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DEFINITION

TheLimit Equilibrium Method(LEM)is a wellknown
computationalmethodologyfor evaluatingFactorof
Safety(FOS) andstability degree ofnatural (or
reinforced) slopesbuncan,1996, Krahn 2003).
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SSAP PROGRAM

TheSlope Stability Analysi®rogram(SSAP version 4.2.1,
2013), Is the first full freeware application foLEM
Implementinga series ofcharacteristics usuallyavailable
today only in commercial software.

& SSAP 2010 (versione 42.0 - 2012)

‘ SLOPE STABILITY ANALYSIS PROGRAM
release 4.2.0 (c) (1991-2012) VERIFICA GLOBALE _ DIAGRAMMI FORZE GENERA / VEDI MAPPA Fs LOCALE
Build No. 5845 3
renzo VERIFICA SINGOLA L 4 VEDI GRAFICI SUPERFICI

MONITOR VERIFICA
ES6.MOD)

Morgestern e Price (1965) OFPZIONI
PARAMETRI
C

GESTIONE ACQUIFERT

OPZIONI AGGIUNTIVE

MERA REFORT VERIFICA

| .
GENERA FILES DXF
1.440 - 1.521
ESPORTA SUPERFICT
CAMEBIA PAR. GEOTECNICT

ESCI dal PROGRAMMA EDITA FILES
MAKEHLES 3.2

Premi ESC per Terminare - Premi INVIO/ENTER per stop temporal neo File SSAP2010.INI

SUGGERIMEMTL: effettuata una venfica di stabilitd ¢ possibile generare un rapperto (file di testo) con tutti i risultati
e anche una serie di file DXF con i grafici e esportare un file con le coordinate della superficie critica.
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HISTORY

SSAP has been developed during 21 years (192012).
All computational procedures have been developed
starting from published paper on LEM and from origina
developments by the author.

File Parametri Verifiche Tools Batch mode Help Free Heap: 15,235,968

SSAP 2010 (rel. 4.0, 2010)

About. .SSAP 2003 SSAP 2010
STARBUITY ANALYSES

" 405 (o) (19912011
by Dr. Geod. Lovenzo Borseld
SSAP 2003 hatec/ [ www.s52p 2005, 1t
Slope Stablllty Analysis Program =
Versione 32 bit (2084)
(C) Dr Geol. Lorenzo Borselli
CHR-IRPI, Firenze, IT
email: borselli@irpi.cnr.it
WEB http://ssap.firenze.net
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ALT-K = Exit

SSAP 2003

SUGGERIMENTL: La verfics ota comendo.., S premi INVIO [ ENTER fal ino step tampanneo pat weders | skt parnsd
Sa peami ESC o rmn VG @ PUDE VRIGIIINE SCCASENAMANE | MGLRLS.
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HISTORY

Current SSAP release (4.2.1, 2013) contains many
new tools and original algorithms in order to obtain
more reliable FOS values and using a more general

approach to LEM with respect to the past.
s a0 s 2022 el

‘ SLOPE STABILITY ANALYSIS PROGRAM
release 4.2.0 (c) (1991-2012) VERIFI(A GLOBALE | DIAGRAMMIFORZE |
Build No. 5845
orenzo Bo | VERIFICA SINGOLA | VEDI GRAFICI SUPERFICE S S AP 2010
|
ttp:, w.lorenzo- i.ew
| MONITOR VERIFICA | I 4 2 2012
— (rel. 4.2, )

Norgmtem e Pice 1369
PARJ\M ETRI

GESTIONE ACQUIFERI

GENERA FILES DXF
1.440 - 1.521
ESPORTA SUPERFCT
CAMEIA PAR. GEOTECNICT

Premi ESC per Terminare - Premi INVIO/ENTER per stop temporaneo

VEDI MODELLO
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ESCI dal PROGRAMMA

UGGERIMENTI effettuata una verfica di stabilita & po 'b'leg erare un rapperto (file dit ) con tutti i risultati
e anche una serie di file DXF con i grafici e esport: n file con le d dII suprf
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SSAP WEB PAGE

www.ssap.eus the official web page of SSAP 2010,
version 4.2.1. A translation of the software and the
manual in English and Spanish languages is in progre

': 1 Conmitana SA!

ity S C

SSAP2010

(SZOPE STABILITY ANALYSIS PROGRAM)
T
?;:2:2;;’ Software Internmente Freeware

Novira!

