MATERIALS TESTED 

A. Sand 

The sand used was medium coarse with a minimum dry 
unit weight of 16.7 kN/m³, maximum dry unit weight of 
18.74 kN/m³, uniformity coefficient of 4.55, and effective 
diameter of 0.14 mm. The specific gravity of sand particles 
was 2.64. Different relative densities of the sand were used 
by forming designed weight of sand into a certain volume of 
soil bin by compaction. The properties of the sand are given 
in Table 1. Several laboratory tests had been done to produce 
empirical equation. All laboratory tests are in accordance to 
ASTM. 
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TABLE I.  CHARACTERISTICS OF THE SAND  

Parameter Value 

Coefficient of uniformity (Cu) 4.55 

Effective diameter (D10,mm) 0.14 

Maximum dry unit weight (kN/m3) 18.74 

Minimum dry unit weight (kN/m3 ) 16.7 

Specific gravity (Gs) 2.64 

Residual effective angle of internal friction 

(') 

38° 

B. Direct Shear Test 

Direct shear box tests were performed on soil in general 

accordance with ASTM D 3080-90, (ASTM 1998) for three 
different densities. The square shear box was 60mm in width 

and 38mm in depth (Aspect ratio, H/L=0.63). The samples 

were sheared at a constant rate of 0.25mm/min. three tests 

were performed with three increasing normal stresses (0.5, 

1.0, 1.5kg/cm2). 

To check the homogeneity of sand formation, a square box 
with dimensions 6 × 6 cm2, and height was 3.8 cm were 

placed at different levels to determine the unit weight of 

sand, hence, determining the shearing resistance angle using 

direct shear box apparatus on the prepared sand. From Figure 

1 it is observed that the friction angle of sand () is 38°. 

 

Fig. 1. Direct shear test results  

C. Numerical simulation (USING PLAXIS) 

Series of two-dimensional finite element analyses (FEA) 
on un-nailed and nailed slope system was performed in order 
to verify the laboratory model tests results and understand 
the deformations trends within the soil mass. The analysis 
was performed using the finite element program PLAXIS 2D 
(professional version 8.2). PLAXIS is capable of handling a 
wide range of geotechnical problems such as deep 
excavation, tunnels and earth structures such as retaining 
walls and slopes. The analysis does, however, require the 
generation of initial effective stresses by means of K0-
procedure. The geometry of un-nailed and nailed slope 
system is the same as that of laboratory model test. It was 
decided to use the Mohr–Coulomb criteria material model 
The parameters used for numerical analysis are in Table 2. 

TABLE II.  PROPERTIES OF VERIFICATION MODEL  

 

Parameter Value 

Angle of slope  (β) 30˚ 

Length of nail  (L) 10m 

dry unit weight (kN/m3) 18.74 

Angle of nail inclination (θ ) 50˚ 

Failure criterion  Mohr–Coulomb 

Residual effective angle of internal friction (') 38° 

 

III. ANALYSIS OF TEST RESULTS 

A. The Effect of Soil Nails Length on Slope Stability 

Figure 2 shows the FOS for the slope which is influenced 
by the soil nails' length. The nails'length has a significant 
effect on slope stability for slopes with deep-seated slip 
surface while it has less effect on slopes with shallow slip 
surface. It is clear that short soil nails need higher soil nails 
inclination in order to use their allowable load while long 
soil nails tend to attain their maximum allowable load within 
10 – 20o of nails inclination because long nails attain the 
required bond length in a gentle angle of nail inclination 
comparing to the short nails. Short nails obtained the highest 
FOS with50o nail inclination for 30o soil slope. Long soil 
nails recorded the highest FOS with 25o and 30o nail 
inclination for 30o soil slope. Moderate soil nails recorded 
the highest FOS with 25o and 30o nail inclination for 30o soil 
slope. 

 

 

 

Fig. 2. Variation of FOS with Angle of soil nailing 
Inclination. 

