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1. Introduction

One of the most important problems in civil engineering is constructing structures, protecting excavation and the
building in their surrounding and stabilizing embankments. Non-observing proper methods for protecting deeps and
also constructing slopes will lead to irreparable damage and the risks resulted from probable subsidence and
reducing the bearing capacity and lateral displacements will cause cracks in neighbouring structures [1].

Studying the nails behavior in marl and clay soils which are considered as fine-grained soils with different
properties compared to grained soils are the subjects which has been considered less. High plastic properties, semi-
saturation state, changing its behavior in long-term, very low grouting and other similar [2, 3] cases are among the
problems which necessitates studying the nail function in these types of soils.

Regarding the diversity of marl in surface (yellow, green, olive green) it is not possible to study all of them in
low time and it needs more time and more cost while due to multiplicity of olive green soil which is observable in
most civil projects in the city and in lower depth of lands, this research studies the behaviour of nailing systems in
these types of marls.

2. Methodology
2.1. Material and equipment

Marl is a term for depositions which is formed by combination of Rousseau sodium carbonate. Marls are
exposed in eastern, northern and southern districts of Tabriz and in most city areas, it forms bedrock, in other words,
they are under alluvial deposits. These marls are seen in different colors such as yellow, olive green, brown and
gray. The yellow and green layers are usually put in surface and gray marls are in deep and mark soils are
mechanically classified in the group of clays or silty with high plasticity. The marls' smoothness and plasticity index
is in an extended area which shows the variability of carbonate calcium percent and type of clay composing marls.

Tabriz marls have wide diversity in different areas. Such diversity is observed in their appearance and in
engineering properties and compositions. These marls show different geo-mechanical behavior in different
conditions such as depth, the amount of overhead, natural humidity, saturation, clay percent and also gypsum and
coal lines. Regarding the importance of these marls and their expansion in Tabriz and their different function, the
studying is done on behavior of this type of marls against nailing system.

For doing tests, it needs a device which can measure and register the force, pressure values and displacements
with high precision, in this regard; a nail anchoring was made which can measure the force by 50 tons and measure
the deformations in 0.01-mm precision equipped with data logger for registering the data automatically per 6
seconds.

2.2. Test program

For reaching the predicted aims of recent project, 6 nails in real scale with injected length of 400 cm and free
length of 60cm in mentioned field with different injection grouts vertically and 4 nails horizontally with 15 degree
angle to horizontal with the same details were implemented for studying the effect of grouting pressure on friction
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behavior and their effects on tensile strength and creeping behavior of nails. The current research studies the effect
of grouting pressure on tensile strength and its effect of creeping behavior of nails as one of the effective factors.

In nails drilling, the customary method of shield drilling which is most used in implementation works is used
such that 3 nails were drilled vertically and 2 ones horizontally with shield drill and standard cement grout with
gravity injection and 3 nails vertically and 2 ones horizontally with similar previous conditions and implemented
and tested under 6 times injection pressure in studying site. It shall be noted that regarding the type of studied soil
and its low grouting, it was not possible to do injection under high pressure.

3. Results and discussion

The 10 series of test results shown in Table 3, represents the influence of injection pressure on the tensile
strength and creep behavior nails are the horizontal and vertical modes. Graphs of tests 2 and 6 for better
understanding of the tests are shown in Fig. 1.

The nails implemented in marl soil show different behavior compared to other soils due to humidity, smoothness
and high plasticity which causes change in behavior of implemented structures in this kind of soil. Studying and
scientific experiences show reduction of tensile power of nails in marl soil during the time which can be due to
creeping behavior of this type of soil and aligning the clay grains under load. Improving the nail behavior in marl
soil with different methods and increasing the tensile capacity and improving its creeping behavior especially in
long-term is considered as aims of this paper. Using pressure grouts can provide more proper conditions due to
establishing proper involvement of grout with soil of nail wall and probability of establishing displacement in wall
and section of nails and improve the tensile and creeping behavior of nail. It shall be noted that regarding the types
of marls with different capabilities and behaviors, the results are changeable upon changing the type of marl type
and its physical properties and strength parameters and cannot relate the results to all marls.

Table 1. Properties of olive marl used in plan and its strength parameters

Angle of Internal Friction Cohesive Plastic Limit Liquid Limit Humidity Wet Density Depth
(Degree) (kg/cm?) PL (%) LL (%) (W %) (kg/m?) (m)
20 12 50 74 38 1850 2
21 13 59 76 40 1900 5

Table 2. Dimensional properties of nails and used grout

Drilling Tvpe Cement Type of Grout Bar Size Diameter of the Nail ~ Free Length of the Nail  Injection Length
g (mm) (cm) (Cm) (Cm)

Rotary

Three blades I 32 1 60 400

Table 3. Results of real tests, dimensional properties
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. Cement(Type I1)

1 11 400 60 Vertical Rotary Gravity injection 22 18 15
2 11 400 60 Vertical Rotary Cement(Type 1) 21 17 14

Gravity injection
3 11 400 60 Vertical Rotary Cement(Type 1) 22 19 16
Gravity injection
Cement(Type I1)
Injection pressure= 6 bar
Cement(Type II)
Injection pressure= 6 bar
6 11 400 60 Vertical Rotary _ Cement(Type 1) 32 2% 21
Injection pressure= 6 bar
Cement(Type II)
Gravity injection
Cement(Type I1)
Gravity injection
9 11 400 60  Horizontal  Rotary _ Cement(Type 1) 22 18 15
Injection pressure= 6 bar
Cement(Type I1)
Injection pressure= 6 bar

4 11 400 60 Vertical Rotary 32 26 21

5 11 400 60 Vertical Rotary 33 27 22
7 11 400 60 Horizontal Rotary 14 12 10
8 11 400 60 Horizontal Rotary 15 13 11

10 11 400 60 Horizontal Rotary 23 19 16
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Fig. 1. a) Diagram of tensile force against axial displacement of nail by failure in nails No. 2 and 6, b) Diagram of
axial displacement of nail against time log under different tensile loads in nails No 6, c) Diagram of tensile force
against displacement changes in different stages in nails No. 2 and 6.

4. Conclusions

The results of test indicate 35% to 40% rise in tensile strength of nails implemented by shield excavation and
injected standard cement group with 6 times pressure compared to gravity injection which can be resulted from
grout penetration under high pressure to the soil pores and proper involvement of grout with neighboring soil or
probability of nail section upon exerting high pressure. Meanwhile, improving creep behavior of nails is observed
via using the injection pressure in both horizontal and vertical states. which delays the onset of unacceptable
creeping (above 2-mm) and shows more acceptable long-term behavior.

The effect of the injection pressure is approximately equal in the vertical and horizontal nails, which can
represent the the approximate similarity in the vertical and horizontal cracks in green marl soil masses.
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