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Introduction "

Talren is a software for slope stability analysis of geotechnical
structures which enables the check of various types of works:

» natural slopes,
 cut or fill slopes,
» earth dams and dikes,
Taking into account various types of reinforcements:
» prestressed anchors,
e soil nalls,
» piles and micropiles,
o struts,
e geotextiles,
e geogrids,

» steel and polymer strips.
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Some history...

&
Tunren ‘

2004
"

K Réa
Talren

1991 1997 2003
1 ] ®

2000 ]

Foxta 201‘0

Last Windows version: Talren v5.1.4 December 2015

Pro active sales of TALREN software since1990.
More than 500 licences that 1/2 abroad in approximately 50 countries:

- Korea; UK; Turkey; Lebanon; Algeria; India; Morocco...

Talren: developed together with Clouterre 1991

The part of the French Clouterre recommendations dealing with the design of soill
nailed walls is largely based on the concepts and theories used in the development of
the TALREN software, which is recognized as one of the main design tools for
reinforced soils.
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Input data

2015

Geometry
Soil characteristics

Loads
Reinforcements
Hydraulic conditions

Seismic accelerations
Partial safety factors
Calculation options
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Project geometry S

= Geometry can be complex.

= Model orientation: uphill on the left (failure from the left to the
right).

_
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Soil properties

2015

Compulsory data: v, ¢, Cc, Ac.

e EX m

caes) b, )

Cohesion | Effective [v]

[ Anisotropy =

-
B A,

Curve |—I:neal MI\;/I

|:] Enforce the display of all nail properties

If nails are defined in this layer:

gs nails: unitary skin friction (traction)

pl: limit pressure (shear)
KsB (shear)
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Soil properties >

Options

Cohesion anisotropy

Non-linear curve.
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@i
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Loads

Distributed loads (vertical)
Linear loads (all angles possible)

= Additional moments

2015

Distributed load 2 Dlsl:ribl.ltﬁl:l load 3
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Reinforcements

4 types

Nails
Anchors
Strips

Struts

2015

Traction+Shear
Traction
Traction

Compression
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Interaction soil / nall
Interaction soil / anchor
Interaction soil / strip

No interaction
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Hydraulic conditions

4 options

Phreatic line
Pressures along polygonal failure surface
Mesh of pore pressures

ru coefficients
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Hydraulic conditions 9

r
Paint of intersection for the

ffﬁmﬁlmﬂﬂseﬂclwm
Phreatic line: 5 1
= Water level &

= Base of water table

= External water level

Puaint on the free surface (given)

Fres surface

External water table

External water level: beware !

You should define first your water
level for the whole width of the
model, and then define also an
external water level.
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Hydraulic conditions 9

Pressures along polygonal failure surface

Failure
surface

= Hydraulic conditions should be set
on option « along non-circular failure
surfaces »

= U values should be defined with the
failure surface definition

Failure

(Ug=Uz=0)

= Mesh of pore pressures:
Defined manually
Imported from Plaxis

2015 Introduction to Talren v5_Capabilities 13



Hydraulic conditions

Coefficients ru

2015

Durinqg calculations

Defined for each layer.

Values can be different for each layer
Values = 0 by default (no ru coefficient taken into account in any layer).

| Reset all ru values to zero

1 0,00

Soil layer 1

2

Soil layer 2

0,00

3

Soil layer 3

0,00

In layers where ru # 0: u = ru.g.h

In layers where ru = 0: other existing hydraulic conditions are taken into account. For
example, if a water table is defined, it will be taken into account to calculate u in layers

with ru = 0.

Beware: ru cannot be combined with external water levels.
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Seismic . pseudo-static method

Horizontal and vertical accelerations.

4 signs combinations should be tested.
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Partial safety factors >

Talren enables Ultimate Limit State analysis, taking into
account partial safety factors.

Partial weighting factors

Method fact
Sthod 1actor Partial safety factors

tan C
0) T,t(T,G,T,Q,G)=1,, W"/F]/
¢ c

An additional coefficient I" is included to establish the equality. This coefficient should
be greater than or equal to 1 to ensure equilibrium.

