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joint spacing. A 'v' indicates that the block size parameter was 

varied. 
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4.12 UDEC input file for a 1000 m limestone rock mass with variable 

joint spacing. A 'v' indicates that the block size parameter was 

varied. 

4.13 UDEC input file for a 1000 m granite rock mass with variable joint 

spacing. A 'v' indicates that the block size parameter was varied. 

Chapter 7 

7.1 UDEC input command file used to simulate the northern cirque 

headwall at Torre de Salinas. 

7.2 UDEC input command file used to simulate the central cirque 

headwall at Torre de Salinas. 

7.3 UDEC input command file used to simulate the southern cirque 

headwall at Torre de Salinas. 

7.4 UDEC input command file used to simulate the north-south profile 

of the western section of Pica de Ia Padierna. 

7.5 UDEC input command file used to simulate the north-south profile 

of the central section of Pica de Ia Padierna. 

7.6 UDEC input command file used to simulate the north-south profile 

of the eastern section of Pica de Ia Padierna. 

7.7 UDEC input command file used to simulate the north-south profile 

of Tiro Pedabejo. 

7.8 UDEC input command file used to simulate the east-west profile of 

Tiro Pedabejo. 

7.9 UDEC input command file used to simulate the north-south profile 

of Canchorral de Hormas. 

7.10 UDEC input command file used to simulate the east-west profile of 

Canchorral de Hormas. 

7.11 UDEC input command file used to simulate the east-west profile of 

Los Montes with no simulated road-cut. 

7.12 UDEC input command file used to simulate the east-west profile of 

Los Montes with simulated road-cut. 

7.13 UDEC input command file used to simulate the north-south profile 

of Los Montes. 

7.14 UDEC input command file used to simulate the north-south profile 

of Allende. 

7.15 UDEC input command file used to simulate the east-west profile of 

Allende. 
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Figure 4.2: Stress boundary conditions imposed on each model. Arrows represent 

stress boundaries, while the cirCles I squares indicate a velocity boundary used to fix 

the model in space. 
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Fi$Jure _4.1 Oa: Strain zone development in a 1 m limestone rock mass with 0.05 m 

block size. 

324 



UDEC (Version 3.10) 

S..AJ~02 15:41 
cycle 30000 

displacerrent magnrtuda 
contour nterval= 5.000E-1 o 
5.0006-10 to 3.ooOE-09 

S.OOOE-10 
1 OOOE.W 

t . SOOE-09 

2 OOOE-00 

2 SOOE-09 
3 OOOE.09 

30 000 iterations 
UWersi1y of ~mam 
Department of Geography 

0.100 

JOB TITLE : Strain zones : t_rrestona 1 m, 0.1 mjoi'llspacing 

UDEC (Version 3.10) 

S..AJ_!c02 15:42 
cycle 480000 

d1splacerren1 magMude 
contour inlerval= 2 0006-03 
2.000E-03 to 1.600E-02 

2.000E-03 

4.000E..03 

6 OOOE-03 

8 OOOE-03 

t .OOOE-02 
1 200E-02 

1 -400E-02 

1.600E-02 

480 000 iterations 
lhversi1y oll»ttam 
Departmenl of ~gr~P.hY 

0 ... 

0 900 

0 100 

0500 

OlOO 

0 .100 

OlOO 0500 0100 0 .900 

0 900 

0 100 

OJOO 

o•oo 

OJOO 0500 0100 0900 

figure 4.1 Ob: Strain zone development in a· 1. m limestone, rock mass with 0.1 m block 

si~~· 



UDEC (Version 3.10} 

&-.M02 15:43' 
cycle 30000 

displacerrenl magMude 
contour Interval= 2.000E-10 
2.000E-10 to LBOOE-09 

2.000E-.10 
4 OOOE-10 

6 OOOE-10 

8 OOOE-10 

1 OOOE-09 

1.200E-09 

L 400E.Q9 

1.600E-09 

1 SOOE-09 

30 000 iterations 
llniversily of ·o..mam 
Department of GeOgraphy 

0 UIO 

JOB TITLE : Strain zones : Lirreslone 1m. 0.2 mjoinl spacing. 

UPEC (Version 3. 10} 

E>-Ju~02 15:44 
cycle 480000 

displacerrenl magnitude 
contour interval= 5.000&03 
5.000E-03 io 2.500E-02 

5 OOOE-03 
1 OOOE-02 

1 SOOE-02 

2.000E-02 

2 SOOE-02 

480 :000 iterations 
Uliversily of. CI.Jrham 
O.partmenl of Geography 

""' 

0900 . 

