TSLOPE — how to analyse a slope for noncritical slip surfaces

TSLOPE is a 2D and 3D limit equilibrium analysis program used for slope stability analysis.

This example of the use of TSLOPE shows how we can locate critical slip surfaces using a search
methodology, and show the difference in 2D and 3D analysis of the same slope.

The example is from Chapter 14 Important Details of Stability Analyses, of Duncan et al. 2014.1
They state:

In some cases the slip surface with the minimum factor of safety may not be the slip surface of
greatest interest. For example, the minimum factor of safety for the embankment shown in Figure
14.7is 1.15. This factor of safety corresponds to an infinite slope failure in the cohesionless fill. Also
shown in Figure 14.7 is a deep circle that has a factor of safety of 1.21, which is higher than the
factor of safety for the shallower, infinite slope slip surface. However, if sliding occurred along the
deep circle, it would have a far more severe consequence than slope ravelling on the shallow infinite
slope surface. Ravelling of material down the slope might, at the most, represent a maintenance
problem. In contrast, failure along the deeper surface might require reconstruction of the
embankment. Consequently, the deeper surface and the associated factor of safety of 1.21 would be
considered unacceptable, while a factor of safety of 1.15 for the shallower, critical slip surface might
be acceptable.

F=1.15 $p'=30°¢c'=0 19 t
) v =124 pcf
5, =500 psf (¢ =0) ha Deep circle 15 ft
vy =98 pcf F=1.21

Figure 14.7 Slope with shallow critical slip surface and deeper. locally critical circle.

We have used Scribe? to capture the workflow that shows how the slope model is entered into
TSLOPE, and how the stability analyses are carried out to set up the search for the infinite slope and
Deep circle slope cases shown on Figure 14.7. We used Spencer’s method for all analyses shown in
this example.

We enter the geometry of the slope by four points on the ground surface (our Top surface). This
simple 2D geometry is automatically extruded to a 3D Extruded Section. There are three layers, fill
(19 ft thick), clay (15 ft thick) with underlying rock. We define the top of clay and top of rock with
horizontal planes that complete the TSLOPE model. Appropriate material properties are assigned to
each layer.

1 Duncan, J.M.; S.G. Wright; T.L. Brandon 2014 Soil strength and slope stability. John Wiley & Sons, Inc. 317pp
2 https://scribehow.com
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Boundary lines
\nnotations
= glay

Zones

Valurmes

Maptek

Drillholes

Loads
Reinforcement
Cross-sections

Slopes

Layer 1

63 Click "Add plane..."

R TIEE Y
Boundary lines
Annotations

Layer Surface

Show all

Hide all

Add Extruded Section...
Add Cloud of points...

Add Surface file impert...
Add Pla=

Layer Surfaces

A Layer surface allows material propenies to
be defined as |ayered strata.

The layer surface defines the top of the extent
of the assigned material properties; the
material properties are assumed to be
constant below this layer surface, until
another layer surface is encounterad.
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64 Change Label

» Clay

L=z Layer Plane 2

Lones
Velumes
MMaptek
Drillholes
Loads
Reinfercement
Crass-sechions W
Layer 2
=t Layer Surface Plane fa
Label Lanyer Plan
Twpe Plane
Fole Layar Surface
lza Diﬁ:uniinuii;,-:" ]
Material Cefill
=i Geometry
I5 locked B
=l Centre point (B0, 0, 15) §
Unif mormal vector

65 Type "rock"

et Clay

L Layer Plane 2
Zones
Volumes
MMaptek
Driflhales
Loads
Reinfercement

Crass-sechiant W

Layes 2
=1 Layer Surface Plane .ﬁ
ra
FPe Plant
Fole Layer Surface
Iz & Diseantinuity? ]
Material o ill
=l Beomelry
s lecked E

£l Centre point (64, 0,

Ln

Unig mormal vector
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66 Assign Material "rock" to the layer

Cross-sections W
Layﬂ'z
=l Layer Surface Plane #
Label rock
Type FPlane
Rl Layver Surface

