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Abstract  
Considering the nail’s flexural stiffness in nail’s simulation is a polemic topic in the 

numerical analysis of the soil nail wall. In this research, effects of soil constitutive models 
and nail’s flexural stiffness on soil nail wall 2D numerical analysis have been studied 
and compared with the outputs from French national research project on soil 
nailing, CLOUTERRE. The nail’s simulation in numerical model was performed in two 
forms, by Geogrid and Plate elements and the soil’s behavior simulation was performed 
by the Mohr-Coulomb (MC) and Hardening soil (HS) constitutive models in finite 
element package intended for two-dimensional analysis ,PLAXIS 2D. It has been 
observed that ignoring the nail’s flexural stiffness results in more conservative results in 
the values of soil lateral displacement and the nail’s axial force, especially in the 
Hardening soil constitutive model. 
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1.Introduction  
Considering the nail’s flexural stiffness in the soil nail wall simulation, is the discussable 

topic in the technical literature. Juran et al. [1] referred to the significant effect of flexural 
stiffness on the force distribution along with the nails installed at a deviation angle of 10 to 15 
degrees with respect to the horizon. Numerous researchers have considered the effect of 
flexural stiffness in nail simulation [2-5]. Schlosser has confirmed the appearance of flexural 
resistance in the nails, based on his ample observations and extensive studies he carried out 
over 10 years, but he has implied that the flexural stiffness’ impact on safety factor is 
negligible [6]. The conservative results, regardless of the effect of the nails bending stiffness 
on the numerical simulation of the soil nail wall, has also been confirmed by some researchers 
[7-11]. 

On the other hand, several researchers have also emphasized the significant effect of soil 
constitutive model on soil nail wall and other geotechnical structures in numerical analysis 
[11-15]. The Mohr-Coulomb constitutive model is mainly used in soil nail wall numerical 
analysis [2, 16-19], however, there are a few studies in which advanced constitutive models 
are used to simulate and analyze the soil nail wall [3, 9]. 

 From the observations in the technical literature, it can be concluded that the use of 
advanced constitutive models provides realistic results to simulated structures. But in such a 
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case, the high volume of numerical calculations, complicated geotechnical tests and 
engineering judgment of an appropriate determination of parameters of the constitutive model 
will put some limits.  

In this research effect of the nail’s flexural stiffness by two constitutive models, Mohr-
Coulomb and Hardening Soil, on 2D numerical analysis of soil nail wall has been 
investigated. 

2. Methodology 
The soil nail wall in the CLOUTERRE project is 7 m high, 7.5 m wide and constrained 

between two lateral walls covered with a double layer of polyethylene sheet greased in 
between to ensure plane strain conditions. Cross section of the soil nail wall is shown in 
Figure 1. The specifications of the soil nail wall components are presented in Table 1.  

 

Table 1: specifications of the soil nail wall components 

Value Parameters 

7.0 Vertical height of the wall H (m) 

0.0 Face batter (degree) 

0.0 Back slope angle (degree) 

Axial stiffness of nail (kN/m) 

55700 Nail Type A 

61000 Nail Type B 

58800 Nail Type C 

Bending stiffness of nail (kN/m2) 

13.39 Nail Type A 

14.05 Nail Type B 

14.3 Nail Type C 

1 Vertical spacing between nails (m) 

1.15 Horizontal spacing between nails (m) 

0.08 Facing thickness (m) 

2000000 Axial stiffness of facing (kN/m) 

10066.67 Bending stiffness of nail (kN/m2) 
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Figure 1: Geometry and position of the nails [2] 

 

In this research by PLAXIS 2D [20] ,the finite element based program, simulation of the 
soil nail wall is considered as a plane strain problem. Numerical simulations of the soil nail 
wall are performed in MC-model and HS-model considering lateral deformations (in the 
phase 3 and phase 5 of the excavation) and nail’s axial force (in the phase 5 of excavation). 
These outputs were reported from national research project CLOUTERRE [2, 21]. The values 
of soil models’ parameters in this study are summarized in Table 2. 

 

Table 2: Soil models’ parameters [2, 21, 22] 

Parameters MC HS 

Cohesion (kN/m2) 3 3 

Friction angle (degree) 38 38 

Unit Weight  (kN/m3) 16.6 16.6 

Modulus of elasticity of soil (kN/m2) 31000 - 

Secant stiffness in standard drained triaxial test (kN/m2) - 36000 

Tangent stiffness for primary oedometer loading(kN/m2) - 36000 

Unloading/reloading stiffness (kN/m2) - 108000 

Reference stress for stiffness (kN/m2) 100 100 

Poisson’s ratio  0.39 0.2 

Power for stress level dependency of stiffness - 0.5 

  

