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One of the most important issues in urban areas is the stabilization of vertical and
sloping earth walls. Nailing technique used for slope stabilization, has become
popular day by day in urban environments, around the world. Normal drilling wells,
even at shallow depths, have collapsed many times when subjected to applied loads,
resulting in reduced work progress, loss of life and unpredictable economic costs. On
the other hand, the collapse of drilling holes causes to loosen the soil structure and
reduce its density, which in turn causes more horizontal and vertical deformations to
occur in the earth’s surface. This research, introduces the deep excavation
stabilization with the aid of laboratory and numerical modeling and presents the
effect of overburden and soil density on the nails behavior. It was observed that under
the conditions of the same soil density, the pullout capacity of all types of nails
increases with the increase of the overburden pressure applied on the soil. For
example, by increasing the overburden from 0.2 to 0.5 kg/cm?, in a soil sample with
a specific weight of 1.4 gram/cm?, it causes a 100% increase, and in a soil sample
with a specific weight of 1.6 gram/cm? causes a 150% increase in the nail pullout
capacity. Also, under the same conditions of the applied overburden pressure, the
pullout capacity of the nails will increase due to the increase in the specific dry weight
of the soil, which is an increase in the density of the soil. In other words, by increasing
the specific dry weight of the soil from 1.4 to 1.6 gram/cm3, by applying overburden
of 0.2, 0.5 and 0.8 kg/cm?, the pullout capacity of the nail increases by 16, 35 and 40
percent compared to the initial state.

Introduction

caused by excavation are stabilized, using a

With the increasing population growth and
the lack of suitable urban space for
construction, the desire to build high-rise
buildings has increased, which in turn has
increased the need for excavation, suggesting
different methods for their stabilization. One
of them is the stabilization method by nailing
system. In this technique, unstable soil walls

grid of steel rebar that are sunk into the soil to
a certain depth, covered with cement mortar
(Kazemi and Bolouri, 2018). Nowadays, the
soil nailing method has replaced the
conventional structures as one of the retaining
walls. Stabilization in the nailing method is
that first nails (reinforcement) are placed
inside the pit wall followed by cement
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injection operation around the nails. The
priorities of this method, such as speed and
ease of work and low economic cost, have
made it one of the best methods for protecting
the walls of excavations. In the current
research, the results of a series of tests
conducted under different parameters,
including two different densities, various soil
densities and finally overburden pressure were
examined. To simulate the test results
numerically, the Plaxis 3D Foundation finite
element software was employed for modeling.
Materials and methods

The Mohr-Coulomb failure criterion is
employed to study the efficiency of the full
length of the nail in a slope. Therefore, if full-
length nails with non-uniform conditions are
used for the pullout test, the effects of the
aforementioned  parameters cannot  be
accurately studied. For a short length of the
nail, the stress conditions are almost uniform
along the length of the nail. Therefore, the
effects of different factors on the pullout
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Fig. 2. Laboratory setup

Plaxis 3D Foundation software
In two-dimensional analysis, it is possible
to choose two types of 6-node and 15-node

strength can be investigated by means of a
short length of nails. This can be done by using
an extraction box in which the nail is placed in
a block of soil. The results of the test and the
following relationship can be used to
determine the tensile strength

gs= P/(rDL)

P: Final pullout force

D: Drilled hole diameter

L: Nail length
Arrangement of experiments

In order to perform nailing tests in the soil,
it was necessary to build a device in which a
nail can be embedded in the soil and have the
possibility of inserting the necessary forces as
overburden and also pulling out the nail.
Therefore, the laboratory arrangement shown
in the figure below was made to perform nail
pullout tests (Soil Nailing, 2002). The various
components and parts of this device include:
rigid reaction frame, soil holding tank,

hydraulic jack, force gauge, displacement
gauge and reading device.

Fig. 1. The soil tank
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triangular elements in the analysis, and the
default element in this software is the 6-node
element. 15-node elements are used to achieve
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more accuracy in the calculations of stress and
load and rupture (especially in geometry). In
the Plaxis 3D Foundation software, the
method of obtaining the reliability coefficient
can be used to calculate the stability
coefficient.
Results and Discussion
Effect of applied overburden pressure

The state of stresses created in the test box
is as shown in Figure 3. As can be seen, the
stress distribution at the top of the test box is
almost equal to the applied stress and
decreases with distance from the soil surface.
With the presence of a rigid wall on both sides
of the test box, it can be seen that the amount
of stress on the sides is almost equal to zero
and due to the friction of the soil in this area
with the rigid wall, the soil has not settled and
there is no stress from the tension.
Effect of soil density

As it can be seen from the results, the
increase in soil density under different loads
results in the nail pullout capacity. The effect
of soil density on the pressure of higher
applied overburden is far greater than the
effect of this parameter on the pressure of
lower applied overburden.

CRediT authovship contribution statement

Fig. 3. Stress variations in the depth of the model
Conclusions
In the current research, based on the
experimental and numerical modeling results,
the interface coefficient of soil and mortar
(Rint) was found to be about 0.65. Also the
pullout capacity of nails increases with the
increase of the overburden pressure and
increases due to the increase in the soil
density. With the increase in pressure caused
by the increase in the applied overburden, the
soil density follows an increasing trend
leading to an increase in the internal friction
angle and soil cohesion magnitudes.
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Table 3. Physical and mechanical characteristics of the modeled soils
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“Osm Cedbeal oS ol o

b s Jlod )0 e Jole S0 e (SaiS
kol ele @ g cnl al SoSFm sloylgo
S5l (_,’_i...‘._- clegs g S o ém Caaglie
2 Ol Gl e n (G Gl 5l Sae