I5 & Discantinuity? |

= 'L:-t'uu:ll:tllf

Iz lechoed
ol Ce & point
o £+
LInig mormal ve D
["l:'.' angle (deg L
Dip beanng [deg) L b
Aedding Layer Surface Plane surface o

Fimished adding Plane [Layer Surface)

L S| [EmEr TR

67 Unlock plane geometry

Layer 2

= L.'|:,-'r'|' Surface Plane La)
[ -\'
Label reck
Type Plane
Fale Layer Surface

Iz a Discontinuity? H

s e 3 »

=l Geometry
Is locked

LF Centre point 7 13) ft

A oo f

Y O

z I {:'
=i Unit normal vector 0 =

0
Y ;
7

Dip angle (deqg)

Dip beanng {deg) g W
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68 Change Z coordinate of Centre point to "0"

LPO55-SECTIGNE ]
Layer2
pe Plane Ll

Rele

I5 @ Discontinuity? (|

Material & rock
=1 Geomet Ty
I5 lecked (|
| Centre point (B0, 0, 15) £
X EQft
¥ Dt

=l Unit normal vecter oo 1)

= ]
Y ]
Fal 1

Dip angle (degq) 0"

[ip beanng (deg] o

| Size
1 E2.9425 ft <
2 62,9425 ft w
Aedding Layes Surface Plane suface A

Finished adding Plane Lhayer Surtace) af o [ Rennrt Snanchate |

69 Change plane size

Centre point (60, 0, 0) ft A
x BOft
Y Dt
z ]

=l Unit normal vecter o0 1

X ]
Y ]
Pl 1

Dip angle {deq) 0"

Dip bearing (deg) 0

Gaze
1 £2.8425 £t
2 G2.8425 ft

= Bownding Box
=l Surface style

Colour ] 160,760,160

Use bdaterial Colour?

Cpacity 100

Surface representation  Surface v
Bdding Layer Surface Plane surface a

Finished adding Plane (Layer Surface)
i 3D Geormetry l Repart Snapslutrl::.J
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70  Type"100"

Y Oft
Z 0ft
- Unit normal vector 00mn
by 4]
¥ 0
z 1
Dip angle (deg) or
Dip bearing (deg) 0"
=l Size
1 120t

+ Bounding Box

=l Surface style

Colour [ 160.180,160)

Use Material Colour? £

Opacity 100

Surface representation  Surface W |
Adding Layer Surface Plane surface A

Finished adding Plane (Layer Surface)

w | 30 Geometry | Report Snapshots I

71  Lock plane geometry

Zones
Yolumas
Mlypdek
Dritholes
Loads I
Heinforcement

Cross-sections - '3 D II”

Lager 2 |

ks
Label T - 25 |

Is.al.'la:-:-:rhnum': E;. . .115

azerial 2 ik
= eamedry 1{}
It locked
- Centre poing IR 5
X HiR
f o
Z on U
= Ueat nomal vt 0o )
% 0 ~
¥ 0
z 1
Cip angle{deg) o
Do bearing [deg) o
=
1 1200 L

Tddng Layer Sertace Flara surfare
Snished adding Plane (Layer Surlsce)

-

w| 30 Gegmatry | Repert Snapshom |
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72  Perspective view of extruded slope model

73  Click "Cross-sections"

FRreatc
Geo-irnages
Enundary lines
Annotations
w iy Layers
P \-I.cl:\.-
e
Zones
Volumes
Paptek
- Drillholes
3 Loads
' Reinforcement
Cross-sections w
Layer 2
Label rack #
Type Plane
Role Layer Surface

Is & Discontinuity? O

Material 2 rock
=i Geometry
|5 lecked

=l Centre point CRCL, 0, O ft
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74  Click "Add cross-section..."

