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EE Hydrology
(8] TwI_MODEL
@7 Morfology
:,@ Geology
~ @ Topography
% A trigonometrika_...
A trigonometrika
x CONTOURS_new...

% RAINFALL - data

A Input topographic data
Contour Lines
Elevation points

RUSLE_SoilErosion
| SAGA_Landslides
Corine2000
@ GeologicMaps_RASTER
Google Satellite
OCM Landscape
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Ht‘sal! Elevation Mic

3 GRASS commands [158 geoalgorithms]
%) o Models [5 geoalgorithms)

5: Inverse
0 v i Polygon centroids
| X B vori A 2 &8 GOAL/OGR [32 geoalgorithms]
X CD ¢ X q) 9 B aspect_RADians LY ' ) & GeoServer/PostGIS tools [8 geoalgorit
| . . RADians K
: o {
b

3 €8 Orfeo Toolbox (Image analysis) (82
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Hydrology- Assessmeint of Flood prone areas

| % I @ Lnverse QISTENCE weigntea
Pnlygnn centroids
7 TWL/ SAG - . GDALJ’OGR [SZQEUa\gDmhms]
RUN t el=iApat th
Paramete; Log q p GRASS la e I e
7\ X | LT 1T\O A l\’ludEIs 5
DEM impart [ [Example mﬂdels]

[~ Tooks

= TWI & SAGA WI - Locate Flash F
o TWI /SAGA WI

Orfeo Toolbox (Image analysis)

QGIS geoalgorithms [68 geoalge

1.5_DEM_CLIP [EPSG:2100]
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¥ Open output file after running algorithm Geostatistics

Grid - Analysis

Grid - Caloulus

Grid - Filter

Grid - Gridding

% Open output file after running algorithm Grid - Spline

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

Flow Directions

- -

% Open output file after running algorithm
Catchment area

Ton

“¥ Watershed Basins

M Nnen outout file after runnina aloorithm

4F DEM import .}Z\ *¥ Flow Directions
! o In “» Filled DEM
Run Cos 4 & Fill sinks (wang & liu) 3 5 e e

“¥ Catchment area

TWI, SAGA WI Stream Power InJ S””E”“'"dba5|nsmstream

network and othe?””?ﬁmé°§“W|ll be‘created.
I dzti 2 Y1 G.A OF Tt &H- - PR

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

Layess [BIx]
= Y@ @ O3

0ld_Landslides

area

13 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:

- -

CEoRG

&

Layes
(R N R |

" 0ld_Landslides
x| | area
7§ area_of _interest
= aktogrammh
(0 urban
(0 Hydrology
(8 Tw1_MODEL
saturation2
Saturation

*

Stream Power I...

SAGA Wettness ...
Specific Catchm...

Modified Catch
Flow Directior
Watershed Ba:

*

(9 Morfology

(@ Geology

| Topography

(7] RAINFALL - data

E RUSLE_SoilErosion
(9] SAGA_Landslides

5 Corine2000

(3] GeologicMaps_RASTER
Google Satellite

OCM Landscape

121x]

Catchment Area...
Catchment Slop...
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Slope and Aspect majps
A Create SLOPE and ASPECT maps
I Please NoteQGIS uses/calculates angles in RADIANS.

Layers S Layes (S
s Y EE O I & ¥ @ @ O
_ Old_Landslides . Old_Landslides
x .i area x ,i area g
»d area_of_interest »d area_of_interest s >
== aktogrammh == aktogrammh
* (@ urban | (3 urban e
L@ Hydrology @] Hydrology ]
(8 Tw1_MODEL (8 Tw1_MoDEL SGES Y
%! (@] Morfology | (] Morfology ;_ \
aspect_RADians ~
=] slope_RADians 0.245113 g
0.00471153 1.409962 =
0.695745 2.574812 ﬂ \
hillshade 3.739661
ruggedness 4904511 a ‘
aspect 6.069360
slope slope_RADians
relief " hillshade
{1.5SIMPLE_cont... ruggedness
1.5_DEM aspect
L@ Geology slope
@] Topography relief
(1] RAINFALL - data 1.5SIMPLE_cont...
g RUSLE_SoilErosion 1.5_DEM
|Vl SAGA_Landslides @] Geology
() Corine2000 (3 Topography
(@] GeologicMaps_RASTER (3] RAINFALL - data
Google Satellite RUSLE_SoilErosion
OCM Landscape g SAGA_Landsiides
= Corine2000
(W GeologicMaps_RASTER

Conversions in DEGREES may be needed in the process
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AEssential Information comes from the
Geologic map
| Geologic formations
| Dip and Dip Direction
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angle), h (hydraulic conductivity), unit weight)
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seology — Engineerin -

A Calculateit / 2KSaAz2y o00QUT A A diii) Unft Béight agd¥v)
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 I H=5m  H=50m I
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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gy — Engineerin
ADigitize the Geologic Map

to geologic formation

x

x

: bl B @ L 1 Seart

x ./ Attribute table - area GEGLOGY = Features W=k

x —. =

x g alE mEE % | &= .