COMQ BUE Thomn 11.27 guwnsie TNy - papsswss cow
CORIQ ALOTUIR Tiwmss 7421 Gunmaio I N - pupenme s
el
LOMDAZONE DS OPOLOGE DELLS POMCAN S e we paf10
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GRAPHICAL INTERFACE

SSAP Interface with MAIN and OPTIONS windows.
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GRAPHICAL INTERFACE

Internal distribution of forces and pressures in SSAP
4.2.1 - 2013 (graphic rendering by integrated GNUPLO
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GRAPHICAL INTERFACE

Groundwater and fluid pressure module.
% GESTIONE ACQUIFERI -— [ —c—

ACQUIFERI DISATTIVABILI CARATTERISTICHE FLUIDO
Acquifero Strato 1 Gamma fluido (kN/m*3) 981
Acquifero Strato 2
Acquifero Strato 3 Coefficiente A 0

Coefficiente it 0.00080000

Uo minima (kPa)  0.01 = |

GESTIOME PIEZOMETRICHE |

Esclusione sovraccarichi pendii sommersi

Esclusione sovraccarico fino alla Progressiva (m) 120.00 : I

A

Prirna di modificare i valori pre-impostati dal prograrmma
ricordarsi che & necessaric leggere con attenzicne il
manuale tecnice del pregrarmmma. Un utilizze impropric
di queste procedure pud portare a importanti

effetti sui risultati delle verifiche!!,
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GRAPHICAL INTERFACE

Window with additional random surface generation

parameters.

LUNGHEZZA MEDIA {m) SEGMENTI DELLE SUPERFICI DI SCIVOLAMENTO | 4 £

0a

[a]
(=]
108.00 =]
[a]

[E|IR!

!

NUMERO MASSIMO SUPERFICI DA GEMERARE
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FOS CALCULATION

SSAP uses onlgigorous LEM methods in FOS
calculation. FOS coded in a computational
framework derived by Zhu et al. (2005), but
generalized to any LEM method in a new generalized
algorithm and computational strategy:

A RigorousJanbu(1973)
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A Spencer (1967) * LEMrigorous
A Sarmal (1973) methods are able to

— ensure, atthe same
A Morgenstern & Price (1965) time. forces and
A Correia(1988) momentum equilibrium
A

Sarmall (1979)

—
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FOS CALCULATION

Real 3Dto 2D Aunit wide (1 m) stripis
LEM (imit equilibrium method) verifiedin 2D LEM It represents
representation a potentially unstable mass

wherethe FOSwill be computed

sentation
E F(N s Ui s @ins Toin Vet 8%, O FS)
6o
// e, — Theslope and potential | 10 W Vieii@% . T )
//:\\\; ;.".".; ...... ~4 __——slidingsurfaceis _
W /P 2 representedas a 2-D

sectionduring

[Iwww.lorenzo-borselli.eu
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REINFORCEMENTS

In SSAP we can include different types of reinforceme
Integrating their effects in FOS calculation.

Bolts/nails
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REINFORCEMENTS

In SSAP we can include different types of reinforceme
Integrating their effects in FOS calculation.

Geogrics
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REINFORCEMENTS

In SSAP we can include different types of reinforceme
Integrating their effects in FOS calculation.

Piles row stabilising an active landslide
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SLIDING SURFACES GENERATION

SUPERFICIE RANDOM
Formata da segmenti
rettiline1 di lunghezza data
Forma COMPOSITA

5
)
Monte Carlo methodsare used to generate possible =
sliding surfaces. g
@
<
Surface generation engine RANDOM SEARCH o
1 c
¥ )
/ —
/ -

/" ConvexConcave

R full randpm

, s compositesurface Q
o
=
c

>

X (Siegel et al., 1981)
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SLIDING SURFACES GENERATION

Monte Carlo methodsare used to generate possible
sliding surfaces.

Convex RANDOM SEARCH

A

v
/
/

/
;, OnlyConcave
/ full random surface

7/
”
” \

_ * SUPERFICIE RANDOM
Forma caratterizzata da
forzata convessita rivolta

—— verso il bassa (CHEN, 1992)

>

X (Chen, 1992)
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SLIDING SURFACES GENERATION

Hybrid method(expert system HViontecarlo).

SNIFFRANDOM SEARCH 2.0
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(Borselli, 2012)
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STRATIGRAPHY

-

O

Stratigraphic complexities are managed up to a =
maximum of 20 strata. g
A O

Y sup. 1 _-é

N

C

O

| -

——  SUp. 3 Q-

up. 5 g

/ =

0 (@B
=

i
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FLUIDS

Groundwater and fluid pressure are managed: e.g.
aquicludesin pressure and perched groundwater.

A

Zona di dissipazione
pressione dei fluidi

Tetto acquifero
confinato (in pressione)
|

2

3 Acquicludo
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FLUIDS

Groundwater and fluid pressure are managed: e.g.
aquicludesin pressure and perched groundwater.

A Acquifero
temporaneo

Tavola d'acqua
d (zona satura)
Y

concidente con
superficie 1

topografica

£ infiltra zimlf_! -
f

Acquicludo
temporaneo
(zona insatura)
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ROCK MASS STRENGTH

Rock mass strength criteria byHoeket al. (2002) and
Hoek (2007) and GSI method are used by SSAP as
alternative to I\/IthCoqumb strength criteria.