Lll.lulluﬂl_'f misx
Annotations
w Layers
- clay
[
Jones
Volumes
IMaptek
- Drillhales
3 - | Loads
Reinfaercement
Cross-sp—tinn-

: Cros-sections
Cross-sec A cross-section -,
Verical 2D cros Hide all
20 slopes. Shaw all

75  Asuitable section is presented, so click to lock its position

¥ p x

Eazal

Fhingats:

[T

Ecundury braz
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~ i Leyos

<= cir

Teci
Veksrzat r
Wpnek \
Dviikaie: ] ‘:
Leadk 1
[ P i ¥
v il Crzosevection: 1
# Coppm-ppoion 1 v :' s
Cpoa-weion 1
Labal wctian 1 5
5 el
ant pont D
i am
¥ [ 5
Erd poirdt (1l
® 130 EI
¥ os
Bewiag idegios) b
Langs 1201
Vsl Freqeitien
Cdinst I pramia
Crpaty (20 10E) 1]
thow =

g Layww Suruce Flana nasacy
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76  Click "Slopes"

LM.IIJII\JﬂIJI miex
| Annotations
w i Layers
i < Clay
L ok
Lones
Volumes
Maptek
Drillhales
» - | Loads
2. Reinforcement
w i Cross-sections
| . 2 Cioes-section 1

7

Slopes

A project consists of ane or mare slopes.
Multiple stopes allow parametric siudies {o
imestigale the stabilily of slopas when various
aspacts of the slope vary, e.g. material
propefies, pore pressure and phreatic surface
variation, and any other parameter of interest.

Each slope must have a top and a basal
surface defined befare an analysis is camied
out. Phreatic and pore-pressure suriaces are

77  Click "Add 2D Slope..."

<= rock
Tones
Volumes
Maptek
oy Dinlihales
::; - Loads
» - Reinforcement
~ Wi Cross-sections
L. Cross-section 1
Slope=s W
Slopes
Slopes Adi 3D Slope ...
A project con _ 2 ,In_p-e.u -
Multiple slopes zllow parametric studies to
imvestigate the stability of slopes when vanous
aspacls of the slope vary, e.g. material
propeies, pore pressure and phreatic surface
vanation, and any other paramater of interest.

Each slope must have a top and a basal
surface defined befare an analysis is camied
out. FPhreatic and pore-pressure suriaces are
optignal

If a back-analysis is to be performed, the
matanal properties are assumed to be of one
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78  Click "OK"

il |[ElESiopE |
B Label Slope 1
Dimension 20
Cross-section 1: Crass-sectian 1
Define Bazal failure curface One basal surface
Top 1: Top Extruded Section 1 |
Basal Mone
Phreatic Mone
| = Pore-pressure Mone
v i 1] |2 Eoadds ~ v|
B [ ok ] [canea

Zones '-r

Volumes
Maptek

i Drillholes

- | Loads

- Reinforcement

v‘ Crass-sections
| les” Crossssection ] |
Lo | Slaper w

Slopes

wmz

79 Theslip circle for the 2D slope case is defined by entry and exit points for a circle

] L 2} w . & [
wEA | Scwfae | Deomiale GmeViesmi Oepe Seebnige Seaphel

el

lay (26, 86.

ml:C
40
4

Zirt

£
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80  We can move the right bound marker to the toe of the slope

m 1
——

v =
Pr————— e
| Sehve | N

Analysis

ptian Materials

=
| Slope 1
{20

T Cross-section !

f One basal :iurl_'i:c_

| 1: Top Extruded Section 1
| 2 Critical zirele 2 far slope
| Hane

81 Click "No"

Srap fo Toe Poiral

Srap to Toe Poink ot xe te-05T

0 20 40 G0 80 100
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82 We can move the left bound marker to the top of the slope

o 0: fill (4, 13.3%)
a 1: Clay (26, 86.7%)

The light grey panel shows the limits for entry and exit points for the circular
search. We then Click " Solve "

o b T et

o O 7l ¢4, T

™ 1: Cllﬂ'g" 4:24

Ea-THEL B
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84 The factor of safety is calculated: 1.16 (Duncan et al. reported 1.15)

40

£ (ft)

FSs=1.16

20 40 G0 &0

KMy

85 To search for a deeper slip surface, we move the limits of the search panel away
from the break in slope.

Seap b Toe Pent?