6-noded triangular elements are used for generating finite element mesh with appropriate 
density which is refined in the vicinity of the soil nail wall Figure 2. 
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a 

 

b 

Figure 2: Numerically simulated 7 m high wall using a: Plate b: Geogrid element 

 

3.Role of nail’s bending stiffness 
In order to study the implications of nail’s bending stiffness in soil nail wall numerical 

simulations; two series of simulations are performed (Plate and Geogrid structural elements). 
Outputs are made with regard to soil horizontal displacement at 2m behind the facing and 
axial forces developed along the nails. These numerical simulations consider bending stiffness 
by Plate and ignore bending stiffness by Geogrid.  
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Figure 3: Soil Horizontal Displacement at phase 3, Mohr-Coulomb constitutive model 

 
 

 

Figure 4: Soil Horizontal Displacement at phase 5, Mohr-Coulomb constitutive model 
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Figure 5: Soil Horizontal Displacement at phase 3, Hardening Soil constitutive model 

 

 

Figure 6: Soil Horizontal Displacement at phase 5, Hardening Soil constitutive model 

Based on Figures 3 to 6, ignoring the nail’s flexural stiffness by use of Geogrid in nail’s 
simulation, lateral displacement values increase slightly. This is more evident in the HS 
constitutive model.  

Figures 7 to 10 present the variation of the axial force along various nails in phase 5. The 
axial force in all nails, as shown, is greater when using the geogrid element in simulating the 
nails. 
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Figure 7: Axial force along the length of nail No.1, Phase 5  

 

 

Figure 8: Axial force along the length of nail No.2, Phase 5 
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Figure 9: Axial force along the length of nail No.3, Phase 5 

 

 

Figure 10: Axial force along the length of nail No.4, Phase 5 

The decrease in the nail’s axial force when using the Plate element, due to the nail’s 
flexural stiffness is justifiable [3, 6]. 

Table 3 shows the difference between the numerical analysis output and CLOUTERRE’s 
measured data; considering soil maximum horizontal displacement and the nail’s axial force 
values (the negative percentage means that this study outputs are higher compared to 
CLOUTERRE results). Table 4 shows the percentage increment in numerical analysis outputs 
by use of Geogrid element in nail simulation. 
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Table 3: Comparison between this study numerical analysis and the CLOUTERRE 

Axial force, 
nail 4, 

phase 5 

Axial force, 
nail 3, 

phase 5 

Axial force, 
nail 2, 

phase 5 

Axial force, 
nail 1, 

phase 5 
H.Dips (P5) H.Dips 

(P3) 

Soil constitutive 
model-nail 
simulation 
element 

-43.47 -67.04 -43.19 -72.97 15.41 57.18 MC-Plate 

-66.11 -87.06 -50.1 -86.02 2.02 53.90 MC-Geogrid 

-62.84 -70.3 -29.18 -74.44 -7.32 36.27 HS-Plate 

-115.16 -107.87 -50.29 -102.58 -41.43 29.47 HS-Geogrid 

  

Table 4: Percentage increment in this study outputs when using Geogrid 

Axial force, 
nail 4, 

phase 5 

Axial force, 
nail 3, 

phase 5 

Axial force, 
nail 2, 

phase 5 

Axial force, 
nail 1, 

phase 5 
H.Dips (P5) H.Dips (P3) 

Soil 
constitutive 
model-nail 
simulation 
element 

15.77 11.99 4.82 7.54 15.83 7.65 MC 

32.13 22.06 16.34 16.13 31.78 10.67 HS 

 

4. Conclusion 
 

In this study, the effects of nail’s flexural stiffness on soil nail wall numerical analysis 
with Mohr-Coulomb and Hardening soil models have been investigated. The results of 
simulation using the finite element method and the plane-strain condition indicate that the soil 
horizontal displacement and the nail axial force using Geogrid element are greater than using 
Plate element.  

Referring Table 4 when nail’s bending stiffness is neglected, outputs in HS soil model are 
higher compared to the MC model.  

Moreover axial force from nail No.1 to nail No.4 at phase 5 is increasing due to the 
increase in depth of nail embedment and this increase is more visible in HS model rather than 
MC model.  

 

References 
 

[1]. Juran, I., et al., Kinematical limit analysis for design of soil-nailed structures. Journal of 
geotechnical engineering, 1990. 116(1): p. 54-72. 



5th.International Congress on Civil Engineering, Architecture 
And Urban Development 

26-28 December 2017, Shahid Beheshti University, Tehran, Iran 
 
 
 

10 
 

[2]. Fan, C.-C. and J.-H. Luo, Numerical study on the optimum layout of soil–nailed slopes. 
Computers and Geotechnics, 2008. 35(4): p. 585-599. 

[3]. Singh, V.P. and G.S. Babu, 2D numerical simulations of soil nail walls. Geotechnical and 
Geological Engineering, 2010. 28(4): p. 299-309. 