B. Inclination Effect of Soil Nails on Slope Stability 

Figure 3 shows the relationship between the angle of soil 
nails inclination (θ), measured from the horizon, and the 
factor of safety improvement. The FOS tends to decrease 
after an optimum inclination of soil nails is attained. For the 
angle of earth slope (30˚), with length of soil nail (L=8m) the 
maximum FOS obtained was 1.5 with 50o nail inclination. 
The maximum FOS obtained for L=10m was 1.95 with 45o 
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soil nail inclination, whereas it was 2.2 for L=12m length of 
soil nail with 30o nail inclination. Soil nailed walls are 
slightly affected by soil nails having inclination between 0o – 
30o. This result clearly indicates that the ideal soil nail 
inclination should be 50o, 30o, 20o, and 10o to the horizontal, 
for length of soil nail of 8m, 10m, and 12m respectively. 
These findings are consistent with the findings reported by 
Fan and Luo (2008). The ideal inclination is attained when 
the available bond length behind the slip surface is long 
enough for the bar to use its allowable load. 

 

 

Fig. 3. Variation of FOS with Length of  soil nailing. 

C. The Effect of Soil Nails Spacing on Slope Stability  

Figure 4 shows the FOS for the slope which is influenced 
by the soil nail spacing. As the bar's capacity is divided on 
bar spacing, it was noticed that the FOS decreases 
proportionately with increase in the soil nail spacing. This is 
due to increased stability resistance obtained when more 
nails were installed. Installing more nails, translates to 
decrease in nail spacing. The installation of closely-spaced 
soil nails in a soil nailed wall results in a higher FOS than the 
FOS when installing the same number of widely spaced soil 
nails because the closely-spaced soil nails obtain the required 
bond length almost with the same angle nail inclination so 
that they use their maximum allowable load. The ideal soil 
nails spacing ranges between 1m to 2m. These results are 
Similar to the finding of Al-Baghdadi (2013) and Alsubal 
(2017).their findings demonstrated that FOS is dependent on 
soil nailing spacing for the same angle of earth slope. 

 

Fig. 4. Variation of FOS with soil nailing spacing. 

D. The effect of the location of nails row 

It was shown that there was some confusion among 

researchers about the optimal location of nails row that 

gives the best stability of a slope and the maximum factor of 

safety. Different locations were reported such as the slope 

crest and the slope toe while others stated that the row 

placed in the middle – part is the best location. However, it 

was of interest to find out experimentally the best location 

of nails row from the point of view of the rather factor of 

safety than the overall stability of the slope. So, series of 
tests using the same row of nails (L=10) at three different 

locations relative to the slope crest (Ls = 1, 1.5, and 2 m) 

.figure 5 shows the variations of FOS with normalized nail 

row location. It can be seen that as the nail row is placed 

nearer to the slope crest is getting much better in terms of 

factor of safety than anywhere else. Any other position far 

from that location may increase the overall stability of the 

slope but can't prevent or decrease the lateral deformations 

of soil particles near to the slope. 

 

 
Fig. 5. Variation of FOS with Location of soil nails relative to the slope 
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IV. CONCLUSIONS 

Based on this study, the following conclusions can be 
drawn: 

 The most effective nail location is at the slope crest 
can be referred to the fact that the passive wedge 
under the footing is relatively shallow and hence the 
mobilized passive resistance is getting much higher 
when the nails row are placed at the crest. 

 results in a higher FOS than the FOS when installing 
the same number of widely spaced soil nails because 
the closely-spaced soil nails obtain the required bond 
length almost with the same angle nail inclination so 
that they use their maximum allowable load. The 
ideal soil nails spacing ranges between 1m to 2m. 

 The stability of the slope decreases with the increase 
of spacing between soil nails.  

 Soil nail length has significant effect on the stability 
of soil slope with deep-seated slip surface and less 
effect with shallow slip surface. The bond length 
behind the slip surface should be enough to allow the 
nail to use its allowable load. 

 the nail row is placed nearer to the slope crest is 
getting much better in terms of factor of safety than 
anywhere else. Any other position far from that 
location may increase the overall stability of the slope 
but can't prevent or decrease the lateral deformations 
of soil particles near to the slope. 
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