0 20

Enap o Tog Pont b x=14-057

40 80 80 100

43
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86

87 Click " Solve "

-
=n-r
L
- { Sefeon
-
¥ lop Rewadad s |
i B
A28 et it b siepen 1
L Pt
[
by e
Arrdat
i Ly
o ey

o Pt T wepel

Zqlt)

a O fill (30,

40

Xy

Ea-THETL BaikEL
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88 The factor of safety is calculated: 1.21 (Duncan et al. reported 1.21)
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Vb ol ferwige 1
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tar T, [ Y
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" By Ko L1 79 ELBOAL GBS
Tames el Tebey um

The slip circle shown in the 2D slope case is represented in 3D as a sphere. We

89 , : o .
want to change the sphere to an ellipse which we believe is more representative
of a potential 3D failure surface.

£ TSLOPE - Cuncan and Weaght p 220 March_19_ 302315
Fle Edt VYiew [tz Took Hep
L & 1] = o L= A A . & =]
Mew Cpes Save Preview Frant ShowBE | ShowAxes | Toten Eclents Syne Veows Cogy  Savelmege  Snapthet

B o
I <l
B mck
w il Surleces
v i Top
¥ Top s thection 1
v g Basel
i Criticad circle 2 for shope §
Phrestic
Ger-images
Bourdary lnes
Annatstoes
w il Layess
> chy
e ik
Tuned
Velurmel
Maprek
Drillhales
» Loady
» Reinlcreement
w i Crope-seclionn
A Creas-paction 1
w i Sope
Z Slopel w

<1 Basal Sertace [ipsold ~

*

X Prejeet | 2 1 Skpe

(W 2z

Luet] Ceacal evcle 2 dor depe

Made with Scribe - https://scribehow.com 45



90 We duplicate the Basal surface

- Al Project 2 % Slope 1
L <ley
L reck
w o Surfaces
v i Top
{ | L.JF TopExtruded Section 1
i Bacal
L-t=¢ Crtical cir :
L7 Phrestic £ Fineord
L. | Geo-images || Shew
i Buundar_\.rlint:_‘, is Locked
- Annotatiens P
w Ly Layers i1
o o cla-_.- '.3'.:::::1‘{.5‘!&
L rppch Export ...
Zones Capyle ¥
Velumes
Maptek
; Drillhales
3 Loads r—r
» Reinforcement |
~ i Crass-sections r'-
" Cross-section 1
w Wy Slopes I"'-
2 Slope] w | =
S Do Casalfawn Tl -at¥ J: | N |.‘
91 Unlock the sphere geometry
3 Reinfercement
~ W Cross-secticns
i L. Cross-section 1 -
< > E
o
= Basal Surface Hlipsoid Ll
Id 3 Ll
Label 3: duplicate of Critical ci
Type Ellipsgid
Riale Basal Surface
Material Mone
=l Geodnelry
Is lecked =l

Sphenical?
Radius

=i Centre

Centre on Cross-sectian 1: Cross-section 1

2l Cross-section Centre
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92

\E' A Cross-sections

| Cross-secticn 1 v
< » |
= Basal Surface Elipsold #

Id 3
Label 3 duplicate of Critical ci
Type Eflipsoid
Raole Bazal Surface
Material Mone
= Geomelry,
Is lecked |
Sphesical?
Radius A3482232
=l Centre (45,2543, 0, 25.4533) it
X 45,5545 ft
Y 0t
i 45,4933 1

Centre on Cross-section 1: Cross-section 1
=l Cross-section Centre (468545, 0, 45.4933) ft

X A5, 2645 ft
¥ oft
Fil 45,4933 ft
#l Bounding Box o
93
L. Cross-section 1 "
i »
2l Basal Surface Elipsoid #
led 3
Label 3: duplicate of Critical ci
Type Ellipsaid
Rale Basal Surface
Material Mone
=l Geometny
15 lzcked (|
[sohercos 7]
Radius
= Centre True
X 46,8645 it
Y 0t
z 43,4933 ft
Centre om Cross-section T Cross-section |
=) Cross-section Centre (45,5545, 0, 45.4533) f
X 45,8645 ft
¥ 0t
d 454933 ft
1! Bounding Box ;

flana 1T indeta fimichad
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94 change the radius in the Y direction to about half of the x radius

S Bassl Surface Elipsoid A ]
Id 3 P
Lahel 3: duplicate of Critical i
Type Ellipsarnd .

