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1. Introduction

Soil nailing is regarded as one of the cast-in-place reinforcement methods for soil slopes to limit the
deformation and increase its safety the use of which is considerably increasing due to some advantages such
as short-term construction and low-cost implementation. This method is commonly used in compact and dense
soils, as well as slopes where heavy machinery is difficult to access, although its use is limited in loose soils.
The reason for using this method in dense soil is that the fine particles are less in this type of soil and have poor
cementation, which itself causes little adhesion in the soil. In addition, a proper interaction results from the
friction between the soil and the nail wall in this soil.

The pull-out strength of the nails is one of the important parameters in designing nailed soil, which is
difficult to estimate with high precision (Franzen, 1998). This parameter is often estimated by the design
engineer when designing the nailed soil and then, verified by means of pull-out tests during construction. The
researchers used field and laboratory methods to conduct pull-out tests and concluded that the pull-out
strength of the soil-nail relies on various parameters such as soil shear strength, dilatation, injection pressure,
nail installation method, releasing stress during drilling, as well as testing method, soil condition and the like.
(Hong et al. 2017).

The significance of the shear force created in the nails depends on their applications in design
considerations so that the nails should be designed to maximize the axial load capacity of the section if the
shear deformations are considered to be small and negligible depending on the design conditions. In the
reverse mode, in cases where the occurrence of larger shear deformations is allowed such as the stabilization
operation of wide soil slopes, the shear force is very important in the design process, in addition to the axial
force. In this case, the use of shorter nail, like Fired Nail, is more convenient and economical. Accordingly, the
present study aimed to investigate the effect of parameters of length, diameter, characteristics of the nail
surface (roughness) and the amount of surcharge on the pull-out capacity of the nails.

2. Direct shear box with the pull-out system

In order to further use the apparatus designed in future studies, the box is formed of two separate sections,
the lower part of which is fixed and tight and its upper part is movable. Fig. 1. illustrates the overview of the
apparatus. In general, this apparatus consists of three parts including a box with soil and its nails, a hydraulic
jack which is located next to the box and insert a tensile force to the nails, and a chassis and a hydraulic jack
which are located above the box and insert a compressive force to the surcharge sample.
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Fig 1. The Pullout Box

In order to study the pullout feature, fixed and movable boxes are first fixed. Then, the nails are horizontally
aligned through the orifices on the front side of the box. In addition, the used soil is poured and compacted into
the boxes by sand raining from the height of 80 cm above the moving box. This operation continues until the
shear box is completed and then, the desired surcharge is applied to the top of the plate on the soil and the
sample is tested. During the process, the nail is placed on the soil and connected to the jack on one side and
accordingly the amount of tensile force required to pull it out and the space around the nail affected by this
force are measured.

3. Nails

The selected nails are divided into two types of deformed steel nails with the diameters of 6 and 8 mm.
Table 1 indicates their specifications, along with the nails made by grouting injection. In order to create a
grouted nail, a wire, which its diameter is calculated by dimensional analysis, is first placed in a diameter-
calculated tube frame and the around of frame is filled with the cement slurry. In order to create a nail with
roughness surface, sand grains are attached to the surface of the nail by using a special adhesive, and finally, a
completely rough surface is created.

Table 1. Nail Property

Parameter
- M. (N.m) Mp (N.m) E (kN/m2) op (kN/m2)
Diameter (mm)
6 8.334 14.148 210000 393000
8 19.754 33.536 210000 393000

4. Soil

The soil used in these tests is sand which has been applied in a completely dry state. The particles of this
soil are passed from mesh No. 16 and remained on the mesh No. 100. In terms of gradation, the soil has a curve
coefficient of 0.94 and a uniformity coefficient of 1.92 and is classified as SP.

5. The effect of different parameters on pullout force

In order to investigate the effect of different parameters on pullout strength, 44 different tests were
performed with different parameters such as length and diameter of nail, roughness and smoothness of the nail
surface and the applied surcharge. In these tests, two types of grouted and non-grouted steel nails were used.
In the early stages of the test, the axial force was mobilized and the displacement was linear and not affected
by test conditions such as length, diameter, kind, or type of nail surface.

5.1. The effect of nail length on pullout force

The results indicated that an increase in the length by 66% increased the pullout capacity by about 48 to
56%. It is worth noting that more interaction (caused by friction) between the soil and the nail is created by
increasing the nail length, which causes higher pullout force in nail. Further, an increase in length increased the
amount of strain in nail and the displacement of the two ends of nail is as large as the deformation.
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5.2. The effect of nail diameter on pullout force

It is evident that the diameter of the nail plays an important role in increasing the pullout capacity. As the
diameter increases, a greater interface is created between the soil and the nail, leading to a greater strength at
this interface, and consequently, higher shear stresses at the interface between the soil and the nail

5.3. The effect of surface type (roughness and smoothness) on pullout force

Typically, the surface type factor (roughness and smoothness) of the nails is involved as the friction angle
between the soil and the nail and practically, this factor plays a significant effect on the pullout capacity. The
comparison of the results indicated that by turning the smooth surface to the deformed one in nails, the
capacity of pullout varies from 16 to 25% depending on the conditions, while it increases by about 34 to 46%
in the case of turning a smooth to the rough surface.

5.4. The effect of surcharge on pullout force

Since nails are located at various depths in nailing projects, these tools are under the influence of surcharge,
which is always regarded as one of the computational variables. Therefore, several tests were performed in
order to test the effect of this parameter on the pullout capacity.

6. Conclusions

Based on the force-displacement diagrams, the relationship between force and displacement is linear in all

tests and in small deformations, which is also different depending on the laboratory conditions. In addition, the
relationship created from the linear mode by increasing the displacement and the rate of increasing force
decreases until the force reaches its maximum limit, which is the pullout capacity, although the mobilized axial
force decreases by increasing the displacement. However, this process stops over the time and the amount of
axial force remains constant and returns to the same amount of residual force.
The displacements where the nail reaches its pullout capacity, varies in different tests on length, diameter, type
of surface, and surcharge. In general, the amount of this displacement increases by increasing the pullout
capacity of the nail. In other words, the greater pullout capacity of the nail leads to higher ductility of the
structural system.
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