If— Controlled by major structure

\ 1
?forzo " it ! \ Candidate failure
angenziale ) surface

http://www.lorenzo-borselli.eu

: 500 m .
QA
'4 g '3 ...’.. l"l‘*.’ ‘",
Rock bridges aretase st i
: > ! RELSRL
0rzo normale . ”" '.*.*'* -
> Minor structure s 4 Rock mass failure

v ;J, — Step-path controlled by minor structure
. and intervening rock bridges
(Borselli, 2012)
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ROCK MASSTRENGTH

STRUCTURE TYPICAL PROBLEMS

Complex failure along a
circular or near circular
failure surface involving
sliding on faults and
other structural features
as well as failure of
intact materials,

1. Intact rock

/ 2. Single discontinuity
(Sliding along a single discontinuity set)

3. Two discontinuities
(Structurally controlled failure) Circular failure along
a spoon-shaped surface
through sail or heavily
Jjointed rock masses.

—_ N B

4, Few joint sets

(Combinations of failures) Sail or heavily jointed

rock slopes.
5. Closely jointed rock mass
(Circular failure)

Planar or wedge sliding

fr0n | on one structural fea-

i ture or along the line

S T it of intersaction of two

Circular R et

failure surface

Toppling of columns
separated from the rock
mass by steeply dip-
ping structural features
which are parallel or
nearly parallel to the
- \shpe&u.

(Sonmezand Ulusay 1999)
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Sliding, rolling, falling
and bouncing of loose
rocks and boulders on
the slope.

(Hoek, 2007, modified)
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GRAPHICAL OUTPUT

Graphic rendering includes the automatic generation of

DXF files Autocadcompatible).

SSAP 413 2012 - Sope Sty Anayss Program.

WNm3 s Wra
1700 B 0 ? 0 0
20 280 1BKO 2200 L) em
220 M0 N0 4w 900 emn
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GRAPHICAL OUTPUT

SNIFF RANDOM SEARCH 2.0 application orearthfill
above and with horizontal weak layer (example from
Fredlund1977).

2 1000 0 0 1884 1884 0 ] 0 0
3 2000 2873 0 1884 1884 0 0 0 0

deg kPa Pa  KNIm3 KNm3 (A=
SSAP 4.2.0 (2012) - Slope Stability Analysis Program 1 200 2873 0 1884 1884 0 0 0 0
E:.:..‘t\\ur»:' by Dr.Geol. L Borselli - www lorenzo-borselli ou

>

Campione Superfici-N- 10000
Lunghezza media segmenti (m): 1.0
Range X inizio generazione : 0.0- 16.0
Range X lermine generazione : 200~ 537
Livello Y minimo considerato : 0.5

([ ) N ) S S 1|
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GRAPHICAL OUTPUT

-
o L v
Internal distribution of forces and pressure, distribution &=
of local FOS, local distribution of RHO index (numericday
- [ L
reliability of general FOS numerical solution). =
1
1gg Prassioni neutrs 2 cooff. 1w _ Ei) 1 TEE Forz= interconcio 1 :'EE 8
jg E: 10001 1000 C
-
£ w 02 Z so0 s0 3 S
w0 1015 N 400+ 400 - O
20 101 —
10 loo 200 200 -
GSG 40 30 60 X (m) T0 80 o0 IGE G3C 40 30 60 X (m) 70 30 G0 ICE
111%: U=) (};3(%( : 1011112 18:30 %g(&:i:m( g
50 Sup. Minimo Fs , Thrust line | local F§ 10 . Fattors Rho & pressions normale ' su sup. min. F§ 350
: =
§4§_ {1 % % 0.1f 20 g Q
= 35 2 = 150 = Jd
3?— 100 -I_'
i;: R 50 s
13 20 40 X%G“ 80 100 I‘E'l 8'8138 40 50 60 X (m) T0 80 o0 1 E
Stp' ;{%’:\E;jﬁg E o SBAP2010 (versione 4.1.3 2012) - DISTRIBUZIONE FORZ_I\:-?%%MI%

izt lins «
local F8
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NUMERICAL STABILITY

RHO index computation, its distribution and analysis
for the solutionds rel i al

Fs
Fsp, (x)

RHO(x) =

http://www.lorenzo-borselli.eu
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NUMERICAL STABILITY

-
] . 1400 Forze intareoncio : : 1400 G)
RHO index computation., =
. . . . I | G)
and its distribution . S
= 8001 {800 £ —
% 600f 1s00 % O
: N O
100} { 400 1
200} 200 8
% 40 50 80 %ty 10 30 50 00 -
10/11/12 18:30 o Efx)N/m) e e
TEx‘f- Him) —
@
1 . Fattore ll?_h{:- 2 prassi;{ma m::arma.}a N = sp. min. F8 . 350 D
300
250
% 0.1 20 g Q
= 150 = - -
100 49
o
L -
0055 a0 30 &0 < 70 30 30 Tod
1001112 19:30

ghu_gx::- [ ——
WikPa)
SSAP2010 (versione 4.1 3 2012) - DISTRIBUZIONE FORZE = PRESSIONI
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NUMERICAL STABILITY

Space (4, Fs) exploration for best FOS searching for
a given sliding surfaceBorselli 2012).

Flatareas No solution
(false best solutions) (DeathValley)
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