Rate Bassl Surfaze
Iaterial Mone
=l Geomelny
15 lecked |
E—
=l Radii (434922, 454522, 43,492
X 454922
¥ 454927 F
z 454922 1
- Centre (45,8545, 0, 45.4033) #
X A5, 8645 Ft
¥ 01t
z 454433 i
Bearing (degrees) 0"

Centre om Cross-section T Cross-section |
=i Cross-section Centre (46,5545, 0, 25.45933) ft

T W TEr

slope 1 update finished il

Critical cearch finished, |
w | 3D Geometry [ Report Snapshots |

95 Type "22 [[tab]]"

N —
s clay
<
Tonsr
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Waptek
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Lewchi
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! Bada (541D 454500 45450
L] ]
I RN
entre 854N, 0L 454001 0
® A
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fope | opdita lnched -

il wrarch finnhed,
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96 Click "control"

w iy Lapars
«n clay
F
Taner
Wedarmet
Whaptzk
Dedthles
Lewdh
H Faindziooming
= Copw- el
7 Comaaecbon 1

Bl Surllae Elpnakd

Labl % chaphratt of Craasl i

[T ]

I lioched

Eo——

! Bada AR I AT h

X Lt g
¥ =
I I

Centre (55 0L 45450 0
i A
¥ ['E
. 13N

Hemring idegron] ot
Carire o CIot-phcten 1 Ciste-peteon 1
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fope | opdita lnched

el earch finnbe s,

97 Create a new Slope case

T
L Annotations
~ W Layers
iz clay
Lot 1O
fones
Volumes
Paptek
- Drillhales
3 Loads
- Feinforcement
w W Cross-sections
* Crogg-cection 1

Slopes

A project consists of one or mare =lopes.
Multiple slopes allow parametric sludies to
imestigate the stability of slopes when vanious
aspacls of the slope vary, e.g. material
propeies, pore pressure and phreatic surface
variation, and any other parameter of interest.

Each slope must have a top and a basal
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98 Add 3D Slope ...

< Elay
Lones
Volumes
Maptek
Drillhales
Loads
5 Reinfercement
w W Crozs-sections
L " Cross-section 1

\.:- m Slonec
L2 Skones
& Add 30 Slope .
Add 2D Slope ...
Slopes

A project consists of one or more slopes.
Multiple sfopes allow parametric studies to

investigate the stability of slopes when various

aspacts of the slope vary, e.g. material

propedies, pore pressure and phreatic surface
wariation, and any other paramater of interest.

Each slope must have a top and a basal

surface defined befare an analysis 15 camed
out. Phreatic and pore-prassure surfaces are

netinnal

99 Click "OK"
— 1 |t
-
i Label Slope 2
i Dimensicn 0
| Define Basal failure surface One basal surface
=] Surfaces
Top 1: Top Extruded Section 1
Bazal 3 2 duplicate of Critecal circle 24
Phreatic Mone
! Pare-pressure Mane
b ""':; &l Loads
L Load cace Mo Loads
q I: :::;'__:I Cancel
Paptek |
Driflhales
% - | Loads
¥ - Reinforcement
~ i Cross-sections
| e Cross-section 1
w i Slopes
L2 Slape i v
€ » ;._“
Scrall Here —
~J
Slopes Left Edge
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100 Click " Solve"
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101 Remove the overlying surfaces to show the slip ellipse
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103 The 3D factor of safety (1.68) is greater than the 2D (1.21)

a0 P 3 bMepen ¥ ESepal

m I clay (340, 76.6%

H
ryben

7 L

Asd

Y "

bel.

TN BN Va ALY e RIS

Made with Scribe - https://scribehow.com

52



