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 Context : Soil nail ing and PROSPER software

 Centrifuge modeling of soil-nailed walls

 Finite element parametric study
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 Conclusion
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Clouterre, 1991

A specif ic type of reinforced
soi l (cf P. de Buhan)

Soil-nai led walls are not
MSE walls.

The nails are passive
anchors, activated by the
excavation of next l i fts.
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DubIin glacial t i l l , Menkiti and Long, 2008
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 Distinguish driving forces and resist ing strength
 State that equil ibrium must be compatible with strength
 Derive constraints from this condit ion
 Optimize to tighten the constraints
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What about the nai ls ?

In common sofwares,
homogenisation and multiphase
models are not very often used.

General approach is mixed
modell ing where efforts
considered in nai ls are N,V,M
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What about the nai ls ?
 « Multicr iterion »
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 Idea : toggle the mobil ization of nai ls
by considering a displacement of the
fai l ing mass

 Integration of beam equations

 Efforts in the nails used to write the
l imit analysis constraints

 Not a kinematic method !!
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 Integration of beam equations

 Beam equation can be integrated unti l
the facing

 Loads on the facing can be estimated
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 Loads on the facing can be estimated ??
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C o m p a r i s o n w i t h l i t e r a t u r e
( C l o u t e r r e , B o d e n v e r n a g e l u n g )
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Tension of  the bottom nail very high … 
but no further l i ft  activates it !

In order to improve the PROSPER Method,  one need to 
introduce a non homogenous mobil isation of  nai ls
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Which shape for the function δ ?

Need for  a better understanding of nai ls mobil isation

 Use of  centrifuge modeling
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 Inf l ight excavation diff icult but crucial
to respect construction phasing

Wrapping of geotexti le around
the axis of a motor

(soi l = dense Hostun sand HN38)

Context Centrifuge FEM Study Adaptation Conclusion



34SYMPOSIUM COULOMB 
PARIS, SEPTEMBER 25 & 26, 2023

C e n t r i f u g e m o d e l i n g

Relevance of physical model ?

 In the soil mass, simil itude of
phenomena observed is warranted
by the respect of scal ing laws.

 Around nails, very l imited number
of grains  scal ing laws not
warranted

Mini pul l out tests
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Stanier et al . , 2015
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Also al lows to compute strains
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τ

y
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Comparison of normalised head nai l tensions
between FE model and centrifuge model
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Length of nails (m)
Height

(m)

4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10.5

6 0.66 0.83 1

7.5 0.6 0.73 0.86 1

9 0.56 0.66 0.78 0.89 1

10.5 0.62 0.71 0.81 0.9 1
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B/H = 1

B/H ~ 0,6



48SYMPOSIUM COULOMB 
PARIS, SEPTEMBER 25 & 26, 2023

F i n i t e E l e m e n t s s t u d y

Parametric study on the 
s lenderness ratio B/H

Transit ion from round
shape to pear shape

Consistent with
l iterature
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B/H = 1

B/H ~ 0,6

B/H = 1

B/H = 0,5
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𝛿𝛿 ∝ 𝑇𝑇𝑟𝑟𝑟𝑟𝑟𝑟 =
𝑇𝑇ℎ𝑟𝑟𝑒𝑒𝑟𝑟

𝐾𝐾𝑒𝑒γ𝑆𝑆𝑣𝑣𝑆𝑆ℎ 𝐻𝐻 − 𝑧𝑧
∝

𝑇𝑇ℎ𝑟𝑟𝑒𝑒𝑟𝑟
𝐻𝐻 − 𝑧𝑧
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 Mobil isation of  nai ls can be characterised by the « distance » 
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𝛿𝛿 ∝ 𝑇𝑇𝑟𝑟𝑟𝑟𝑟𝑟 =
𝑇𝑇ℎ𝑟𝑟𝑒𝑒𝑟𝑟

𝐾𝐾𝑒𝑒γ𝑆𝑆𝑣𝑣𝑆𝑆ℎ 𝐻𝐻 − 𝑧𝑧
∝

𝑇𝑇ℎ𝑟𝑟𝑒𝑒𝑟𝑟
𝐻𝐻 − 𝑧𝑧

Shape known to be a function of B/H
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𝑇𝑇ℎ𝑟𝑟𝑒𝑒𝑟𝑟 ∝ 𝑎𝑎
𝑧𝑧
𝐻𝐻

3
+ 𝑏𝑏

𝑧𝑧
𝐻𝐻

2
+ 𝑐𝑐

𝑧𝑧
𝐻𝐻

+ 𝑑𝑑

Third order polynom needed to capture the 
transit ion between round and pear shape

𝑎𝑎 = 18.5 − 13.8 ⁄𝐵𝐵 𝐻𝐻
𝑏𝑏 = 21.3 ⁄𝐵𝐵 𝐻𝐻 − 32.9
𝑐𝑐 = 15.6 − 7.8 ⁄𝐵𝐵 𝐻𝐻

𝑑𝑑 = −0.5
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𝛿𝛿 ∝
𝑇𝑇ℎ𝑟𝑟𝑒𝑒𝑟𝑟
𝐻𝐻 − 𝑧𝑧