0.700 

0 500 

0 300 

- 0100 

0300 0 500 o.roo 

01>00 

0100 

0 500 

0 300 

""' 

0 300 0500 0700 01>00 

Figure 4.1 Oc: Strain zone development in a 1 m limestone rock mass with 0..2 m block 

size. 
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Figure 4.10.d: Strain zone development in a 1m limestone rock masswith 0.3 m,block 

size. 
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Figure 4.10e: Strain zone development in a 1m limestone rock mass with 0.4 m block 

size. 
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Figure 4.10f: Strain zone developmentin a 1 m limestone rock mass with 0.5 m block 

size. 
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Figur:el4.11a: Strain zone development in a 1 m sandstone rock mass with 0.05 m 

block size. 
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Figure 4.12d: Strain zone development in a 1 m granite rock mass with 0.3.m block 
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Figure 4.14: Displacement vector plots for a 1m limestone rock mass with 0.05 and 

0.1 m block edge length. 
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Figure 4.15: Displacement vector plots for a 1m limestone rock mass with 0.2 and 
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Figutre 4.19: Stress-strain response of a 1 0 m granite rock mass with varying block sizes. 
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Figure 4.24a: Strain zone development in a 10m granite rock mass with 0.5 m:block 

size. 
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Figure 4.24b.: Strain zone development in a 10 m granite rock mass with 1 m block 

size. 
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Figure 4.24d: Strain zone development in a 10m gra.nite rock mass with 3m block 

size. 
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Figu.re 4.24f: Strain zone development in a 10 m granite rock mass with 5 m block 

size. 
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Figure 4.26: Joint shear magnitude during loading for 10 m limestone, sandstone and 

granite rock masses. 
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Figure 4.30: Deformation moduli during loading for 100 m limestone, sandstone and 

granite rock masses. 
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Figure 4.31: Joint normal closure during loading for 100 m limestone, sandstone and 

granite rock masses. 
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Figure 4.32: Joint shear magnitude during loading for 100 m limestone, sandstone 

and granite rock masses. 
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Figure 4.33: Block rotation magnitude for 100 m limestone, sandstone and granite 

rock masses. 
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Figure 4.34a: Strain zone development in a 100 m limestone ,rock mass with 5 m block 

size. 
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Figure 4.34b: Strain zone development in a 100 m limestone rock m·ass with 10 m. block 

size. 
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Figure 4.34c: Strain zone development in a 100 m limestone rock mass with 20 m block 

size. 
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size. 
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Figure 4.34e: Strain zone development in a 100 m limestone rock mass with 40 m block 

size. 
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Figure 4.34f: Strain zone; development in a 100 m limestone rock mass with 50 m block 

size. 
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Figure 4.35a: Strain zone development in a 100 m sana stone rock mass with 5 m 

block size. 
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Figure 4.35b:: Strain -zone development in a 100 ·m sandstone rock mass with 10 m 

block size·. 
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Figure 4.35c; Strain zone development in a 100 m sandstone rock mass with 20 m 

block size. 
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Figure 4.36f: Strain zone development in a 100 m granite rock mass with 50 m block 

size. 
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Figure 4.40: Deformation moduli for 1000 m limestone, sandstone and granite rock 

masses. 
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Figure 4.41: Joint normal closure for 1000 m limestone, sandstone and granite rock 

masses. 
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Figure 4.42: Joint shear displacement for 1000 m limestone, sandstone and granite 

rock masses. 
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Figure 4.43: Block rotation magnitudes for 1000 m limestone, sandstone and granite 

rock masses. 
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Figure 4.44a: Strain zone development in a 1000 m limestone rock mass with SO m 

block size. 
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Figure 4.44b: Strain zone development in a 1000 m limestone .rock mass with 100 m 

block size. 

404 



UDEC (Version 3.10) 

S..AJ~02 16:26 
cycle 30000 

<fosplacement magnitude 
contour Interval= 1.000E-04 
1 OODE-04 to 7 OOOE-04 

1.oo:>E .{)A 

2.000E-04 

3 OOOE-04 

4 OOOE-04 

5.000E-04 

6 OOOE-04 

7.000E-04 

30' 000 iterations 
Uliversrty of [)Jrtlam 
Department of Geograplly 

0000 . 