: M_cC PERIMETER AREA [GME_MAME | JRO_CO| C P ¥ g_kN_m3 |Hyd_Conduc| C.N_m2 aN_m3 | fi_RAD

x o |Pt 17205.425| 2618217.828 | Kiw Neu 121 8| 25| L800| 17658  2.50000| 5000.0000| 17658.000| 0.4353

x ; | |1 g[schi. 264.969 4g27.945 |KaTw New... 413| 30| 23 2700 26.487 1.50000 | 30000.0000 | 26487.000| 0.3665

% || MPLLst g schi) F@lr\*ﬂ'T : HLat 2 26,487 1,50000 | 30000.0000 | 25487.000| 0.3665

x M-Pl.st,| mr I |121| g 5. % 1 I‘u Iq 3 5 26.487 4,00000 | 94000.0000 | 26487.000| 0.5411 0.600

x mr s |rt 4470.918| 250013,383 | KaTw Neu... 311 NH 25| 1800 17.658|  2.50000| B000.0000| 17658.000| 0.4363  0.46¢

x mr.d s |m 486.214 9410.828 | Kimw Neu 323| 94| 31| 2700 26.487|  4.00000| 94000.0000 | 26487.000| 0.5411]  0.60C

® mrd u N N 1183.697 |  73727.187 |KaTw Neu... 413 59 35| 2700 26.487|  2.50000| 59000.0000| 26487.000| 0.6109|  0.70C

: :‘;z:t I\-7 "\ 1197.833|  §2850.883 |Karw New... 311 0| 33| La00| 17.658|  4.00000 0.0000| 17658.000| 0.6632)  0.78:

x Na.c2 20709.849 | 25583317.827 | Ayhoboy 222 53| 34| 2.650| 25.997|  3.00000| 53000.0000 | 25997.000| 0.5334|  0.67¢

x Na.l1 g |e2 8317.077 | 1707235.767 | Axhadoy... 42 5| 33| Lso0| 17658)  4.00000| 5000.0000| 17658.000| 0.8632|  0.78:

x Na.l2 R 10 el 2211.929| 181100.154 | Axhadoy... 42 5| 32| Lso0| 17658  4.00000| 5000.0000| 17658.000| 0.5585  0.62¢

x Ngs " L 11 |d 5339.410 348796.514 | Ayhaday... 31 5| 28| Lsoo| 17658) 270000 5000.0000| 17558.000| 0.4887|  0.53:

x Ng. tv-mi -4 f 12 | 548,239 17449.036 | Ayhodoy... 321| 32| 18| 2.300) 22563 1,50000 | 32000.0000 | 22563.000| 0.3318  0.3%

x Ng1 7 2 13 |ol 825.987|  28115. 140 | AxAadox. 321 32| 19| 2.300[ 22.563 1.50000 | 32000.0000 | 22563.000| 0.3316|  0.3%

x ol ey : 14 |ol 2333.585| 146100.504 | Ayhadoy... 321 32| 18| 2300 22563 1.50000 | 32000.0000 | 22563.000 0.3318  0.3%

X Pl.cst 15 |mr 2134.190| 285691.607 | Axhadoy... 323| 94| 31| 2700| 26.487|  4.00000) 94000.0000 | 25487.000| 0.5411]  0.60C

x :lt.t B 5 |mr §44.204|  23543.455 | Ayhadox.. |y 323| 94| 31| 2.700| 26.487|  4.00000|4000.0000 | 25487.000| 0.5411]  0.60C
ot. 7 v . 2 ™ 3 T ™l 7 . .0000| 26487.000| 0.5411  0.60C
o PLt2 l %g 0 L AabgH. 1 1.300 @5 Qo 501:‘0000 18639.000 | 0.4887 0.538

x Ptl,s 1g_|mr 455.823 | |§11108.927 | Ayhaloy... 323 94| 31] 27000 26.487|  4.00000) 94000.0000| 25487000/ 0.5411]  0.6007

