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Table 1 Specifications of Materials Leading to llam-Salehabad Road

;ucsu—ryg o3l 4 gt Cd ol S e Je Y JKS

e i
[ ]|
\" g’ ;]6‘( 5
ol O T §
{ ‘\‘ [ | B
B o
¢ L} | a
N =3
. T 4 Q.
EEREl
J
E
0
20 16 12 8 4 0
Mesh slope length (m)

Fig. 2. Mesh model of slope leading to llam-Salehabad road
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Fig. 4. Slope settlements contours of slope leading to the Ilam-
Salehabad road

e b edel s slacents (S bzl ol

cowd ol 8l B Ll boedd (6 Seslul cwis b Ll
S oddan S Ja 55 e sy 5l Ol Lol sl anslis
(0) JKa Jlaged po el sdd o3y oLS (B sALY) K
)l)_é\rjj B oJ..'u:éJf @L:} 5 B3 Ll @L:j O (S lie
Gl on ophs edalie & sk Olea ol sdidll)
syt Salea 333 l5l 5 e 5 5l edel s

sl LY 5 gl N Ol e g 5 e 4S Sl S syl

25 Lolle 3 Sl edal s 4y Gl S aglie 0 IS

(B) 5 (A) ks 55 ;3 G35 13l

46
— — Results of the software
N . .
\ —=#— Results of the instrumentation
N
43
N
N
T AN
& N
2 N
5 4 A <
s N
E N
& N
N
AN
37 \
3.4

(A) (B)
Fig. 5. Comparison between the results of the settlements
obtained from the software with the results of the
instrumentation at two points (A) and (B)



rbﬁju‘jéﬂ\m

v S S @3F S SeS mdo

oM Do a4 SOl s e e SleS s
=l CaSOLE oyl Culs Lol sdsdll (V) Jad s
ool smd Ll Al Gl 555 ws S b s e la Vo
-L;j}').&;md\n“wbuwﬁ‘&w‘j&bch.ﬁﬁﬁuﬁ
d () o D50 40 2y 0L 05l 500 llas gla

5 ot S Sl IS 3l s 4yl Jsb <1l sl
(1) JSd 5l o aslin ol Sose S 6, S Gl
Sl Jlesl ad o lgsil 5o 5 G5 S sl 508
i (SenS 658 S8l 53 Sl o 3ls OLES (glo i
055 ol 5l g b o3Il (sl sl 0l i 555
055 5ok Lage dsb S s 5 ol 4 e desliza
e 3o\ ke cpl 3l Sl s es S g SenS
s Sl e Vgl ps e ) DLy Jools 4
V) 8 55 Gl o oS Jde ol ol a2 S
sl oSl |

SeS 055 Ul ol g e 0 sl d b ol
el e,k_.iu,a}hi.as)b)ljjédaj_adélo:)bu)s
J9—E OLSe (ol ol osls OLES (V)Jﬁjsddﬁ&w
A SR ;\u\t{d@w\)gwoﬁd”ﬁ-@ﬁ
ol i yase le bla 8l Jsb .cosl edd esls gLES T 50
£/4 5 0/18 VY0 O/A O/ WO/EY 4l L 5w 1SS s
o3l s eals OLE (V) S 55 a5 €S0k .l e
335 e VO oSl ey 5 pl ea b sl sles Joe Dl b
ol an S ks 200 L ol STl e
LS g oS 055 3 lales oo aen Jsb 45 IS

St d (S S oS 4l 4y LIS walsl s
Gl o s el el 0313 OLES ) Blo 5 s 3 el
O 35 0 5 (SoseS o58 plas o3Il ol bl L
Syl adsl i oLasS gl e sl dale
‘Me)jéj)ﬁMMQMMW\AWJ
s S S oS ks Sen €S S e Sl
oddall LS aalsl o L mel )byl aculme Aoy 555 o0

g;,.w‘ ol bb‘b L)L:'.s (V)Jgaﬂd_})faw‘)w &Lw‘

32

(V) IS s SLe-Ole s fun wtew Siles sl

Ol G pme IS8l s 55 6l ad sl esls OLES
el D a3 4 s 5 fan pl5 a5 FLAC 3 LS
SLa 5 Ol Sl G aml O pme s S L 4l

By e an S a3t Ol Culis ey

Sl Ol o o Sled s VYK

[Nailing and grouting system

Shear area

Fig. 6. Schematic view of nail-Grout-soil system

)" Kpong SL= B g.)Lé«jJ )U;.- L;‘j’J',’ wb L;\.>b.~ JS.A‘)L_

_ It 0
ll}lnl'l'l'z—t:l
Koond = D
i 4l Calbs t S 8 Jsde G ekl ol 5o
o 53 oy e 4 S S s el b 5l b 4l

