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Phase 1. Calculation of I;:'a'@tt:om' of Safety

Konstantinos Papatheodorou, Nikolaos Klimis
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* Set REFERENCE SYSTEM

Input General dita:

— Road netwot

— Railroad netWe s
— Urban areas ....etc

Black
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COOPERATION

: ] area_of_interest
== aktogrammh

. |_@ Urban
+ sidhrodromiko_...

® -~ Road Network
% - oikismoi
x y Main_cities_of_...

@ TWI_MODEL

|_@ Morfology

@ Geology
Topography

RAINFALL - data
E RUSLE_ScilEresion
SAGA andslldes

Google Satel lte
0OCM Landscape

¥
;
&
£
Y
5
¥
!
4
A
3
{
i
)
[
.
p
§
;)
.
f
5
f
&
»
¥
1
}
Y
4
§
o
o
X &
£ i
&+ &
L] -
7 ¢
f .
§ 4
;
f
§ 4
L il
i ]
] 5
¢ 4
1 &
!

+

Pt s
* [ Ee

*ssa

: 1@ -

5
A
}
et
2
i
4
&
o
f
R
¥
¥
&
o
:f
A
I
y
{
&
j’
-

ion Pnevma

Metalla




* X

*
*
* 4k

Project funded by the
EUROPEAN UNION

SciNet NatHaz

Prevention

Common borders. Common solu

T@p@g phy

tions.

Black

CROSS BORDER
COOPERATION

e
(IS a a ., PPN i hes
- : i L by ,,,Q_g
| Old_Landslides A % A e Y
area A E‘ e A
. e A interest A A A j:'“ 3
nput topographic h : . 4
| r; H;drology & ',3’ g"’
| TWI_MODEL A & A 2
° [ (4] Morfology A:g ‘i A A
— Contour Lines =l L
u | ﬁ Topography A “: A A 7
%X A trigonometrika_... A kS b A
A trigonometrika E. .: A A
%X — CONTOURS_new... A ? o A
S S 1| (] RAINFALL - data o o A
— Elevation points s 4 A
| (] SAGA_Landslides ; K.»‘
| Corine2000 v 7
I+ [ GeologicMaps_RASTER A A Iz )re" i A
Google Satellite A e A S A
OCM Landscape A ‘(‘;A A A
A, : Agt A
A “. A‘,»‘ ~
i A A A
A A
‘:‘A Yy A A
A : Elaivn A
[} : A
* Please Note! We will be s ek
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Digital Elevation Ma

)

* Create a Digital EIevatlon Mode e
— You can use your prﬁé%grre N
~ ..BUT.... e ==
— Pay attention to the mﬁEL PIZE On§e defln J. =

be changed and all bﬁput wnII be based or

RUSLE SoilErosion

1:50.000 scale map,a m:n;to

is fine! = ¥ _

* |n case the DEM covers a CRO usi
“AREA” polygon. -




* X A B I | a
\
* CROS |Ir
ek coo |
Project funded by the 1‘ - (}I
EUROPEAN UNION . 1
SciNet NatHaz et

Prevention

Hydrology- Assessiment of Flood prone areas

| # ¥ @ Lnverse QISTENCE weigntea
. Pnlygnn centroids
£ TWIL/ SAGA WI LJ.- m GDALJ’OGR [SZQEUa\gDmhms]
Paramah’ Log : B ana\ t e I e
- 1= s
2 d |
DEM impart . .E’;‘lasm me Es]
1.5 DEM_CLIP [EPSG:2100] = TWI & SAGA WI - Locate Flash F
o TWI /SAGA WI
Filled DEM @ Orfeo Toolbox (Image analysis)
¥ QGIS geoalgorithms [68 geoalge
El-&& SAGA [243 geoalgorithms]
¥ Open output file after running algorithm Geostatistics
Flow Directions g’qg iégﬁ:‘&'ﬂ:
temporary file] Grid - Filter
— Grid - Gridding
% Open output file after running algorithm Grid - Spline

@ B-spline approximation
@ Cubic spline approximat
@ Multilevel b-spline interp
@ Multilevel b-spline interp

Watershed Basins

% Open output file after running algorithm
Catchment area

“¥ Watershed Basins

M Nnen outout file after runnina aloorithm

<F DEM import :Z “¥ Flow Directions
! = In “ Filled DEM
Run Close C & Fill sinks (wang & liu) /j‘ P
In

e Qut

aga wetness mdex “¥ Catchment area

 TWI, SAGA WI, Stream Power Index asms stream:

=,
& Flow width and specific ca.. SAGA Wetness Index

network and other-files will be éreated

In
Y ¥ SPECIFIC catchment area s
a utomatlca I ' I e -V'
YY) ® = Flow width out mn

& L factor

“¥ Stream Power Index Out
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0Old_Landslides

area_of_interest

== aktogrammh

(@ urban

(3 Hydrology

(9 Tw1_MODEL
saturation2

Saturation
Stream Power I...

5.000000
6.000000
7.000000
8,000000
9,000000
10.000000
* | 11000000
12.000000
13.000000
14.000000
15.000000
16.000000
17.000000
18.000000
19.000000
20.000000
21.000000
22.000000
23.000000
24.000000
25.000000
SAGA Wettness ...
Specific Catchm...
Modified Catch...
Flow Directions.
Watershed Ba:
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GA WI etc

TWI, SAGA WI, Stream Power Index, basins, stream network
and other files created with the model

@

- -

CEoRG

&

*
=

*

Layes
va@i
0ld_Landslides

rea
7§ area_of _interest
== aktogrammh
Urban

(3 Hydrology
(8 Tw1_MODEL
saturation2
Saturation
Stream Power I..