𝑇𝑇ℎ𝑟𝑟𝑒𝑒𝑟𝑟 ∝ 𝑎𝑎
𝑧𝑧
𝐻𝐻

3
+ 𝑏𝑏

𝑧𝑧
𝐻𝐻

2
+ 𝑐𝑐

𝑧𝑧
𝐻𝐻

+ 𝑑𝑑,

𝑎𝑎 = 18.5 − 13.8 ⁄𝐵𝐵 𝐻𝐻
𝑏𝑏 = 21.3 ⁄𝐵𝐵 𝐻𝐻 − 32.9
𝑐𝑐 = 15.6 − 7.8 ⁄𝐵𝐵 𝐻𝐻

𝑑𝑑 = −0.5



57SYMPOSIUM COULOMB 
PARIS, SEPTEMBER 25 & 26, 2023

B a c k t o P R O S P E R Context Centrifuge FEM Study Adaptation Conclusion

The previous relation is based on a FE parametric study where
soi l parameters where fixed.

 A new parametric study has been carr ied out by varying B/H 
as well as  the relative st i ffness of the soi l defined as :  

𝐸𝐸𝑠𝑠𝑟𝑟=
𝑆𝑆ℎ𝑆𝑆𝑣𝑣
𝐴𝐴𝑎𝑎

𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐸𝐸𝑎𝑎

To characterize the shape of the facing loads,  we introduce :  

𝐼𝐼𝑝𝑝𝑟𝑟=∫𝑧𝑧=0
𝑧𝑧=𝐻𝐻 𝑇𝑇

𝑇𝑇𝑚𝑚𝑎𝑎𝑚𝑚

𝑟𝑟𝑧𝑧
𝐻𝐻

= � 0,5 𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑖𝑖𝑎𝑎𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑎𝑎𝑡𝑡
1 𝑖𝑖𝑖𝑖 𝑎𝑎𝑡𝑡𝑡𝑡 𝑡𝑡𝑎𝑎𝑖𝑖𝑡𝑡 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑒𝑒𝑡𝑡𝑎𝑎𝑡𝑡
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𝐸𝐸𝑠𝑠𝑟𝑟

𝐼𝐼𝑝𝑝𝑟𝑟

𝐵𝐵/𝐻𝐻
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+ reference equation

𝐸𝐸𝑠𝑠𝑟𝑟

𝐼𝐼𝑝𝑝𝑟𝑟

𝐵𝐵/𝐻𝐻

𝛿𝛿 ∝
𝑇𝑇ℎ𝑟𝑟𝑒𝑒𝑟𝑟
𝐻𝐻 − 𝑧𝑧

𝑇𝑇ℎ𝑟𝑟𝑒𝑒𝑟𝑟 ∝ 𝑎𝑎
𝑧𝑧
𝐻𝐻

3
+ 𝑏𝑏

𝑧𝑧
𝐻𝐻

2
+ 𝑐𝑐

𝑧𝑧
𝐻𝐻

+ 𝑑𝑑,

𝑎𝑎 = 18.5 − 13.8 ⁄𝐵𝐵 𝐻𝐻
𝑏𝑏 = 21.3 ⁄𝐵𝐵 𝐻𝐻 − 32.9
𝑐𝑐 = 15.6 − 7.8 ⁄𝐵𝐵 𝐻𝐻

𝑑𝑑 = −0.5
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+ reference equation

𝐸𝐸𝑠𝑠𝑟𝑟

𝐼𝐼𝑝𝑝𝑟𝑟

𝐵𝐵/𝐻𝐻

𝛿𝛿 ∝
𝑇𝑇ℎ𝑟𝑟𝑒𝑒𝑟𝑟
𝐻𝐻 − 𝑧𝑧

𝑇𝑇ℎ𝑟𝑟𝑒𝑒𝑟𝑟 ∝ 𝑎𝑎
𝑧𝑧
𝐻𝐻

3
+ 𝑏𝑏

𝑧𝑧
𝐻𝐻

2
+ 𝑐𝑐

𝑧𝑧
𝐻𝐻

+ 𝑑𝑑,

𝑎𝑎 = 18.5 − 13.8 ⁄𝐵𝐵 𝐻𝐻
𝑏𝑏 = 21.3 ⁄𝐵𝐵 𝐻𝐻 − 32.9
𝑐𝑐 = 15.6 − 7.8 ⁄𝐵𝐵 𝐻𝐻

𝑑𝑑 = −0.5
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Appl ication to a real  wal l
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 Use of  a method derived from limit equi l ibrium
analysis

 Considerations on the relative mobil ization of 
nai ls

 Improvement of the PROSPER Method regarding
the design of  facing

 Considering the construction phasing in the 
design of  geotechnical structures is promising,  
especial ly when passive anchors are involved



63SYMPOSIUM COULOMB 
PARIS, SEPTEMBER 25 & 26, 2023

C o n c l u s i o n s Context Centrifuge FEM Study Adaptation Conclusion

 Use of  a method derived from limit equi l ibrium
analysis

 Considerations on the relative mobil ization of 
nai ls

 Improvement of the PROSPER Method regarding
the design of  facing

 Considering the construction phasing in the 
design of  geotechnical structures is promising,  
especial ly when passive anchors are involved



64

SYMPOSIUM COULOMB 
PARIS, SEPTEMBER 25 & 26, 2023

64

Thank you for your attention !
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