L> Jﬁ
Koona = 2x1x3.8¢’ / 10In(1+0.008/0.1)
Kpond = 3.1€% Pa

adaly ) B sk Sl ol St ueslis

Sbond =mnDc ()

Sbt Sk € 5 Sl s jue ot 3D 0T 3 S
ol el gt D Sl e

Spong =7 % 0.1 x 25¢°
Spond = 7850 Pa

53 a3 V0 il (Sprie) S 5 Clegs Sl 4l
%g&))éﬂwwwj%m.w‘aﬁwﬁﬁ

Cw‘fx'/‘ui_jcjafx'/"\//\f‘f%;m



YA JL..«/\ A)ijz/v.hé)'j}e)ji

ooe Ol jes pwdigs a5 —

sole alos

SOl g e ot SO sla el )l Y Jgd

Compressive Tensile Nail System Friction Grout Thickness of the System Modulus of

Strength Strength Spacing Perimeter Angle Adhesion grout area and soil Area (m?) Elasticity
(Yeoms) (Y vietg) (m) m) (desgree) Resistance (Ksond) (Ewd)

(Pa) (Pa) (Sric (Stond) (Pa) (Pa)

(Pa)
0.238¢° 0.238¢° 13 0.34 15 7850 3.1¢e? 0.0078 29.1¢°
Table. 2. Mechanical Parameters of Nail-Grout-Soil System
S SOLE o5l g0 SO sl ey ¥ Jgues
Cross Section Area (m?) Moment of Inertia (m4) Modulus of Elasticity (Pa)

0.15 2.8e" 13.8¢°

Table 3. The mechanical parameters of the shutter wall
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Abstract
Background and Purpose: Instability of slopes leading to roads in steep mountainous areas is a major
problem in the development of roads worldwide, causing excessive human as well as financial losses. Soil
nailing is one way of in-situ soil reinforcement. The behavior of a reinforced soil system depends on
different parameters including geometry of the structure, mechanical characteristics of the soil, density of the
reinforcing material, and length of the soil reinforcing material as well as the angle it makes with the failure
plane. Though much research has been conducted on earth slope stability, few studies have examined the
effect on slope stability of the soil nailing angle and tensile force distribution along the nail. In spite of the
extensive studies conducted on slope stability, no specific insight has been obtained so far on the effect of
the failure plane or soil nailing angle on the tensile force distribution along the nails. In view of these facts,
this study aims to examine the effect of nail angle as well as nail length on the nail safety factor with due
consideration of the effect of shear strain distribution on slope stability. Selecting the slope leading to llam-
Salehabad Road in western Iran as our case study, we studied the stability of this slope at different nail
lengths and angles.
Methodology: The slope leading to llam-Saalehabad Road (after the Karbala Road tunnel) was selected as
the case study. To determine the mechanical parameters of the soil, we provided soil samples from the slope
site and tested them at the laboratory in accordance with ASTM code to obtain the required soil
characteristics. The powerful geotechnical software FLAC2 was subsequently used for modeling the slope
leading to the road. Upon completion of analysis, we compared the settlement obtained from the software at
two points on the earth slope with similar measurements obtained from the instruments, and observed a
good agreement between them, with an approximate maximum error of 3%. In the following, the effect of
soil nailing angle (with the horizontal line) as well as the length of the nail on the nail safety factor and nail
tensile force is discussed.
Discussion and Conclusion: Our results showed that increasing the soil nailing angle (i.e., nail driving angle
defined as the angle between the soil nail and the horizontal line) from 0 to 30 degrees would increase the
nail safety factor by about 23%. Thereafter, increasing the nail driving angle from 30 to 45 would cause a
reduction of 2.8% in the safety factor. A further increase of nail angle (with the horizon) caused a
corresponding increase in the tensile force induced in the nails, so that the maximum tensile force at 30
degrees increased by about 6%. The maximum nail driving angle efficiency was observed at the points
undergoing maximum shear strain: increasing the drive angle to 30 degrees led to a 10-fold increase in the
tensile force developed in the nails at points with maximum shear strains. On the other hand, increasing the
nail length increased nail safety factor, so that increasing the nail length by 1 meter would increase nail
safety factor by 4.3%. However, increasing the nail length beyond 1 meter reduced the rate of increase of the
safety factor. Accordingly, the optimum length increase in the nails was taken as 1 meter.

Keywords: soil nail driving angle, safety factor, instrumentation, tensile force distribution in the nail, nail
length.
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