50 g (SoiS heym Cudil p e sla il )b

o yialosT ,o oolatwl 8,90 sl ol )b Slasin -F Jga

A6 A5 A4 A3 A2 Al Jos
16 16 16 1.4 14 14 (Qr/em?) i ogaio o3
0.8 0.5 0.2 0.8 0.5 0.2 (Kg/em?) ol oo Lt

Table 7. Specifications of parameters used in numerical modeling

©ode gilwJan yo oolwl oy90 slo el b Slaseie -V Jgus

B6 B5 B4 B3 B2 B1 Joe
1.6 1.6 1.6 1.4 1.4 1.4 (grlem?) iz pgass 5
15 1.2 1 15 1.2 1 (kglem?) Jlas! b Lz

ool S5 @ a3 s F &l GG s ol
sl o oolaiwl 8,90 S Saglie sl il )b

e By ialosT 51 eolisal b iolejl cilisee
sanlive JB Y Jpuz 3 o] @b & Wb (s
e 3l esliiul b ssae (gilo e el
9 i o0 Giolesl 5l esel ey sle il )b
S JOR ] P g VP PSCO J P W

5 Lol @l amlie b .cé S oo b

YyYe

L Gl Lo tolesl ploxil 51 ey A (slaJas o

Slyess slaloged ) g @S Eud 5 7 Jgu
G O i plp 50 (S9iS Ggm Caglie
3,90 6o el b ylen b o iolesT (soae (g5lo Jow
—p 5l eolainl b alBiolesl sla Joe jo solaul
V Jso> L &lae Plaxis 3D Foundation 3l
8 603 (55l Jae o] Cawas gl g o pll

20 (SS9 Canglie Ol sl jloged O jgo



e SB ST g b 3l goue g Kbl on)

1 sosk g oile

Cunglin 'y yion 2Rkl s b sose Jow
ERSIVIEUNEN PRV SRICUNGNE SV RN
“Osm Coslie Dliesd Glajbge o a5 b
> ond Al Fe e sd plp 0 (SaeaS
5 dig, g s odalive A sl Jos gl aonsd
5 9 003 alie Ly i (s39e g3lo e 5 bosiale]
008 (oS B! g0 ol (SauiS g Cuwglas

Joe zuore o, Sles goamslis ol aS 0l 0

ol oo g00e
14
12 (V’L
o
=10
€
9
g8
s
= = Numerical
15 6 = Experimental
3
@
g4
2
0 ) . . ! :
0 05 1 15 2 25

Displacement (cm)

A2 Zoo S yis ol 50 Coaglie Dl -V Y S
Fig. 11. Changes in strength to nail displacement A2

plxl ove Joo ol B o0 (5l Jae
S e sy el pols i b 1)
—Joe 1 (B) SB areecsta¥! Jgoe 35 5 (Rint)
sl Joe s oo plonil iolejl il (goae 55k
o b lpleSs Losis goue 5 (ol
5 womo 5l pliaebl 5 o0 Juo gl S
Gilwdae Olgs oo codnl Cawds slasls> iw)yo
Alizeo oot )l i b og ools pesd 1) (goue
903905 gy 1) S )3 G (SeiS g m L8,
sl S (sl IS S 5505 oanlie |y ] il

NUYYa
5 TV

~——Numerical

(kPa)

——Experimental

Pull-out Resistance

0 05 1 15 2 25
Displacement (cm)

Fig. 10. Changes in strength to nail displacement Al

! 20

8 18

o TRVl AT o "
: VRNV N iy LI
=6 <
£ gn
3 5 ===Numerical
g = Numerical B -t
€ ) = Expenmental 5 “xperimental
5 S
g3 K]
[ s

’ 4

! 2

0 T 0 T ™

0 0.5 1 15 2 25 0 0.5 1 15 2 25

Displacement (cm)

Fig. 13. Changes in strength to nail displacement A4

Displacement (cm)

Fig. 12. Changes in strength to nail displacement A3

\Yo



c S ST g e 23U soae 5 pRaLeT ()

1 sosk g oile

30

e
x

i

®
£
8
]
g 15 =Numerical
e = Experimental
3
=10
]
4
5
0 T T T T
0 05 1 15 2 25

Displacement (cm)

Fig. 15. Changes in strength to nail displacement A6

s silodae Gzl o Jlesl sla sl
sl jo e 4 a5 cul alw gl
bl aolol jo 09l oo Jlesl 2] jo cglaie  clas )|
Sl jloges 5 g Olmas cpl Jlee! 5l osel
O sl 50 (S0iS gy Saeglie Ol s

%
20
g (=N /\!\/\/\N
= LID. VIR 3K )
g 15
H
3
2
& —— Numerical
ERL ——Experimental
3
£
5
0
0 05 1 15 2 25

Displacement (cm)

Fig. 14. Changes in strength to nail displacement A5

Syl jlad s L) Jow ol 3o jo

R Oyge Oglite )by Cod S0 me
ael oy s SLis ol el 455,513
TS VD 5 VY ) Jlae (gla o b Lol

led obal cde il mye setle

g 2
215 2
& &
_’ém Em
’ ” l|:)Isplacemen( (‘csm) ’ - ’ - ‘Dlsplacement (‘:m) -

Fig. 17. Changes in strength to nail displacement B2

Fig. 16. Changes in strength to nail displacement B1
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Fig. 21. Changes in strength to nail displacement B6
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Fig. 22. Stress changes in the depth of the model due to the applied overburden.
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Fig. 24. Effect of applied overburden pressure changes
for the dry specific gravity of 1.6 gr/cm?
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Fig. 23. Effect of applied overburden pressure changes
for the dry specific gravity of 1.4 gr/cm?
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