SAGA Wettness ...
Specific Catchm...
Modified Catch,
Flow Directior
Watershed Ba:
Catchment Area...
Catchment Slop...
(9 Morfology

(@ Geology

| Topography

% RAINFALL - data
L

RUSLE_SoilErosion
SAGA_Landsides

5 Corine2000

(3] GeologicMaps_RASTER

Google Satellite

OCM Landscape
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Slope and Aspect maps

* Create SLOPE and ASPECT maps

Layers S Layes (S
s YE @ O I & ¥ @ @ O
. Old_Landslides . Old_Landslides
x .i area x 'i area o
vl area_of_interest »d area_of interest X .
== aktogrammh == aktogrammh B
x @] Urban x @ Urban (3 Y
L@ Hydrology @] Hydrology < %
(3 TWI1_MODEL 3 TWI1_MODEL SRR 8 N
% [ Morfology % (3 Morfology _ \a %
aspect_RADians X aspect RADians | v
=] slope_RADians 0.245113 | g
0.00471153 1.409962 =
0.695745 2.574812
hillshade 3.739661
ruggedness 4.904511 § )3
aspect 6.069360 ‘
slope slope_RADians
relief " hillshade
& {1.5SIMPLE_cont... ruggedness 3
1.5_DEM & aspect
ﬁﬂ Geology slope
@] Topography relief
(1] RAINFALL - data 1.5SIMPLE_cont...
g RUSLE_SoilErosion 1.5_DEM
|Vl SAGA_Landslides @] Geology
() Corine2000 (3 Topography
|Vl GeologicMaps_RASTER (3] RAINFALL - data
Google Satellite E RUSLE_SoilErosion
OCM Landscape [ SAGA_Landslides
(5 Corine2000
(W GeologicMaps_RASTER

— Please Note! QGIS uses/calculates angles in RADIANS.
Conversions in DEGREES may be needed in the process
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Landslide Hazard Assessment

® Basic Information comes from topographic
data (DEM, Slope, Aspect)

® Essential Information comes from the
Geologic map
—Geologic formations
—Dip and Dip Direction

—c’ (effective cohesion), ¢’ (effective friction
angle), h (hydraulic conductivity), y (unit weight)
etc
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* Calculate i) Cohesion (c ); ii) angle of Internal Friction (<|>); |||) Unit Welght and iv)

Hydraulic Conductivity for each of the geologic formations of the area
gn,ab ] gn,ab,sch ] gn,mr ] gn-sch ] gn-y ] gn-pv ] gnl | :

Hoek Brown Classification H=5m H=50m H=5m  H=50m H=5m  H=50m H=5m  H=50m H=5m  H=50m H=5m  H=50m H=5m  H=50m
sigei (Mpa) 100 100 100 100 100 100 100 100 120 120 175 175 100 100
Gsl 30 30 31 31 30 30 29 25 31 31 31 31 33 33
mi 23 23 23 23 12 12 10 10 26 26 26 26 25 25
D 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ei 40000 40000 30000 30000 85000 85000 30000 30000 48000 48000 70000 70000 30000 30000
MR 400 400 300 300 850 850 300 300 400 400 A00 400 300 300
Hoek Brown Criterion
mb 0.15497 0.15497 0.16645 0.16645 0.08086 0.08086 0.06273 0.06273 0.18816 0.18816 0.18816 0.18816 0.20870 0.20870
s 8.57E-06 B8.57E-06 1.01E-05 L.01E-05 8.57E-06 8.57E-06 7.26E-06 7.26E-06 1.01E-05 1.01E-05 1.01E-05 1.01E-05 1.41E-05 1.41E-05
a 0.52234 0.52234 0.52089 0.52089 0.52234 0.52234 0.52390 0.52390 0.52089 0.52089 0.52089 0.52089 0.51826 0.51826
Failure Envelope Range
Application Slopes  Slopes Slopes  Slopes Slopes = Slopes Slopes  Slopes Slopes Slopes Slopes Slopes Slopes  Slopes
sig3max (Mpa) 0.12892 1.04787 0.12546 1.05227 0.12066 0.93074 0.12344 1.00331 0.13236 1.07584 0.13693 1.11300 0.13103 1.06504
Unit Weight (MN/m3) 0.026 0.026 0.026 0.026 0.025 0.025 0.026 0.026 0.026 0.026 0.026 0.026 0.026 0.026
Slope Height {m) 5 50 5 50 5 50 5 50 5 50 5 50 5 50
Mohr-Coulomb Fit
c (Mpa) 0.0587 0.2299 0.0616 0.2391 0.0530 0.1798 0.0500 0.1653 0.0685 0.2671 0.0827 0.3084 0.0688 0.2651
phi (degrees) 51.6 35.1 52.3 35.9 46.3 29.9 43.6 274 54.4 38.3 56.7 41.1 54.3 38.0
Rock Mass Parameters
sigt (Mpa) -0.0055 -0.0055 -0.0061 -0.00601 -0.0106 -0.0106 -0.0116 -0.0116 -0.0065 -0.0065 -0.00%4  -0.0094 -0.0068 -0.0068
sige (Mpa) 0.2256  0.2256 0.2503 0.2503 0.2256  0.2256 0.2031 0.2031 0.3004  0.3004 0.4380 0.4380 0.2067 0.3067
sigem (Mpa) 4.5577  4.5577 4,7751 47751 3.2471  3.2471 2.8123  2.8123 6.1073  6.1073 8.9065 8.9065 5.4597  5.4597
Erm (Mpa) 1128.98 1128.98 869.793 869.793 2399.08 2399.08 825.615 825.615 1391.67 1391.67 2029.52 2029.52 922,432 922.432
Results

H{m) b c(kPa) | H(m) ] c(kPa) | H{m) i1} c(kPa) | H(m) b c(kPa) | H{m) b c(kPa) | H(m) & c(kPa) | H{m) [} ¢ (kPa)
3 51.61 58.71 3 52.30 61.65 3 46.31 52.98 3 43.63 a0.02 5 54.43 68.54 3 56.70 82.66 5 54.27 68.77
50 35.14 229.90 50 35.88 239.11 50 29.90 179.85 50 27.39 165.30 50 38.29 267.10 50 41.10 308.41 50 38.04 265.11

Final Values & |c(kPa) & |c(kPa) ¢ |c(kPa) ¢ |c(kPa) & |c(kPa) & |c(kPa) & |c(kPa)
35 59 36 62 30 53 27 50 38 69 41 83 38 69
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* Digitize the Geologic Map
, - % 3ASS