% [ pt.sc2 4 |

x Pt. e ¥ R — -

x Pt. 5 , [ Pt.t1 ‘

e,
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afety — Calcu

Factor of

—

—_— akto;ral_nmh

— To T o T Urban
oo - W N I
- Home | Tnsert Page Layout Formulas Data Review  View Add-Ins ABBYY FineReader 11 Acrobat @ - 7 X % TWI_MODEL
BT R o il =i | Genel - =) ) || St | X - ? ‘m forfology
|;a£ - B I U-[E-d- A~ ‘ B = -0 .00 Cnr?\g%nal in%t _c? ¥ petete + || [3]~ Sort & ﬂ& L’ G:ology_
- 7 ‘ o] ] a- EXhallE RACTRRR (b 1 Formatting = as Table - Styles - || [l Format = || (2~ Fijter~ Select = | 1 springs
Clipboard & Font ic} Alignment ) Number it} Styles Cells Editing E e :l.'eaIBI"IEvCTOHICS
» < ir_
0 s £ | | 5 DipDir_IDW
A B c D E £ G H 1 ) K L M N f C Dip_IDW_SAGA ...
1 Ewaywyr §edopévwv m DipDir_IDW_SA...
2 L Hyd_Cond
3 gn,ab ] gn,ab,sch ] gh,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
5 Gsl 30 20 EH a1 30 20 29 29 31 ER| gN_m3
7 mi 23 23 23 23 12 12 10 10 26 2 % 2% C nom2
3 D 1 1 1 1 1 1 1 1 1 + 0.000000
9 Ei 40000 | 40000 30000 30000 85000 | 85000 30000 30000 48000 48( - 23376.600000
10 MR a00 400 300 300 850 850 300 300 00 a4 ; 46753.200000
11 Hoek Brown Criterion 3 70129.800000
12 |mb 0.15497 0.15497 0.16645 0.16645 0.08085 0.08086 0.06273 0.06273 018316 0.1t ; 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 H 116883.000000
14a 052234 0.52234 052089 0.52089 052234 0.52234 052390 0.52390 052089 0.52 i F_internal_Fricti...
15 Failure Envelope Range E Cohesion_MPa
16 Application Slopes  Slopes Slopes  Slopes Slopes  Slopes Slopes  Slopes Slopes n UnitWeight_gr ...
17 sig3max (Mpa) 012892 1.04787 012946 1.05227 0.12066 0.98074 012344 1.00331 013236 w UnitWeight_kil_....
18 Unit Weight (MN/m3) 0.026  0.026 0.026  0.026 0025 | 0025 0.026  0.026 0.026 N icolvesion loto
19 Slope Height (m) B 50 B 50 B 50 B 50 B C s
20 Mohr-Coulomb Fit E 11;11 e
21 ¢ (Mpa) 0.0587 | 0.2299 0.0616  0.2391 0.0530  0.1798 0.0500  0.1653 0.0635 C 1111 et s
22 phi (degrees) 516 351 523 359 463 299 436 274 544 =
23 Rock Mass Parameters E & ::ev:ez:(:[g;—:ms
24 sigt [Mpa) -0.0055 -0.0055 -0.0061 -0.0061 -0.0106 -0.0106 -0.0116 -0.0116 -0.0065 ) —
25 sige (Mpa) 0.2256  0.2256 0.2503  0.2503 0.2256  0.2256 0.2031  0.2031 0.3004 L pippir_pip_ALL_...
26 sigem (Mpa) 45577 | 4.5577 47I51 47751 3.2471  3.2471 28123 2.8123 6.1073 | | — 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 | opograpny
29 RAINFALL - data
30 AnotsAéopara . RUSLE_SoilErosion
31 H(m) &  c(kPa) | H(m) &  c(kPa) | H(m) &  c(kPa) | H(m) &  c(kPa) | H(m) i
32 5 5L61  58.71 5 5230 6165 5 4631 52.98 5 43.63  50.02 5 |
33 S0 3514 22990 | S0 35.88 23911 | 50 2990 17985 | 50 2739 16530 | 50
: O dzt
35| TEAIKEZ TIMEZ [ & [cikpa) [ & [cikpa) [ & [cikpa) [ & [cikpa)
3 [ 35 [ so [ 36 | 62 [ 30 [ s3 [ 27 [ s0
= - . .
e e e = A Effective cohesion map (right
Ready |
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gy — Engineering Geology

== -— akto;ra:nmh
w= aktogrammh

3 @ Urban
| (3] urban 8 Hydrology
(31 Hydrology 8 TWI_MODEL
31 TWI_MODEL ¢ (3] Morfology
= @B Morfology 3 @ 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 I SR . : p h
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 oF Sy i 45.954000
F_internal_Fricti... i e Cohesion_MPa
Cohesion_MPa 2 5 - UnitWeight_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...

b 11111_test_par...
11111 test_par... UnWeight_gr_cm3
UnWeight_gr_cm3 9 area_GEOLOGY
B[ | (9 area_GEOLOGY v | DipDir_Dip_ALL_...
DipDir_Dip_ALL_... v N — tectonic_Data_F...
— tectonic_Data_F... s ) makedonia_geo...
. % makedonia_geo... o s . v [j]] Topography
| Topography ~ . (3] RAINFALL - data
(] RAINFALL - data 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 2 o2 @ﬂ Hydrology
(8 TwI_MoDEL 3 (8 TwI_MODEL
. @ Morfology % % 1 g ﬁﬂ Morfology
" @ Geology g % o @fﬂ Geology
i' springs s 1 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...
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