0 100 

0500 

0100 

0.100 O.lOO 0100 0 000 

I---'JOB='-'TTTLE==-·:....=:Sir:.:81:::.n:..:z:.:on:..c•:::•c_· Lme=·=s=ton= e -"1000y=.:..:m."-2:::00:.:.:..:m"-'jo=in=t-=s"'pa:::c::::ing:L-___ ________________ ----, r• .. ,. 

UDEC (Version 3.10) 

S.Ju~02 16:27 
cycle 480000 

displacement megnltude 
contour interval= 2.000E-01 
2.000E-01 IO 1 200E+OO 

2.000E-<l1 

4 OOOE-01 

6 OOOE.01 

8 OOOE..Q1 

1 OOOE•OO 
1 200E..OO 

480 000 iterations 
Uliversity of [)Jrflam 
Department of Geography 

0"0 O lOO "00 
il0"3) 

0 100 

o ... 

"" 

0500 

'"" 

0 •oo 

0 800 

Figure 4.44c: Strain zone development in a 1000 m limestone rock mass with 200 m 

block size. 
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Figure 4.44d: Strain zone development in a 1000 m limestone rock mass with 300m 

block size. 
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Figure 4.44e: Strain zone development in a 1000 m limestone rock mass with 400 m 

block size. 
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Figure 4.44f: Strain zone development-in a 1000 m limestone rock mass with 50,0 m 

block size. 
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Figure 4.45a: Strain zone development in a 1000 m sandstone rock mass with 50 m 

block size. 

409 



UDEC (Version 3.10) 

S..M02 10:44 
cycle 30000 

block plot 
d-.splacement magn~ude 
contour i1terval= 2 .OOOE·04 
2.000E-04to 1.000E-03 

2.000E-{)4 

4.000E-04 

6 OOOE-04 

8 OOOE..Q.4 

1.000E.()3 

30 000 iterations 
lkliversity of D.unam 
Department of Geography 

UDEC (Version 3.10) 

S..M02 10·45 
cycle 480000 

block plot 
d-.splacerrent magnitude 
contour i1terval= 2 OOOE-01 
2.0001:-01 to 1.800E+OO 

2.000E..01 

4 OOOE-01 

6 OOOE-01 

8 OOOE-01 
1 OOOE +OO 

1 200E • OO 

1 400E•OO 

1 600E•OO 

1 sooe...ao 

480 000 iterations 
lkliversity of O.nham 
Department of Geography 

OH" OJOO 

0\00 "" 

0500 
(",0"3) 

0100 

07!10 

0!100 

0100 

osoo 

0000 

0100 

0300 

"" 

0000 

Figure 4.45b: Strain zone development in a 1000 m sandstone rock masswith 100m 

block size. 
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Figure-4:45c: Strain zon·e development in a 1000 m sandstone rock mass with 50 m 

block size. 
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Figure 4.45d: Strain zone development in a .1000 m sandstone rock mass with 300m 

· block size. 
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Figure 4.45e: Strain zone development in a 1000 m sandstone rock· mass· with 400 m 

block size. 
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Figure 4.45f: Strain zone development in a 1000 m sandstone rock mass with 500 m 

block size. 
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Figure 4.46a: Strain zone development in a 1000 m granite rock mass with 50 m block 

size. 

41'5 



UDEC (Version 3.10) 

6-Ju~02 t2:22 
cycle 30000 

block plot 
displacerrent magMude 
contour interval= 2.000&04 
2.000&04 to t 000&03 

2 OOOE-04 

4.000E-04 

B OOOE-04 

B.OOOE-04 

1.000E-03 

30 .000 iterations 
University of CUrham . 
Departrrent of Geography 

UDEC (Version 3.10) 

6-Ju~02 t 2: 23 
cycle 480000 

block plot' 
displacerrenl magnttude 
contour interval= 2.000&02 
2.000&02to t 400E-Ot 

2.000E..Q2 

4.000E-02 

6.000E-02 · 
8 OOOE-02 

1.000E-01 

1.200E-01 

1 400E-01 

480 000 Iterations 
University of CUrham 
Departrrent of Geography 

0100 0>00 

0100 DlOD 

0500 
ru>•JJ 

0.700 

O.JOO 

DilDO 

0700 

0000 

D3DO 

0100 

D900 

0900 

0700 

0500 

0]00 

0100 

DilDO 

Figure 4.4.6b: Strain zone development in a 1000 rh granite rock mass with 100 m 

block size. 
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Figure 4-.46c: Strain zone development in a 1000 m granite rock. mass with 200 m 

block size. 
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Figure 4.46d: Strain zone development in a 1000 m granite rock mass with 300 ri1 
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Figure 4.46e: Strain zone development in a 1000 m granite rock mass with 400 m 