' UnWeight_gr... [:)

gn,ab
gn,ab,sch
an,mr —
Pl gn-sch
B any

anv

H.al
| ML S

M-Plst |k

mr

mr.d
mr-d ]
Ms.c,st
Ng.c1 —
Ng.c2
Ng.l1
Ng.|2
Ng.s
Ng.tv-mk
Ng1
ol
Pl.c,st
Pltr

x.xxxxx.csxxxxxxxxxxxxxxxxxxxxxxxxxx

e

o

Black yea
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to geologic formation

=3 B @ S
. Attribute table - ares_GEOLOGY : Features E‘h‘
v [ =] I £ 12} 34 \& "5 [ ] ?
M_CC PERIMETER AREA [GME_NAME | JRO_CO [ ¥ g_kN_m3 |Hyd_Conduc| C.N_m2 gN_m3 | fi_RAD
0 Pt 17205.425 | 2613217.828 |Kimw Neu 121 8 25| 1.800 17.658 2.50000 | 8000.0000| 17658.000 | 0.4383
schl.gn 281.469 - 4727.945 | Karw Neu... 413 21| 2.700 26.487 1.50000 | 30000.0000 | 26487.000| 0.3665
. I\h 1 1| 2700 26,487 1.50000 | 30000.0000 | 26487.000| 0.3685
1| 2.700 26.487 4.00000 | 94000.0000 | 25487.000| 0.5411
4 |Pt 4470.918 | 250013.883 |KaTw MNew... 31 8 25| L.800 17.658 2,50000| B000.0000 | 17558.000| 0.4363
5 mr 466.214 9410.828 | Kimw Meu 323 94 31| 2.700 26.487 4.00000 | 94000.0000 | 26487.000| 0.5411
gn,ab 1183.697 73727.187 | Karw Meu... 413 59 35| 2700 26.487 2.50000 | 59000.0000 | 26487.000| 0.5109
_" Y ] 1197.833 82850.883 |Karw Neu... 311 o 38| L.s00 17.658 4.00000 0.0000| 17658.000| 0.6632
20709.849 | 25583317.827 | Axhaboy 222 53 34| 2.650 25.997 3.00000 | 53000.0000 | 25997.000| 0.5934
g el2 8317.077| 1707235.767 | AxAaloy... 42 5 38| 1800 17.658 4.00000| 5000.0000 | 17558.000| 0.6632
10 |ell 2211929  181100.154 | Axhaboy... 42 5 32| 1.800 17.658 4.00000 | 5000.0000 | 17558.000| 0.5585 0.62¢
11 |al 5339.410 349796.514 | AxAaloy... 31 5 28| 1.800 17.658 2,70000| 5000.0000| 17558.000| 0.4887 0.53]
12 |ol 548,239 17449.036 | AxAadoy... 321 32 19| 2.300 22,563 1.50000 | 32000.0000 | 22563.000 | 0.3316 0,34
13 |ol 825.987 28115, 140 | Axhaboy. 321 32 19| 2.300 22.563 1.50000 | 32000.0000 | 22563.000| 0.3316 0.3%
« (' 14 |ol 2333.586 145100, 504 | Axhadoy... 321 32 19| 2.300 22,583 1.50000 | 32000.0000 | 22563.000| 0.3315 0.3%¢
/ 15 |mr 2134.190 | 285691.607 | AxAaloy... 323 94 31 2.700 26.487 4.00000 | 94000.0000 | 26487.000| 0.5411 0,600
16 |mr 6544.204 23543.455 Axlﬂﬁﬂx- 323 94 31| 2.700 26.487 4.00000 | 94000.0000 | 26487.000| 0.5411 0.600
7 o 94000.0000 | 26487.000| 0.5411 0.600
5000.0000 | 18639.000| 0.4887 0.53
19 |mr 94000.0000 | 26487.000| 0.5411 U.GUE
4 | [e]»)