 ,ش�ده یک�وب یخم� یخ�اک یروانیش� ملک�ردب�ر ع یانتخاب مدل رفتار یرتاث یبررس, یروانیع. ا ,یورقاسمزاده, ح., ا. ابون .[4]
 .: اصفھان١٣٩١عمران یمھندس یالملل ینکنگره ب یننھم

 یننھم� ,یمس�ائل گ�ودبردار یع�دد یدر مدلس�از یرواقع�یغ یباالزدگ یبررس, یم.ج. اصطھبانات ,, م., پ.م. وندیفیپورعف .[5]
 .: اصفھان١٣٩١عمران یمھندس یلالمل ینکنگره ب

[6]. Schlosser, F., The multicriteria theory in soil nailing. Ground Engineering, 1991. 24(9). 
[7]. Jewell, R. and M. Pedley, Analysis for soil reinforcement with bending stiffness. Journal of 

geotechnical engineering, 1992. 118(10): p. 1505-1528. 
[8]. Walls, S.N. and C.A. Lazarte, GEOTECHNICAL ENGINEERING CIRCULAR NO. 7. 2003. 
[9]. Liew, S. and C. Khoo. Soil nail stabilisation for a 14.5 m Deep excavation at uncontrolled fill 

ground. in Proceedings of 10th International Conference on Piling and Deep Foundations, 
Amsterdam, The Netherlands. 2006. 

 یھکولم�ب، خ�اک س�خت ش�ونده واچ اس اس در ش�ب-م�وھر یرفت�ار یم�دلھا یس�ھمقا, یزدان�یم.  ,ی, ع., ع. اردک�انیمجنون .[10]
 .: اصفھان١٣٩١عمران یمھندس یالملل ینکنگره ب یننھم ,شده یخکوبیم یوارھاید یعدد یساز

[11]. Ardakani, A., M. Bayat, and M. Javanmard, Numerical modeling of soil nail walls considering 
Mohr Coulomb, hardening soil and hardening soil with small-strain stiffness effect models. 
Geomechanics and Engineering, 2014. 6(4): p. 391-401. 

[12]. Brinkgreve, R.B., Selection of soil models and parameters for geotechnical engineering 
application, in Soil constitutive models: Evaluation, selection, and calibration. 2005. p. 69-98. 

[13]. Kaliakin, V.N., M. Khabbazian, and C.L. Meehan, Modeling the behavior of geosynthetic 
encased columns: influence of granular soil constitutive model. International Journal of 
Geomechanics, 2010. 12(4): p. 357-369. 

[14]. Rukdeechuai, T., et al., Influence of soil models on numerical simulation of geotechnical works 
in Bangkok subsoil. EIT Res Dev J, 2009. 20(3): p. 17-28. 

[15]. Verghese, S.J., C.T. Nguyen, and H.H. Bui, Evaluation of plasticity-based soil constitutive 
models in simulation of braced excavation. Int J Geomate, 2013. 5(2): p. 672-677. 

[16]. Kim, J., J. Kim, and S. Lee, Analysis of soil nailed earth slope by discrete element method. 
Computers and Geotechnics, 1997. 20(1): p. 1-14. 

[17]. Smith, I. and N. Su, Three‐dimensional FE analysis of a nailed soil wall curved in plan. 
International Journal for Numerical and Analytical Methods in Geomechanics, 1997. 21(9): p. 
583-597. 

[18]. Zhang, M., E. Song, and Z. Chen, Ground movement analysis of soil nailing construction by 
three-dimensional (3-D) finite element modeling (FEM). Computers and Geotechnics, 1999. 
25(4): p. 191-204. 

[19]. Sivakumar Babu, G., B. Srinivasa Murthy, and A. Srinivas, Analysis of construction factors 
influencing the behaviour of soil-nailed earth retaining walls. Proceedings of the Institution of 
Civil Engineers-Ground Improvement, 2002. 6(3): p. 137-143. 

[20]. Plaxis, B., PLAXIS Professional version 8.6. Geotechnical Finite Element Code for Soil and 
Rock Analyses (CD-Rom), Delft, Netherlands, 1988. 

[21]. Unterreiner, P., B. Benhamida, and F. Schlosser, Finite element modelling of the construction 
of a full-scale expexperimental soil-nailed wall. French National Research Project 
CLOUTERRE. Proceedings of the Institution of Civil Engineers-Ground Improvement, 1997. 
1(1): p. 1-8. 

[22]. Brinkgreve, R., E. Engin, and H. Engin, Validation of empirical formulas to derive model 
parameters for sands. Numerical methods in geotechnical engineering (eds T. Benz and S. 
Nordal), 2010: p. 137-142. 

 
 