block size. 
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Figure 4.46f: Strain zor:1e development in a 1000 m granite rock mass with 500 m 

block size. 
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Figure 4.47: The stress-strain response of a rock mass compared to that commonly 

seen for intact rock. 
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Figure 4.51: Comparison of joint normal closure and deformation modulus for all block 

sizes and lithologies at a range of outcrop scales. 
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Figure 6.3: Generalised geological section of the Wadi Rum-AI Quwayra region of 

southern Jordan (After Bender, 1975) 
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Figur~ 6.6: Contoured polar projection of the discontinuities at AL 1, Wadi Rum, Jordan. 
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Figure 6.7: Contoured polar projection of the discontinuities at AL2, Wadi Rum, Jordan. 
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Figure 6.8: Contoured polar projection of the discontinuities at AL3, Wadi Rum, Jordan. 
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Figure 6.9: Contoured polar projection of the discontinuities at AL4, Wadi Rum, Jordan. 
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Figure 6.10: Contoured polar projection of the discontinuities at AL5, Wadi. Rum, Jordan. 
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Figure 6.11: Contoured polar projection of the discontinuities at AL6, Wadi Rum, ~ordan. 
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Figure 6.12: Contoured polar projection of the discontinuities at AL 7, Wadi Rum, Jordan. 

Fisher 
Concentrations 

% of total per 1.0 % area 

0.00- 3.00% 
3.00- 4.13% 
4.13- 5.25% 
5.25- q.38% 
6.38- 7.50% 
7.50 - 18.63% 
8.63- 9.75% 

9.75- 10.88% 
10.88,. 12.00% 

>12.00% 

No Bias Correction 
Max. Cone. = 14.9018% 

Equal Area 
Lower Hemisphere 

43 Poles 
43 Entries 



~ 
(j) 
........ 

ALB, Wadi Rum, Jordan 

E 

Figure 6.13: Contoured polar projection of the discontinuities at ALB, Wadi Rum, Jordan. 
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Figure :6.14: Contoure~ polar projection ofthe discontinuities at AL9, Wadi Rum; Jordan. 
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Figure 6.15: Contoured polar projection ofthe discontinuities at AL 10, Wadi Rum, Jordan. 
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Figure 6.16: Contoured polar projection of the discontinuities at AL 11, Wadi Rum, Jordan. 
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Figure .6.17: Contoured polar projection of the discontinuities at AL 12, Wadi Rum, Jordan. 
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Figure 6.18: Contoured polar projection of the discontinuities at AL 13, Wadi Rum, Jordan. 
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Figure 6.19: ·contoured polar projection of the discontinuities at AL 14, Wadi Rum, Jordan. 
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Figure 6.20: Contoured polar projection of the discontinuities at AL 15, Wadi Rum, Jordan. 
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Figure 6,21: .Contoured polar projection of the discontinuities at AL 16, Wadi Rum, .Jordan. 

Fisher 
Concentrations 

% of total per 1. 0 % area 

0.00- 3.00% 
3.00- 5.13% 
5.13- 7.25% 
7.~5- 9.3~% 

·9.38 -11 .50% 
11 .50- 13.63% 
13.63- 15.75% 
15.75- ·17.88% 
17.88 - 20.00 % 

>20.00% 

No Bias Correction 
Max. Cone. = 19.6646% 

Equal Area 
Lower Hemisphere 

105 Poles 
105 Entries 



~ 

""' m 

AL 17, Wadi Rum, Jordan 

E 

Figure 6.22: Contoured polar projection of the discontinuities at AL 17, Wadi Rum, Jordan. 
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Figure 6.28: Quantiles of joint spacing compared with a gamma distribution for all 

sites in the AI Quwayra-Wadi Rum region, Jordan. 
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Figure 7.9a: Block plot of the east-west profile of the southern cirque headwall for 

Torre de Salinas, Picas de Europa, at equilibrium. 
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JOB TITLE : ·Horizontal displacement contours for east•west profile of southern Cirque wall for Torre de Salinas at equilibrium . 

UDEC (Version 3. 10) 
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JOB .TITLE: Horizontal disolacement contours for east-west orofile of southern ciraue wall for Torre de Salinas at 200'000 cvcles. 
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JOB TITLE: Horizontal disolacement contours for east-west orofile of southern ciraue wall forTorre de Salinas at 400 000 cvcles. 
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JOB TITLE : Block plot of north-south profile of the far western ridge of Pico de La Padierna at equilibrium. 1"10'2) 
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UDEC (Version 3. 10) 

LEGEND 
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JOB· TITLE : Displacement vectors of north-south profile of the far western ridge of Pico de La Padierna at 530 000 cycles . 

