
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


Analysis of wall displacement and tensile force of soil nailed systems in ground 
excavations

Analyse du déplacement et la traction du système de sol cloué aux terrassement

C.K.Lee —  Department of Civil & Environmental Engineering, Dankook University, Seoul, Korea
S.K. Jeon —  Department of Civil Engineering, Yeojoo Institute of Technology, Yeojoo, Korea

ABSTRACT: Soil nailing type o f retaining structures has been widely constructed in Korea for the purpose o f the temporary and 
permanent support in excavations and slope stability. The important factors in application o f the soil nailing systems in urban 
excavation site nearby the existing structures are the displacement o f the wall and tensile force o f the nails, etc. In this paper, 
numerical analysis are carried out at 11 excavation sites to investigate the behavior o f the soil nailed walls, the maximum tensile force 
of nails to the final excavation depth and back ground extension zone, in the multi-layered strata including various rock layers. Also 
the effects o f nail length are analyzed. On the other hand, measurements have been performed in order to compare with the results of 
the numerical analysis.

RÉSUMÉ:Le sol cloué, le type d ’ouvrages renforcés, a été largement construit en Corée pour les supports temporaires et permanents 
aux terrassements et pour la stabilité de la pente. Les facteurs importants en application du système du sol cloué du site urbain proche 
d’ouvrage existant aux terrassements sont le déplacement des murs et la traction des clous, etc. Dans cet article, les analyses 
numériques sont apportées aux 11 sites aux terrassements pour étudier le comportement des murs en sol cloué, la traction maximale 
des clous aux profondeurs finales aux terrassements et la masse en extraction et en les couches multiples ayant les roches différentes. 
Les effets de la longueur des clous sont également étudiés. Les mesures sont réalisées pour comparer les résultants obtenus avec 
l’analyse numérique

1 INTRODUCTION

Th The soil nailed wall is one of the useful support system in 
urban excavation o f the presence o f other structures in the 
vicinity, because o f the readily adaptability to different sites.

The basic concept o f the soil nailing are reinforcing the soil 
mass by the introduction o f passive bars and also to resist 
bending and shear force developed the skin friction between the 
soil and nails, especially to control the displacement o f the walls.

However, there are a few data in the case o f multi-layered 
soil strata including rocks such as Seoul metropolitan and 
Kyong-gi province area in Korea.

In this paper, finite difference analysis are carried out at 11 
excavation sites to investigate the behavior o f the soil nailed 
walls, the maximum tensile force o f nails to the final excavation 
depth and the extension zone o f ground behind the wall, in the 
multi-layered strata including various rock layers. Also the 
effects o f nail length are analyzed.

On the other hand, measurements have been performed in 
order to compare with the results o f the numerical analysis.

Ground was excavated about 0.5m without berm at location 
o f nail being installed or with berm o f 2D 5m at each steps. 
Facing was made of welded wire mesh and shotcrete(t= 150mm) 
and the retention walls composed o f the H-pile+C.I.P+L.W were 
constructed below the level o f the final excavation depth at the 2 
excavation sites for reinforcement and water cutoff purpose. 
Nails were ribbed bar o f HD-25mm or HD-29mm and were 
placed at an inclination o f 15°D 25°to the horizontal, and the 
inclination was adjusted if obstruction was present in the ground. 
The borehole radius is 100mm and the inside o f it was grouted 
with cement paste(pck = 210kg/cD ) to unify nail and ground. 
And also weep hole are installed per 6m2n  8m2 before 
excavation.

In order to check the stability o f wall and adjacent structures, 
inclinometer, strain gauge and ground water level apparatus 
were installed, and reading were performed 20 3 times per week 
during construction period. The inclinometer casings were 
located at about lm  behind the wall and installed 2.0mD4.0m 
deeper than the final excavation depth, and measured more than 
once at each excavation steps. To measure the developed tensile

2 S SITE CONDITIONS AND NUMERICAL MODELLING

2.1 Site conditions

The characteristics o f sites are typical urban areas which used 
the advantage of soil nailing method because o f ;

-.the boundary o f adjacent land being near.
-.the difficulty to construct earth anchor due to existing 

structures.
-.complex geometry of excavation plane.
-.ground loss being large when retaining wall is constructed 

on slope.
The construction step o f soil nailed wall is proceeded in the 

order o f excavation, nailing and facing.
The multi-layered ground of the site consists o f fill, residual 

soil, weathered soil, weathered rock, soft rock, and hard rock, 
generally located in Korea. Figure 1. Cross section and soil profile o f  site
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Figure 2. Numerical analysis modelling

D isplacement mm) Dis placamenti mm)

Excavation depth(H)/Flnal excavation depth(Hf)

(a) numerical analysis

force o f nail, vibrating wire strain gauges were installed 
1.5mG2.0m intervals along the length of nails.

2.2 Numerical modelling

The horizontal displacement o f soil nailed wall and the tension 
developed in nail for each site conditions are calculated by using 
FLAC program o f the finite difference method.