(Ua) r l_‘53 T = Thax
Calculation result: global safety factor
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Partial safety factors

%, Safety factor sets for the project (4)

ECT7 Design Approach 1/2

= for the project (5)

+]al

dard) - Fundamental - Standard

Mame

rn'.r_=,l. nail, ab

r

gsl,nailes

ECY Design Approach 1/2

1,000

1,000

1,000

1,250

1,250

1,400

1,300

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,100

:ode (French standard) - Fundamental - Standard

1,000 Tl 1,400
1,000 St 1,000
1,000 T 1,100
1,250 ol 1,400
1,250 M a.nail

1,400 [ 3.ancher :
1,300 T 1,250
1,000 Mot

1,100 M. 1,100

Tables issued from the

EUROCODE and Clouterre

recommendations
for nailed and mixed
(nailstanchors) structures
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€l € €

€ &

€]
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Calculation options

4 options

Slice methods: Fellenius, Bishop.
Global method: Perturbations.

Yield design method (logarithmic spirals):

detailed in a separate presentation.
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Fellenius and Bishop calculation methods ‘D

Slice methods: Fellenius, Bishop

Equilibre d'une tranche :
{0x:dE+Usinuds +Tcosads =0 (1)

Oy:dT+ocosads -Tsinads =Yhdx (2)

h=z-y(x)
_— dx
cosa
Surface de rupture
potentielle
Moment / M
de dE _
THE 5 {6V = 3)
o (x)
(1) Conditions ' ‘ i 1
_c+(o-u)tg @ , I T (x) 4 fonctions
s e T ( &= F ) E (x) inconnues

(3) limites

e (x)
F
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Fellenius and Bishop calculation methods ‘D

Additional assumptions necessary to solve the system:

Fellenius Bishop

o’ =vh ms‘u+g-lf- sina cosa-u

resisting

F calculation based on moments —— F =

driving
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Perturbations calculation method

Global method: Perturbations (Raulin, Rouques, Toubol, LCPC 1974)
Global method: # slice method

Ol

du
dx
avec n=1 ou 2

O';[a’h OS2t +-— Sinct CoS -u] [Mp(fgof)"]

== 3 @quations
3 inconnues:)\,}j, F

=0y F® +0,F2+0,F+05=0

ﬂ(:?F

Al-1)
p (-0)

All equilibrium equations are satisfied.
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Yield design method >

2015

Developped by Jean Salencon, in the 1980s.

Virtual velocity field (one block mechanism).
Mohr-Coulomb criterion.

Logarithmic spiral: leads to the lowest upperbound value.

F= I_Drm/Pe : IVlrm/Me - |vlm_aximurn resis_tance/MexternaI forces _
M., IS maximum for logarithmic spirals (= upperbound solution).
F is called « failure coefficient » or « trust factor ».

Upperbound value: F< 1.0 = failure; F21.0 = ??

No « slide » surface: velocities are not
tangent to the block boundary;
they are perpendicular to the radius.

The spiral radius depends on the friction
angle: the spiral is indeed composed of
several spiral « pieces » having the same
pole. Discontinuities are possible when
changing layer (if friction angles are
different).
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Yield design method 9

Comparaison with «classical » methods

Exemple
TalusH=7m, p=494"

Couche unique ¢ = 20°, ¢ = 10 kPa
Calcul & Ia rupture

Spirale angle au centre 110°

Calcul sans pondeération partielle
I[y=1.T:=1

Reéesultat: F = 2,39
(coefficient de rupture

2%9
..:4#.
T L
1,00
Lze

Calcul a la rupture
Introduction de la pondération

Comparaison for F =1 Surtamlr etc

. Recherche de XF pour ocbtenir F =1
Introduction of XF P

coefficient Résultat : XF = 1,27
(coefficl ecurité "equivalent" a ceux

calculés par les méthodes de Fellenius,
2015 Bishop ou des perturbationsjien vs_capabiites




Yield design method

Comparaison a une methode traditionnelle

Calcul Bishop

Cercle de mémes extréemités et angle au
centre 110 °

I‘¢=1,Fc=1

esultat : F =E

Publication

“Application du calcul a la rupture aux souténements”, B. SIMON
ENPC — Symposium international ELU/ULS - Paris, Aolt 2006