UDEC (Version 3. 10) 

LEGEND 
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JOB TITLE : Horizontal1disolacement contours for north-south orofile of western ridae ·of Picc5 de La Padiema at 530 000 cycles . 
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JOB TrrLE : Block plot of north-south profile of the central ridge of Pica de La Padierna at equilibrium. ("10'2) 

UDEC (Version 3. 10) 

LEGEND 

31-fvlar-03 19:09 
cycle :10000 

block plot 
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JOB TITLE : Displacement vectors for no~h-south profile of the central ridge of Pica de La Padierna at 150 000 1·w2) 

UDEC (Version 3.10) 

LEGEND 
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JOB TITLE : Displacement vectors for north-south profile of the central ridge of Pico de La Padierna at 550 000 cycles. rw2J 

UDEC (Version 3. 10) 

LEGEND 
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cycle 550000 

block plot 
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JOB TITLE : Block plot of north-south profile of the central ridge of Pico de La Padierna at 500 000 cycles. ("W2l 
I 

UDEC (Version 3.10) 

LEGEND 

1-Apr-03 8:10 
cycle 550000 

block plot 
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JOB TITLE : Horizontal displacement·contours for north-south profile of the central ridQe of Pico de La Padiema at equilibrium. 

UDEC (Version 3. 10) 

LEGEND 
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JOB TITLE : Ho~izontal disolacement cotito.urs for north-SOIJth orofile of the central ridae of Pi co de La Padierna at 150 000 cycles. 

UDEC. (Version 3.10) 

LEGEND 
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cyCle 150000 

block plot 
X displacement contours 
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JOB TITLE • Horizontal displacement contours for north-south profile of the .central ridge of Pica de La Padiema ·at 550 000 cycles . 

UDEC (Version 3. 10) 

LEGEND 

1 ~Apr-03 8•10 
cycle 550000 

block plot 
X displacement contours 
contour interval= 2.000E+01 
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JOB TITLE: Total unbalanced forces for north-south profile of central ridae of Pico de Ia Padierna at eauilibrium 

UDEC (Version 3. 10) 

LEGEND 

30-1\fer-03 2:Q3 
cycle 530000 
history plot 
O.OOE+OO<hist 1 > 8.33E+08 
Vs. 
O.OOE+OO<time> 3.50E+02 
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JOB TITLE : Block plot of north-south profile of the far eastern ridge of Pica de La Padierna at equilibrium. ('W2l 
I 

UDEC (Version 3. 10) 

LEGEND 

28-rvlar-03 18:02 
cycle 10000 

block plot 
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JOB TITLE : Displacement vectors for north-south profile of the far eastern ridQe of Pica de La Padierna at 500 000 cycles. 

UDEC (Version 3. 10) 

LEGEND 

29-Mar-03 3:22 
cycle 500000 

block plot 
displacement vectors 

maximum = 2.623E+OO 
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JOB TITLE • Horizontal displacement contours for north-south profile of eastern ridge of Pico de La Padiema at 500 000 cycles. 

UDEC (Version 3. 10) 

LEGEND 

29-Mar-03 322 
cycle 500000 

block plot 
X displacement contours 
contour interval= 4.000E-01 
-1.200E+OO to 4.000E-01 
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JOB TITLE : Total unbalanced forces for north-south profile of eastern section of Pico de Ia Padierna at 500 000 cycles. 

UDEC (Version 3.10) (e+08) 
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1 JOB TITLE: Block plot of north-sourh profile for Tiro Pedabejo at equilibrium. ("10'2) 

UDEC (Version 3.10) 

LEGEND 

25-Mar-03 21 :44 
cycle 10000 

block plot 

Department of Geography 
University of Durham 

0.500 1.500 2.500 
("10"2) 

3.500 4.500 

5.000 

4.000 

- 3 000 

2.000 

1.000 

0.000 



""0 "T1 c=;· cc 
0 c 
C/) .., 
a. ~ 
CD 

~ 
m N c 0 ...., 

C" 0 
-o 
Q) 

Q) g - C/) 

01 -o 
0 Q) 
0 0 
0 CD 
0 3 
0 CD 
0 :::::1 
'< -0 < 
CD CD 
~ 0 -0 ...., 

C/) 