In numerical analysis, the ground behavior is assumed 
depending on the Mohr-Coulomb criterion and the shotcrete 
stiffness o f facing is applied to elastic modulus o f concrete, and 
the nail is simulated cable element which can be transferred to 
axial force.

The typical modelling o f section in numerical analysis is in 
Fig.2, analysis are performed stepwise excavation, and the effect 
o f ground water was not considered because o f drainage.

3 THE MAXIMUM HORIZONTAL DISPLACEMENT OF 
THE WALL

3.1 The maximum horizontal displacement at stepwise 
excavation

The horizontal displacements o f soil nailed wall at final 
excavation depth are shown in Fig.3 both the results of 
numerical analysis and measurements. And also the maximum 
horizontal displacements at stepwise excavation depth by 
numerical analysis are plotted on Fig.4(a).

The maximum horizontal displacements o f the wall increased 
as the excavation depth increases and reached up to 0.3% of the 
excavation depth(H), however, the small difference o f the 
displacements are caused by the soil layer thickness and site 
conditions.

Considering the ratio(L/Hf )o f nail length(L) to the final 
excavation depth(Hf), in the case o f above 0.5, the maximum 
horizontal displacements increases linearly as excavation depth 
increases.

In the case o f below 0.5 L/Hf ratio, it is shown that the 
maximum horizontal displacements are larger than that o f above 
case. These results are not the effect o f L/ Hf ratio but due to a

0.2 0.4 0.6 0.8 1.0

Excavation depth(H)/Final excavation depth(Hf)

(b) measurement 

Figure 4. Maximum horizontal displacements.

deep excavation depth o f about 31m and it is coincided with 
measurement in Fig.4(b).

Furthermore, when the reinforcing wall o f H-Pile+C.I.P 
+L.W are installed, the maximum horizontal displacements are 
shown below 0.2% o f excavation depth as in Fig.4.

If  earth anchor or strut are installed, in this case, the shape of 
the horizontal displacements are parabolic and the point o f 

maximum horizontal displacement moved towards the lower 
part o f the wall as published by Lee et al( 1993).

As a results, the point o f the maximum horizontal 
displacement occurred in the upper part o f the soil nailed wall 
with excavation process.

On the other hand, the maximum horizontal displacement 
increased at about 0.3%H rate considering only the soil strata in 
the multi-layered ground as the excavation depth increased 
(Fig.5), which is similar to the case o f including rock in Fig.4.

0.2 0.4 0.6 0.8 1.0 1.2

Excavation depth(H)/Final excavation depth(HI)

(a)numerical analysis

Figure 3. The horizontal displacement o f  soil nailed wall at final 
excavation depth, (numerical analysis and measurements)

Excavation Depth(H)/Flnal excavation depth(HI)

(b) measurement 

Figure 5. Maximum horizontal displacements in soil layer.
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These results could be considered that the horizontal 
displacement occurred in soil layer at the beginning of 
excavation has affected until the final excavation step.

3.2 The extension zone of ground

The wall deformation caused by excavations in soil nailed 
system is shown in Fig.6.

The extension zones o f ground are estimated using the 
measurement data o f horizontal displacement by numerical 
analysis.

On the other hand, the distance(D ) o f the extension zone of 
ground behind the facing are as follows(project CLOUTERRE, 
1991)

□ = Hf (1-tanD )□ (1)

where, □  =the coeffic ien t o f  the exten sion  zone, 
where, Go = horizontal surface displacement behind the wall; Qh = 
horizontal displacement o f  the top o f  facing; □ v = vertical displacement 
of the top o f facing; □ = distance o f the extension zone o f  ground behind 
the wall; □ = inclined angle o f  wall at the final excavation depth; L = 
length o f nail; Hr = final excavation depth

3.2.1 The inclined angle of the wall
The angle □ =tan-l(D h/H f ) which constitutes the final 
excavation depth(Hf) and the horizontal displacem ent^ h) o f the 
top of the wall is the inclined angle o f the wall, these are 0.04°to 
0.25°as plotted in Fig.7 both analytical and measuring results.

inclined angle of walKÆ ")

Figure 7. The inclined angle o f  the wall at the final excavation depth.

Final excavation deolh(H. m)

Figure 8. Distance o f  the extension zone.
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Figure 9. Variation o f  coefficients o f  the extension zone due to the 
thickness o f soil layer

3.2.2 The distance of the extension zone
In order to identify the influence of ground extension due to 
horizontal displacement o f the wall in the multi-layered ground, 
numerical analysis are performed based on the horizontal 
displacement o f measurement data. The correlation between the 
final excavation depth(Hf) and the distance o f the extension 
zone(D) is about □ □ 0.95 Hf as in Fig.8.

3.2.3 The coefficient of the extension zone
The coefficients o f the extension zone(D) in equation (1) 
proposed by project CLOUTERRE are also investigated.

The coefficients o f the extension zone are between 0.83D
1.05 as in Fig.9 in these cases.