Pt.t1

e,
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afety — Calculate

Ready |

== aktogrammh
ST WD - W N W
Home Tnsert Page Layout Formulas Data Review View Add-Ins ABBYY FineReader 11 Acrobat @ - = x| % TWI_MODEL
| [P R o il Si | Generl - o= g || mnsert = || 2 - ? ‘m Morfology
|;a£ - B I U-[E-d- A~ ‘ = 3 Cnr?\g%nal in%t _c? ¥ petete + || [3]~ Sort & ﬂ& L’ G:ology_
- 7 ‘ o] ] a- & AR I Formatting = as Table - Styles - || [l Format = || (2~ Fijter~ Select = | [ springs
Clipboard Font & Alignment & Number & Styles Cells Editing E = :l.'eaﬁ:"livﬂolﬂcs
- —B- ir_
0 s £ || 2 DipDir_IDW
A B c D E F G H 1 ) K L M N « C Dip_IDW_SAGA ...
1 | Ewaywyr SeSopéviv | ~ | §** DipDir_IDW_SA...
2 L Hyd_Cond
3 gn,ab ] gn,ab,sch ] gn,mr ] gn-sch ] gn-y |8 hydr_conductivity
4 Hoek Brown Classification H=5m  H=50m H=5m  H=50m H=5m  H=50m H=5m  H=50m H=5m | H=f L tan.fi_RAD
5 sigei (Mpa) 100 100 100 100 100 100 100 100 120 1 1 c_coh_MPa
6 @Sl 30 30 31 31 30 30 29 29 31 3 | g.N_m3
7 mi 23 23 23 23 12 12 10 10 26 2 % C N m2
8 D 1 1 1 1 1 1 1 1 1 : + 0.000000
9 E 40000 | 40000 30000 | 30000 85000 85000 30000 30000 43000 48( + 23376.600000
10 MR 200 400 300 300 850 850 300 300 200 4 H 46753.200000
11 Hoek Brown Criterion i 70129.800000
12 |mb 0.15497 | 0.15497 0.16645  0.16645 0.08086  0.08086 0.06273 | 0.06273 0.18816 | 0.1¢ ; 93506.400000
13 s 8.57E-06 8.57E-06 1.01E-05 1.01E-05 8.57E-06 8.57E-06 7.26E-06 7.26E-06 1.01E-05 1.01 i 116883.000000
14 |a 0.52234 | 0.52234 0.52089 | 0.52089 0.52234 | 0.52234 0.52390 | 0.52390 0.52089 | 0.5% b F_internal_Fricti...
15 Failure Envelope Range E Cohesion_MPa
16 Application Slopes  Slopes Slopes  Slopes Slopes  Slopes Slopes  Slopes Slopes b UnitWeight_gr ...
17 sigamax (Mpa) 0.12892 1.04787 0.12946 1.05227 0.12066 0.98074 0.12344  1.00331 0.13236 w UnitWeight_ki_...
18 Unit Weight (MN/m3) 0.026  0.026 0.026  0.026 0.025 | 0.025 0.026  0.026 0.026 n cicobiesion Jgepi:
19 Slope Height {m) 5 50 5 50 5 50 5 50 5 m S
20 Mohr-Coulomb Fit E 11;11 test arit...
21 ¢ (Mpa) 0.0587  0.2299 0.0616  0.2391 0.0530  0.1798 0.0500  0.1653 0.0685 m PP est:par
22 | phi (degrees) 516 | 351 523 | 353 463 | 293 436 | 274 54.4 v
23 Rock Mass Parameters E = ::Ie\:ez:;[g:;_vcmfi
24 sigt (Mpa) -0.0055  -0.0055 -0.0061  -0.0061 -0.0106 | -0.0106 -0.0116  -0.0116 -0.0065 1 o
25 sige (Mpa) 0.2256  0.2256 0.2503  0.2503 0.2256  0.2256 0.2031  0.2031 0.3004 " L pipir_pip_ALL_...
26 sigem (Mpa) 4.5577  4.5577 47751 47751 3.2471  3.2471 2.8123  2.8123 6.1073 u — tectonic_Data_F...
27 |[Erm (Mpa) 1128.98 1128.98 B69.793  B69.793 2399.08  2399.08 825.615 B825.615 1391.67 C@ ‘T\‘ "'::he"o“ia—geo---
28 s opograpny
29 RAINFALL - data
30 AnotsAéopara . RUSLE_SoilErosion ;
31 H{(m) & c(kPa) | H(m) & c(kPa) | Hm) & c(kPa) | Hm) & c(kPa) | Hm) i s a &
32 5 5L61  58.71 5 5230  6L65 5 4631 52.98 5 4363 50.02 5 ) . ) . ° -
33 50 3514 229.90 50 3588 239,11 50 29.90  179.85 50 2739 165.30 50 o c & ¢ ca I c u I at I o n ( I eft)
34
35| TEAIKEZ TIMEZ [ & [cikpa) [ & [cikpa) [ & [cikpa) [ [c (kpa)
3 [ 35 [ so [ 36 | 62 [ 30 [ s3 [ 27 [ s0
574 » ¥ | Roclab Data " Unit Weights - Hydraulic Conductivity . ~¥J ] [ ]

Effective cohesion map (right)
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ineering Geology

== -— akto;ra:nmh
w= aktogrammh

3 @ Urban
x L@ Urban @ Hydrology
(31 Hydrology 8 TWI_MODEL
31 TWI_MODEL ¢ (3] Morfology
x @ﬂ Morfology . @ Geology
% (3 Geology 8 . # I springs
J' springs - A w= area_TECTONICS
== area_TECTONICS : e 4 . . Dir_IDW
Dir_IDW s s < i : L DipDir_IDW
DipDir_IDW | e 3 ¢ A : Dip_IDW_SAGA ...
Dip_IDW_SAGA ... — : E L Al DipDir_IDW_SA...
DipDir_IDW_SA... g Hyd_Cond
Hyd_Cond y : hydr_conductivity
hydr_conductivity $ / tan.fi_RAD
tan.fi_RAD y oA . : ; .
c_coh_MPa ¢
g.N_m3
% % ¢ N m2
0.000000 ;! 0.000000
23376.600000 ! 5 2 9.190800
46753.200000 ; 18.381600
70129.800000 oaeatm } 27.572400
93506.400000 : o 7 36.763200
116883.000000 = g o 45.954000
F_internal_Fricti... ] 2 Cohesion_MPa
Cohesion_MPa 2 5 - UnitWeig;t_gr_---
UnitWeight_gr_... 4 UnitWeight_kN_...
UnitWeight_kN_... i c_cohesion_geo...
c_cohesion_geo... g FS 5m
FS_5m

11111_test_arit...
11111_test_arit...

11111_test_par...
11111_test_par... F S ot s
UnWeight_gr_cm3 P8 aren. GROTDET
® (9 area_GEOLOGY : L DipDi—r_mp_ML_m
DipDir_Dip_ALL_... 3 s et
e tectonic_Data_F... X = makedo;ia_ge_o...
% makedonia_geo... N 5 : . e L@ S Shooraphir
@ Tovography C ; (1] RAINFALL - data
(1] RAINFALL - data R ! K

RUSLE_SoilErosion

RUSLE_SoilErosion
[Vl _SAGA Landsiide oo

(il
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Geology — Engineering Geology

g aktogrammh i 5 — aktogrammh
® [ urban L @ Urban
@ Hydrology o2 @ﬂ Hydrology
(8 TwI_MoDEL 3 (8 TwI_MODEL
. @ Morfology { g ﬁﬂ Morfology
" @ Geology % o @fﬂ Geology
i' springs s A i' springs
== area_TECTONICS 2 == area_TECTONICS
& g*" Dir_IDW . &l g*" Dir_IDW
B ¥ DipDir_IDW . F £ | ¥ DipDir_IDW
® Dip_IDW_SAGA ... ! gl o*" Dip_IDW_SAGA. ...
B DipDir_IDW_SA... 4 el o#" DipDir_IDW_SA...
@ Hyd_Cond 4 £ g Hyd_Cond
= hydr_conductivity . ; = B3 hydr_cond:
tan.fi_RAD A /3 0.00000f