2015 Introduction to Talren v5_Capabilities
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Yield design method
Critical mechanism for 2"d stage of excavation

Fonctionnalités de recherche étendues

XF=1.34

Calculation method : Yield design
Safety factor set : Unit
“min = 0.99
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Yield design method

Critical mechanism for the last stage of excavation

XE=1.56 " %

XF — 1.27 i "*.'i:i:::.':. 3 oh T

Calculation method : Yield design
Safety factor set : Unit
Fimin = 1.0

Calculation method : Yield design
Safety factor set : Unit
Fmin = 0L99
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Yield design method

2015

XF=2.16

=1.70

Calculation mathod : Yield design
Safety factor s&t - LUnit
Frin = 1,02

\Caleculation method : Yield design
:Safety factor set : Unit

(e LEZ

Introduction to Talren v5_Capabilities
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Yield design method 9

Options available with the Yield Design Method

= Inclined distributed loads can be taken into account.
= Active and passive earth pressures can be evaluated.

= Gabions can be calculated (concavity can be explored upwards and downwards to
find the most unfavourable geometry).

------------

Passive thrust

s .
q Virtual vertical wall
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Failure surfaces 9

Failure surfaces: circular, polygonal or logarithmic

spirals
Search mode: 1st circle for each centre:
Manual search Imposed passage point
Automatic search Smallest radius intercepting slope

Tangent to a given soil layer
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Automatic search

e Automatic search option for

circular failure surfaces:
Talren scans the area for
possible circle centers.

r Situation properties

@ Automatic failure surface

MWumber of intervals
Increment for circle radius (m)
Win abks. for emerg. (m)

Search type

10 =N

T
[mposedpassagepont  [v]

X (m)|

0,550 | ¥ (m)|

24,150 |

Number of surfaces that could be calculated © 2000

2015

01-.39 - 1,81
Calan *2m
®i,59 2,
2 *1,75
35 .o
wian 5
wisn *3,08
it
7,93
1 2,04
w52
*l6s M
el g8
LN
.
4,61
2,01
.
13,32
+

Calculation method : Bishop
Safety factor set : Recomm. géotextiles
Fmin = 1,0647
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Automatic search ‘J

Number of distances = N
Minimum delected during

first scan L

Automatic search of the Number of distances = N

C. . . . (futher distances are
critical circle with imposed notrepresented here)
point for the first

calculated circle

Left model L/2
boundary
Critical
failure
surface

Imposed passage
point (X;Y)

s Right model
Number of radii = N boundary

2015
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Output

Default graphical display of results:

2015

171112015 | English
L

Factor of safety and the most critical failure suface.

Factor of safety for all calculated surfaces

5

30

Calculation method : Bishop
Safety factor set : Recomm. géotextiles
Fmin = 1,0677

Direct creation of geometry

n

m

e

~

r

£l £ 30 ES 4D «[

Project browser

% Project "Géotextiles™ (1)