On the other hand, the coefficient o f the extension zone(D) 
were below 0.95 in the case o f the ratio o f the soil layer 
thickness(Hs)/the final excavation depth(Hr) less than 0.5 but 
increases as the rate o f the thickness o f soil layer increased in 
multi-layered ground including rocks. These tendency are 
converged around the value o f 1.05 as in Fig.9.

Compare to the coefficient o f the extension zone for rock(0.8), 
sand(1.25), and clay(1.5) proposed by project CLOUTERRE, the 
coefficients o f rock strata are 0.85, and that results are almost 
coincided with the results o f the project CLOUTERRE, but the 
coefficients o f soil layer were showed 1.05, that are smaller than 
the CLOUTERRE's value.

The coefficients o f the extension zone varies due to the 
thickness o f soil layer in the case o f multi-layered ground 
including rock. As the results o f Fig.9, it is advisable to predict 
the coefficient o f the extension zone o f multi-layered ground 
including rocks.

4 TENSILE FORCE OF NAIL

4.1 Maximum tensile force

The ratio(=Tmax/TDy) between maximum tensile force of 
nail(Tmax) and the yield tension o f nail(TOy) at the final 
excavation depth is shown in Fig. 10 to compare with the data of 
the numerical analysis and measurements.

The maximum tensile force o f the nail reached up to 
respectively 20% and 40% of the yield tensile force at the final 
excavation step both in numerical analysis and measurements. 
The results o f the numerical analysis are less than about 50% of 
the measurement ones.

Final excavation depth(Hl.m)

Figure 10. The ratio(Tmax/TOy) at the final excavation depth.
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Figure 11. Potential failure surface and distance o f  active zone 
(analytical and measurement)

It could be presumed that these results are caused by retained 
ground water, the thickness o f soil layer, workmanship, and etc.

4.2 Potential failure surface

When the potential failure surface is assumed as a line made up 
the point o f the maximum tensile force o f each nails, the 
potential failure surface could be proposed by a parabolic shape 
in Fig. 11 as shown in project CLOUTERRE, the mass is divided 
into an active and passive zone, and the distance o f active zone 
is estimated from the surface o f wall to the potential failure 
surface.

The distance o f active zone determined based on analytical 
and measurements data, increased as the final excavation 
depth(Hf) increased, and are Ln=0.27 H p  0.44 Hf and L(=0.44 Hf
□ 0.83 Hf respectively as shown in Fig. 12.

These results are within the range proposed by the project 
CLOUTERRE and Cartier & Gigan(1983) which were 0.3 Hf 
and 0.5 Hf respectively, however, the values of the measurement 
were larger than that o f values.

It could be presumed due to neglecting the effect of 
workmanship, retained ground water, etc. during the 
construction period of nails.

4.3 Distribution of maximum tension in profile

The maximum tensile force(Tmax) in nails is expressed as non- 
dimensional parameter K. o f equation (2 ) which is proposed by 
project CLOUTERRE and Cartier & Gigan, and K with relative 
depth of z/ Hf is plotted in Fig. 13.

K  =  Z m a x . - C O S f l  ( 2 )

r - z - s v - s h

where, Tmax = maximum tension; □ =  inclination o f  nails with respect 
to the horizontal ; y Z = overburden pressure above the point o f  
maximum tension; Sv, Sh = vertical and horizontal spacing between 
nails

From the result o f numerical analysis as shown in Fig. 13(a), 
if the L/ Hf ratio were above 0.6, the value o f K from ground 
surface to 0.4 Hf were less than 0.6 and decrease linearly from
0.4 Hf to the final excavation depth.

Final excavation depth(Hi.m)

Figure 12. Distance o f  active zone at the final excavation depth
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Figure 13. The value o f  K in relationship to depth

If  the L/ Hr ratio is below 0.6, the value of K from ground 
surface to the final excavation depth(Hf) decrease linearly and 
were considerably smaller than the case of above 0.6. It can be 
predicted that these results are caused by displacements.

On the other hand, the measurements are plotted in Fig. 13(b), 
the value of K from ground surface to 0.6 Hr was less than 0.8, 
and decreased linearly similar to the result o f numerical analysis, 
but it was shown not to be effected by the L/ Hf ratio.

These results are coincided with the research by 
Schlosser(1982), Cartier-Gigan(1983) and Plumelle(1990) that K 
value decrease linearly in relation to depth.

The difference o f K value, however, are caused by the 
conditions of the ground between the multi-layered strata 
including rocks and homogeneous single layers

5 CONCLUSION

The behaviors o f the soil nailing system such as the maximum 
displacement o f the wall, the distance and coefficient o f the 
extension zone behind the wall are investigated by numerical 
analysis and monitoring data in multi-layered strata including 
various rocks.

The displacements o f the soil nailed wall are almost similar to 
both results, however, the tensile forces o f the nails are shown 
slight differences in these case.

On the other hand, the tendency o f the nailing systems in the 
multi-layered case is almost coincide with that o f the 
homogeneous layered one but affected the soil layer thickness to 
the final excavation depth, therefore, further research for the 
behavior o f the nailing systems in the multi-layered strata would 
be recommendable.
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