c_coh_MPa 0.799200
: f 1.598400
15000.000000 : 7 b A 2.397600
| 17292100000 ] 3.196800
19584.200000 - i ) ; 3.996000
21876.300000 Ay 4 el 3 tan.fi_RAD
24168.400000 J i 0 c_coh_MPa
26460.500000 2\ %l ; g.N_m3
® C_N_m2 ; 4 if . C_N_m2
= F_internal_Fricti... \ 3 F_internal_Fricti...
&3] Cohesion_MPa V. Foi 4 o0 Cohesion_MPa
& UnitWeight_gr._... UnitWeight_gr_...
B UnitWeight_kn_... . |l ] UnitWeight_kN_...
& c_cohesion_geo... = bt & i : c_cohesion_geo...
® FS_5m 7 1\ i y S FS_5m
® 11111 _test_arit... | k& / { § 11111_test_arit...
® 11111_test_par... | |} ¢ o g . - 11111_test_par...
=] UnWeight_gr_cm3| | g : ] UnWeight_gr_cm3
® ) area_GEOLOGY | : p P ) area_GEOLOGY
_| pippir_pip_ALL_... : _L pippir_bip_ALL ...
— tectonic_Data_F... o T s — tectonic_Data_F...
= makedonia_geo... %0 Y ' makedonia_geo...
(@ Topography e, . g < f 2 @ Topography
(1] RAINFALL - data i [ : 4> 4 L (1] RAINFALL - data

a" RUSLE_SoilErosion o ) ; "_" RUSLE_SoilErosion




* X %k
*
*
CROSS BORDER
*** COOPERATION
Project funded by the
EUROPEAN UNION "
SciNet NatHaz
Prevention
File Geoprocessing Map Window
L4 RO 2] & B | % (@) | 30 @)=
Manager % |[Properties: WETNESS x ] 24, W values Tz~
%5 Tools = Data @I Maps ﬂ Settings i) Description [ mL‘““ £ T AT D00 480000 000 488000 470000 472000 474000 476000 478000 430(
A Tool Libraries Tool + W wernEss T !
i1 @ Climate
o Garden Name WETNESS £l Data Objects oy |
@ Grid D 3 B Grids 7){
i :imagi’{’& " Author A. Glinther (c) 2012 El Grid system 14.997417; 1446x 1524y; 458121.783135% 454720 | Cancel
& mport/Expo
& Procction Specification grid >> DEM 16.1-5_DEM_CLIP
@ Reports Menu Terain Analysis > Slope Stability > Min hydraulic conductivity grid (m/h 21. Hyd_Cond_CLIP —
> Max hydraulic conductivity grid (m/F 21. Hyd_Cond oa
@ Shapes Max hydraulic conductivity grid {m/t 21. Hyd_Cond_CLIP Load
4@ Simulation > Min groundwater recharge grid (m/hr] <not set> s |
ave
1@ Spatial and Geostatistics Description > Max groundwater recharge grid (m/hr. <not set>
o @ TIN E » Min material depth grid (m) <not set> Defaults
1 4 Table This module calculates a topographic wetness index (TWI) following Montgomery & > Max material depth grid (m) <not set>
i @ Temrain Analysis Dietrich (1994) that can be used to estimate the degree of saturation of unconsolidated.
o @ Chonnels permeable materials above (more or less) impermeable bedrack In cantrast ta the <« Wlvalues screate>
L@ C o Anal common TOPMODEL (Beven & Kirkby, 1979) - based TWI, this index differs in such that < WI classes <not set>
4 ampound Analyses it considers hydraulic conductivity to be constant in a soil mantle overlying relatively El Options
# ® Hydmlw)’_ : impermeable bedrock. Also, it uses the sine of the slope rather than its tangens. which is Min global material conductivity (m/hr) 27000000000000002
@ Lighting, Visibility more correct and significantly matters for steeper slopes that give raise to landslides. For —
- Morphometry computation, 2 slope (in radians) and a catchment area (in m2) grid are required. Mex global material conductivity (m/hn) 2.7000000000000002
- @ Preprocessing Additionally, information on groundwater recharge (mv/hr), material hydraulic conductivity Min global groundwater recharge (m/hr) 0001
- @ Profiles (mvhr), and depth to potential shear plane (m) are required that can be specified either Max global groundwater recharge (m/hr) 0001
= Slope Stabili globally or through grids. The module produces a continuous wetness index (-} where cells Min global material depth 5
® siop ki with Wi values > 1 (overland flow) set to 1, and optionally creates a classified W1 grid in global material depth (m)
L g ANGMAP ? s
. o renderingghrefl saturation cl - L e L
i w lle J
; ) artia ller il Flowfbirec
- 08 2} Saturation zene (W larger 1)
e, WEDGEFAIL
- Mg WETNESS Rejgrences: @ ]
*modu
Montgomery D R Dietrich, W_E_(1994) A physically based model for the tapagraphic
control on shallow landsliding. Water Resources Research. 30. 1153-1171..

15
Name ‘ Type ‘ Identifier Description Constraints
h Input
e re @EM Grid DEM A DEM
(input)
Min hydraulic Grid Cmin A grid representing
conductivity grid optional

e! The 'SP is c

Grid Cmax A grid representing

(optional maximum material

hydraulic conductivity
m/hr)

®* Please'no

Max hydraulic
conductivity grid
hij () @




* X
ks *
" *

* % Kk

Project funded by the
EUROPEAN UNION

Blackyea

CROSS BORDER
COOPERATION

SciNet NatHaz
Prewv: i

Common borders. Common solutions.