2

+ @
\ Situation properties
59 1,97 1,62 190 171 1437 1,39 138 129 1w2
+ * * * Detailed output
i
b7 1,93 1,55 188 1,50 138 121 14
H * * * &) Summary () Display settings
$1 .fu 1711 62 1,44 13 .‘,’ZLi J_.2.~ 1,50 183 @ Per surface (@ Per reinforcement D Per slice
h
21 163 LSt 137 1,40 1,20 150 175 2J1
. . . . . . B
! 198 23,500/ 22,500 16,400 5050,1793| 1,2432 1,1558 1,9929|
‘:3 :.ﬂ? 1,54 1,98 138 :25 1,07 167 219 261 199 23,500/ 22,500, 15,800 4087 2650 1,2506| 1,1622 22855
i 200 25,500 22,500| 18,55013101,26. 1,0153 09674 1,3886|
07 191 264
* * If‘ 2m 25,500 22,500| 19,050/11343,67. 1,018 0,9629 1,3983|
“EU 288 3m1 b 202 25500 22,5000 1855097344630  1,0034 09580 14997
v P
| [ 203 25500 22500 18,050 8267,7990(  1,0050( 08553 1,8895)
i
b 1,32 240 312 461 )
M * !
! ; 205 27,500/ 22,500 20,770/16230,00. 0,8704 0,837¢ 1,3756|
1,56 4,59 [
= R : . 206 27,500/ 22,500 20,270/14158,56. 10,8636 0,8310 1,4335
E 207 27,500/ 22,500| 18,77012249,94. 10,8565 0,8243 1,4055|
208 27,500 22,500| 19,27010500,15. 0,8493 08175 1,6067|
209 27500 22500 18,770 89039768 03418 08114 19518
210 29500 22500  22,530/2196543 07727 07436 12492
211 29500 22500  22,030/19384,75, 07636 07407 1,3575
212 29,500/ 22,500 21,530/16988,98. 0,7552 0,7317| 1,4600|
213 29,500/ 22,500 21,03014772,76. 0,7466 072358 1,6325
214 29,500/ 22,500| 20,530/12730,76. 0,7377| 07158 18071
216 31,5000 22500  23,330/22480,47 06203 08635
217 31500 22500  22,830/19749,58 06711 08549
218 31,500 22500  22,33017216,85 06617 058481
219 31,500 22,500 21,830/14875,92. 0,6519 06375
220 33,500 22,500 24,150/22362,32. 0,6042 0,5922
2 33,500 22,500| 23,650/19508,20. 0,5844 0,5833
222 33,500 22,500| 23,150/16864,42. 0,5842 0,5745
223 335000 22500  22,650/1442710. 05738 05655

[Memory use - optimal

| Temasol |Network license

111:02:82 - all tasks have been
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Detailed output

Complementary options
Forces in reinforcements

Detailed results per slices

- Situation properties

() Summary (2) Display settings

() Per surface (Z) Per reinforcement | (@) Per slice

1 0210 10460 11810 11100 22000 21,110 4 opon o o000 8270  4,030(~
2 0210 10250 117200 11000 25800 19700 4/ 0,000 n,mn| 0,000 10,990 4,31n|-/
e —— 3 02100 10350 115400 1,080 29700, 18,650 4 oooof ooo0f opooof 12800 00|
(" Back ) Forcesin 4 0,210 10440 11,350 1,080 33800 17,820 4 o000 oo00f opo00 14840 6400
- 5 02100 10540 11470 1,080 37,500 17,150 4 0,000 n,oon| o000 16,510 7,220'
D Summary D) Display settings
) TeraryEEs B | @ Persiice [ 0,210 10,640 10,990| 1,070 41,300 16,580/ 4] 0,000 D,'qu 0,000 18,410 B,DSDI
T 02100 10,740 10,8000 1,060 451000 16,100 4/ 0,000 n,mn| 0,000
= sli
f ices curve
." = R PR
|Strip 1 3,190 54,550 1
200
5trip 2 2,380 54,550 1
5trip 3 1,620 54,550 1 180
Strip 4 0,960 54,550 1 T
IStrip 5 0,360 49,750 2
|Strip & 0,000 0,000 0 140
5trip T 0,000 0,000 0 En
|Strip & 1,280( 37,880 1 E
|Strip 9 0,340/ 37,380 1 =£ 100
Strip 10 0,430 37,380 1 20
Strip 11 0,050 5730 2
IStrip 12 0,000 0,000 o 60
IStrip 13 0,000 0,000 0 a0
Strip 14 0,000 0,000 i
Strip 15 0,000 0,000 0 =
Strip 16 0,000 0,000 [t a
Strip 17 0,000 0,000 d 11 1z 13 14 15 16 17 12 1g 20 21 22 23 24 25
IStrip 18 0,000 0,000 0 *
Strip 19 0,000 0,000 0
strip 20 0,000 0,000 E | SIG-TOT TAU _1_ u|
|Strip 21 0,000 0,000 0 .- . ——
|Strip 23 0,000 0,000 0 Metwork license 11:08:18 : All tasks have been completed.
| Metwork license |11.:08:18 : Al tass have been

2015
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