Saturation percentage parameters

Parameters taken into

consideration
Upslope Contribution (flow
accumulation)

Slope
Hydraulic conductivity

A combination of Rainfall
and effective infiltration
(GW recharge)

Sliding mass thickness

L o ||

J T P——
WETNESS

Bl Data Objects

E Grids
[£] Grid system 14.997417; 1446x 1524y; 458121.783135x 454729
»» DEM 16. 1-5_DEM_CLIP

= Min hydraulic conductivity grid (m/h 21. Hyd_Cond_CLIP
> Max hydraulic conductivity grid (m/t 21. Hyd_Cond_CLIP
= Min groundwater recharge grid (m/hr] <not set>

= Max groundwater recharge grid (m/hr, <not set>

» Min material depth grid (m) <not set>
= Max material depth grid (m) <not set>
<= Wlvalues <create>
< WI classes <not set>
El Options
Min global material conductivity (m/hr) 2.7000000000000002
Mazx global material conductivity (m/hr) 2.7000000000000002
Min global groundwater recharge (m/hr) 0.001
Mazx global groundwater recharge (m/hr) 0.001
Min global material depth (m}) 5
10
Parameter sampling runs 1
Catchment Area Calculation Multiple Flow Directicn
Preprocessing ]
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Satu

ration percentage

* Y E @
0ld_tandslides - /v P N 3 3
P 0ld_tandslides MR = o s e Igs P
73 area_of interest i A a u ra I o n e c e n a e
= aktogrammh 4 ¥ 75 area_of_interest s L At ‘» ¢ . b,
La, Urban ‘ \ e 4 7 Y == aktogrammh k. X L= NN X o )
@ rroogy [ [ 5 - 2 g, . ; (3 urban ' & - X Es L ;
3 Tw1_mOoDEL | @ Hydrology \ \ 3 = . <
(3 Morfology | (8 TWI_MODEL ' AT ) D
(3 Geology | 18 Morfology
% Topography | [ Geology
) RAIVPALL - data [ ([ Topography
% RUSLE_SoilErosion 5 A A RAINFALL - data
(3 SAGA_Landsides e - § B s RUSLE_SoilErosion
% B WIdasses_1 . % A % 3 } Landsi
i 1, : ? [ SAGA Landsides
¢ WI classes_1
Low Moisture 5-10
values 510
Partially Wet
Saturation Zone ‘ ﬂ'ggizgﬂ
VIvalues 5-1 o
§* T0BIA dasses 1% i 0.4013%0
i TOBIA index |k ey
|

UnitWeight_GRc...

§* Cc_Cohesion_mPa | | |

" aspect_aLp
slope_RADians
aspect_RADians
Dir_CLIP

0.799781

0.993001

§* TOBIA classes

3" TOBIA index

#*" UnitWeight_GRc...
§ Cc_Cohesion_MPa

DipDir_CLIP i aspect_CLIP
slope_CLTP 4" slope_RADians
1.5_DEM_CLIP

§* aspect_RADians

& pir_cLP

** DipDir_cLIP

* slope_cLIP

g 1.5_DEM_CLIP

#* ¢_cohesion_CLIP

" F_friction_CLIP

*" Hyd_Cond_cLIP
& UnitWeight_CLIP
Corine2000

(8 GeologicMaps_RASTER

Google Satellite

OCM Landscape

c_cohesion_CLIP

F_friction_CLIP

#" Hyd_Cond_cL1P

" unitweight_cLTP
Corine2000

(M GeologicMaps_RASTER
Google Satellite
0CM Landscape
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A = Susceptibility mapping

® Create TOBIA index and Classes
° ....Using the respective SAGA GIS module and

* ...Slope, Aspect, Dip and DipDirection maps

Meentemeyer R. K., Moody A. (2000). Automated mapping of
conformity between topographic and geological surfaces.
Computers & Geosciences, 26, 815 - 829.


http://www.google.gr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCsQFjAB&url=http://www.unc.edu/depts/geog/lbe/PDFs/Meentemeyer and Moody 2000 Comp Geo.pdf&ei=n4rGVJqsCcLYavCZgOAD&usg=AFQjCNHnJJo_Q-MaLE
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Dip and Dip Direction of geologic surfaces

Di r_ID.

DipDir_IDW

0.000000 4 R ;

10.000000 [ : srast (3 TwI_MoDEL
20.000000 y ¥ 3 (%) (3] Morfology

30.000000 : ~ ¥ L Gedlag

40.000000 X <& Y a | » SdOid
50.000000 - & h_\ D
60.000000 o ) = ] Dir IDW
70.000000 4 ! ’ ) 1 R 0.000000
80.000000 . ~48 Y : 10.000000
90.000000 3 . 20.000000
100.000000 - > ) » 30.000000
110.000000 ). ¥ A 40.000000
120.000000 ' 50.000000
130.000000 2 1y b 60.000000
140.000000 1 & -V 70.000000

150.00 2 v . S 6 00R0E

160.000! “ 4 gl ol
170.000000 ‘ . , boM
180.000000 A i Dip_IDW_SAGA. ...
190.000000 f DipDir_IDW_SA...
200.000000 @ Hyd_Cond
210.000000 )

220.000000 - I

230.000000

240.000000

250.000000

260.000000 F_internal_Fricti...
270.000000 ® Cohesion_MPa
280.000000 UnitWeight_gr._...
250.000000 .

300.000000

310.000000

320.000000

330.000000

340.000000

350.000000

360.000000

Dip_IDW_SA...

DipDir IDW ...
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®) &

Ly mappir

Lani

File

Geoprocessing Map  Window

2042 Coss v B W@ &G ([F

Manager

x

Properties: TOBIA

i Tools |5 Data | (@) Maps|

I settings | € Description ‘

B Tool Libraries

@ Termain Analysis

@ Channels

A Compound Analyses
@ Hydrology

@ Lighting, Visibility
@ Morphometry

@ Preprocessing
-4 Profiles

-4 Slope Stability

.. Mg TOBIA

0) Underdip slope

1) Dip slope

2) Overdip slope

3) Steepened escarpmemt
4) Normal escarpment

5) Subdued escarpment
6) Orthoclinal slope

The continuous TOBIA index ranges from -1 to 1 (parallel orientation)
The structure TOBIA should be calculated with can be set either distributed (through dip direction and dip grids. in degrees!). or globally using integers (dip and dip direction, in

@ Climate Tool

@ Garden Name TOBIA

& Grid D 1

@ Imagery Author A Gunther (c) 2012

- Import/Export

@ Projection Specification grid

@ Reports Menu Terrain Analysis > Slope Stability
@ Shapes

@ Simulation

i@ Spatial and Geostatistics Description

& TIN

@ Table This module computes both a continuous and a categorical TOBIA (Topography Bedding Intersection Angle) Index according to Meentemeyer & Moody (2000) For

computation, a slope and a aspect raster (both in radians) determining slope face orientations are required. The categorical TOBIA classifies the alignement of a geological
structure to Topography into seven classes:

2 ':;"fm’;ﬂm degreesl). The module creates a TOBIA class integer grid, and (optionally) a continuous TOBIA index grid.
i SHALSTAR Reference: I R_K_ Moody A (2000). Automated mapping of between topographic and geological surfaces. Computers & G 26.815- 829

(31 14. TOBIA index

g WEDGEFALL
L g WETNESS TOBIA o]
@ Visualization ) =
Data Objects 2
Name Tvpe_ Cl B Grids =4
) [ Grid system 14.997417; 1446x 1524y; 458121.783135x 4547,
Slope grid (rad) Grid (input) >> Slope grid (rad) 13. slope_RADians g
- >» Aspect grid (rad) 12. aspect_RADians H]
Aspect grid (rad) Grid (input) | » Dip grid (degrees) 19. Dir_CLIP
Dip grid (degrees) (*) Grid {aptional > Dip direction grid (degrees) 18. DipDir_CLIP _
r TOBIA cl t g
Dip direction grid {degrees) (%) Grid (upl\ona\_ OB]A S ::::; E‘ 3
|| = options
TOBIA classes Grid (autput) Global structure dip (degrees) 45 5
3 Global structure dip direction (degrees) 20 H
TOBIA index (*) Grid (optional
Options B
Global structure dip (degrees) ‘ Floating point |ﬂ3 ‘ Constant value if no raster set ‘ Default: 45.000000 %

Global structure dip direction (degrees) ‘ Floating point

e

‘ Constant value if no raster set

[ Deautt: 90.000000

() optional
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=== aktogrammh

= aktogrammh
(@ Urban (3 urban
I_@ Hydrology @J Hydrology
(8 TwI_MODEL [ TWI_MODEL
x L@ Morfology \ ﬂﬂ Morfology
@ Geology - o @ Geology
L Topography 7 % i (3 Topography
RAINFALL - data ¢ ; = ; il ALL - da
E RUSLE ’osnon < B 3 ‘ ¢ o PR
x SAGA_LandSlides ' . 5 \ : | { - { ok
WI classes_1 ’ ! : \ £ 5 N
WI values_5-10 2 s > WI values_5-10
TOBIA classes : ST p Y ; TOBIA classes
TOBIA index ¥ - ; :

; o UnderDip slope
0 3 a g ; S ¢ » Dip Io

0.50 ) 4 | ]

0.62 L )

0.75
0.87
0.99
umﬂ%j-t_c 9
Cc_Cohiesion_MP3

aspect_CLIP

Normal Escarpment
Subdued Escarpment

slope_RADians

aspect_RADians

Dir_CLIP

DipDir_CLIP

B slope_CLIP
1.5_DEM_CLIP
c_cohesion_CLIP
F_friction_CLIP
Hyd_Cond_CLIP

UnitWeight_CLIP
) Corine2000

L@ GeologicMaps_RASTER
Google Satellite

OCM Landscape

B cosmpoaps TR
Goosle satlie
i

B I Slope T = sect. D bireé;ion
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slide Susceptibility — TOBIA classe:

w aktogrammh

arca
!’j area_of_interest

@] Urban
== aktogrammh (3 Hydrology

| 3 urban 3 TWI_MODEL

b == sidhrodromiko_... @] Morfology

%] == Road Network [ Geology

b - oikismoi @] Topography

% # Main_cities_of_... ] RAINFALL -data

natura RUSLE_SoilErosion

|Vl SAGA_Landslides

urban_areas

WI classes_1
=) =
El-| | 5 area_CORINE Wi values 5-10
(@) ydrolooy %/ ¢ TOBIA classes
L@ TWI_MODEL UnderDip slope
%/ (] Morfology Dip Slope
|_lj| Geology OverDip Slope
@ Topography Steepened Escarp...
Normal Escarpment

Subdued Escarpment
Orthodinal Slope

(7] RAINFALL - data
E RUSLE_SoilErosion
£

SAGA_Landslides

WI classes_1

UnitWeight_GRc... |
WIvalues_5-10 Cc_Cohesion_MPa
TOBIA classes aspect_CLIP
UnderDip slope slope_aADians
Dip Slope aspect_RADians
OverDip Slope Dir_CLIP
Steepened Escarp... DipDir_CLIP
Mormal Escarpment slope_CLIP
Subdued Escarpment 15_bem_cup
Orthodinal Slope :—M"a‘;':p
TOBIA index o CondLTP
UnitWeight_GRc... tWeigh
Cc_Cohesion_HMPa = I UnitWooht QLI
! - () Corine2000
aspect_CLIP {01 GeologicMaps_RASTER
slope_RADians Google Satellite 3
aspect_RADians OCM Landscape Topographic Slope
Dir_CLIP
DipDir_CLIP = Bedding Plane
slope_CLIP
1.5_DEM_CLIP 3 ===
c_cohesion_CLIP S ’ P 7
:}Tfn:icclﬂ’l’ o s o\ e
| Cond_ ’ 9 e N e o
UnitWeight_CLIP 74 //// /' -/ / £ e '/)/ 7 / Vi,
) Corine2000 " <= : s,
3 Corne000 e LSS SIS A Wl S, St
Google Satellite /_// W AV avY Vi Lo il v 4 // i)
OCH Landscape G iy S — / v ‘/ // / = ” ".« f‘ /
Underdip Dip Overdip Steepened Normal Subdued
Slope Slope Slope Escarpment Escarpment Escarpment

Cataclinal Slopes Anaclinal Slopes
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ide HA = Factor of Safety

Landsi

e (Calculate Factor of Safety (FS) — water — 5m thick sliding mass*
¢’ + (yY-mY,)z cos’P tand’
vz sinf cosf3

in which: "LLI11_test_arthmits®1" H R

F =

Raster bands Result layer

"11111_test_paronomastis@1”

5 ~ . . 2 "1, in Pl l
C = effective cohesion (Pa= N/m”). igmg"g’:%lp;f’omm (Thin Plate Spine P r—
. ) . i1 (N/ 3 'AE;ETE:_GEOL@Y Wmin | 457930.48722 | ¥Max | 479980.48722 =
a —_ . . 5 "l GEOL@Z"
fr = unitw elght of sol ( m } 'Akhl:dhgkh:GEOL@S' Ymin | 4547037.17790 S| Ymax 4570332.17790 =
. . "C_N_m2@1"
m = 7,/z (dimensionless). Iggg&:;gglﬁ-e-_“;::;;ﬁg, Colurns | 1470 + Rows | 1553 :
. . . 3 :CCFCo_hesion_MPar@ 1" @ Qutput format GeoTIFF -
Vo = unit weight of water (N/m). (ofhesion M0 e T
Z = depth of failure surface below the surface (m). > @zairs
7 = height of watertable above failure surface (m). ’ : e = . e .
; ! = o - / cos asin tan atan )
B = slope surface inclination (°).
| < > = <= = AND OR
0 = effective angle of shearing resistance (°). Raster calaator expresson

("C_N_m2@1" + { "g.N_m3@1" - "WI values_5-10@1" * 10000 ) *5* cos ( slope_RADians@1") * cos ( slope_RADians@1™)

- -.-USing the information Iayers created * "tan,fi_RADE1") [ { ‘.N_m3E1" =5 * sin  “slope_RADians@1") * cos { “slope_RADians@1") ) |
previously and the RASTER
CALCULATOR module in QGIS

* We are currently working into incorporatin
calculate the soil thickness in the entire area

Expression valid

a geomorphological model to Conce
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_ Old_Landslides
| area

:J area_of_interest
w= aktogrammh

@1 Urban

[jﬂ Hydrology

(3 TwI_MODEL

" @1 Morfology
" [jﬂ Geology

LUl L L L L L L) L - L)

(A

]

i springs

== area_TECTON..
" Dir_1IDW

4*" DipDir_IDW
+* Dip_IDW_SA...
3" DipDir_IDW_...
& Hyd_Cond

* hydr_conduc...

§ tanfi_RAD

& c_coh_MPa

o gN_m3

g C_N_m2

#* F_internal_Fr..
*" Cohesion_MPa

o*" UnitWeight_g...
¢ UnitWeight_k...
" c_cohesion_g...

" ES 5m

0.000000

0.200000

0.400000

~ | 0.600000
0.800000
1.000000
1.200000
1.400000
1.600000
1.800000
2.000000
2.200000
2.400000
2.600000
2.800000
3.000000
11111 _test_...
11111_test_...
UnWeight_gr...

\@1 Topograph:

-

ION

Land

;(\(

]

=
=

SciNet NatHaz

Prevention

Common borders. Common solutions.

S

U

A 3

Ay SRy

b

mparesFS with recorde

i

ide HA = Factor of

£

ane's

)
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Landsli

e Hazard ...FS on Regional Scales

s Y@ @ 2

v

mm area_TECTONICS |4
Dir_IDW
DipDir_IDW
Dip_IDW_SAGA ...
DipDir_IDW_SA...
Hyd_Cond
hydr_conductivity
tan.fi_ RAD
c_coh_MPa
ag.N_m3
C_N_m2
F_internal_Frict...
Cohesion_MPa
UnitWeight_gr_...
UnitWeight_kN_...
c_cohesion_geo...
FS_reclass
<1
1-1.2
1.2-1.5
> 1.5 ] 25 _ -,
FS_5m T ' ai i : B oD it F5_reclass
FS_5m copy ) 7 2 mAL ; a e ¢ s 3% <1
11111 test_ari...

11111 _test_par...| | | ) : : . 1-1.2
UnWeight_gr_c... "~; il s ) ' 7 3 ¢ r s y 1.2-1.5

[~ area_GEOLOGY 5 ; ) e

_| DpipDir_pip_ALL...

— tectonic_Data_...

[l nORTERN_GREE...

(- makedonia_geo...

[l SAGA_Landslides
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Landslide HA = Factor of

Layers B
> Y E E Q
x Old_Landslides
| area

area_of_interest
== aktogrammh

(@ urban
[V Seismic
(3 Hydrology
(3 Tw1_moDEL
@ Morfology
(31 Geology
Margaris_PGA
7 springs
== area_TECTONICS
® Dir_IDW
® DipDir_IDW
® Dip_IDW_SAGA algor...
® DipDir_IDW_SAGA al...
® Hyd_Cond
@ hydr_conductivity
® tan.fi_RAD
® c_coh_MPa
® aN_m3
® C_N_m2
® F_internal_Friction
® Cohesion_MPa
® UnitWeight_gr__cm3
® UnitWeight_kN_m3
c2] c_cohesion_geology
& FS_Sm
£ % & FS_5m copy
0.000000
1.000000
2.000000

11111_test_parono...
UnWeight_gr_cm3
(c2] ) area_GEOLOGY
_| pipDir_pip_ALL_NEW
— tectonic_Data_For_H...
] ) makedonia_geology...
{8 Topography

% RAINFALL - data

3.000000
@ 11111_test_arithmitis

RUSLE_SoilErosion
(W) SAGA_Landslides
Corine2000
[ GeologicMaps_RASTER
Bing Aerial
% Google Hybrid
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s v @@

_ Old_Landslides (2]
| | area
:) area_of_interest
w= aktogrammh
(8 urban
ﬁf,‘ Hydrology
{31 TWI_MODEL
" ﬁf,‘ Morfology
" @1 Geology
I springs
= area_TECTON...
%" Dir_IDW
" DipDir_IDW
°#" Dip_IDW_SA...
*" DipDir_IDW_...
" Hyd_Cond
%" hydr_conduc...
o tan.fi_RAD
" c_coh_MPa
o gN_m3

a
=)

o#" F_internal_Fr...
" Cohesion_MPa
o# UnitWeight_g...
*" UnitWeight_k...
% cohesion_g...
/5m
000000
120000, g—y
0.400,

LU L L o L ) L L) )

-
@
o
=1
=}
=1
o

UnWeight_gr...
{ area_GEOLOGY
_| pippir_pip_a...
— tectonic_Dat...
=) [~ makedonia_g...
(1 Topoaraph s
E

[ L L 1)