0' ...., 01 -w 
:T 01 
CD 

:::::1 
0 
;:::l. 
:T 

I 
C/) 
0 
c -:T 

-o ...., 
0 
::::!! 
CD 

0' ...., 

-i :::;· 
0 

""0 
CD 
a. 
Q) 
0" 

~-
0 

_, ..... ..., ..... "' ................................ ""'.""' ...................................... ..., ..................... _ ............................................................... ....,.... ..................... r1o11.2) 

UDEC (Version 3.10) 

LEGEND 

26-Mar-03 0:31 
cycle 500000 

block plot 
displacement vectors 

maximum= 5.134E+OO 
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JOB TITLE: Total unbalanced forces for north-south profile of Tiro Pedabejo at 500 000 cycles. 

UDEC (Version 3. 10) (e+09) 
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JOB TITLE : Horizontal displacement contours for north-south profile of Tiro Pedabejo at equilibrium. ('W2l 
I 

UDEC (Version 3.10) 

LEGEND 

25-Mar-03 21:44 
cycle 10000 

block plot 
X displacement contours 
contour interval= 1.000E-02 
-6.000E-02 to 3.000E-02 
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JOB TITLE : Block plot of east-west profile for Tiro Pedabejo at equilibrium. I"W2l 

UDEC (Version 3. 10) 

LEGEND 

30-Jun-03 17:05 
cycle 11000 

block plot 
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JOB TrTLE: Displacement vectors for east-west profile for Tiro Pedabejo at 201000 cycles. ("W2J 

UDEC (Version 3. 10) 

LEGEND 

30-Jun-03 18:51 
cycle 201000 

block plot 
displacement vectors 

maximum = 3.017E+01 
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JOB TITLE: Displacement vectors for east-west profile for Tiro Pedabejo at 351000 cycles. <"W2l 
1 

I 3.500 

UDEC (Version 3. 10) 

LEGEND 

30-Jun-03 20:18 
cycle 351000 

block plot 
displacement vectors 

maximum = 1.293E+02 
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UDEC (Version 3. 10) 

LEGEND 

30-Jun-03 22:46 
cycle 601000 

block plot 
displacement vectors 

maximum = 1.826E+02 
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JOB JITLE : Horizontal displacement contours for east-west profile of Tiro Pedabejo at 201 OOO ·cycles. ("W2J 

UDEC (Version 3.10) 

:LEGEND 

30-Jun-03 18:51 
cycle 201000 

block plot 
X displacement contours 
contour interval= 4.000E+O.O 
-2.000E+01 to O.OOOE+OO 

·2.000E+01 
·1.600E+01 
-1.200E+01 
-B.OOOE+OO 

.-'!.OOOE+OO 
Q>OQOE+OO 

Department of Geography 
University of Durham 

I 

0.250 0.750 

3.500 

3.000 

2.500 

2.000 

1.500 

1.000 

0.500 

0.000 

_ .o.5oo 

1.250 1.750 2.250 2.750 3.250 3.750 
r1o•2J 



-u ::!! (1) cc a. c Q) .. cr Cl) 
.f!!. 
0 ...... 
Q) N - ... 
w ~ (JI ...... 
0 I 0 0 0 ..., 
0 i'i" 
"< 0 
0 :::J 
(1) -(/) 

Q) 

a. c;;· 
-c_ 
Q) 
0 
(1) 

3 
CD 
:::J 

(JI -
0 ~ 
0 ~ 
:::J -0 
c ..., 
(/) -0 ..., 

-::T 
CD 

. (1) 
Q) 

~ 
I 

~ 
(/) -

"C ..., 
0 
~ 
(1) 

0 -
=! ..., 
0 

JOB TITLE: Horizontal displ~cement contours for east-west profile of Tiro Pedabejo at 351000 cycles. ('W2J 

UDEC (Version 3.10) 

lEGEND 

30-Jun-03 20:18 
cycle 351QOO 

block plot 
X displacement contours 
contour interval= 1.000E+01 
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JOB TITLE : Total unbalanced forces for east-west orofile of Tiro Pedabeio at 601000 cvcles. 

UDEC (Version 3. 10) 

LEGEND 

30-Jun-03 22:46 
cycle 601000 
history plot 
O.OOE+OO<hist 1 > 1.37E+09 
Vs. 
O.OOE+OO<time> 7.51 E+02 
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JOB TITLE: Block Qlot of north-sou~h wofile for Canchorral de Hormas at eguilibrium. 

UDEC (Version 3. 10) 

LEGEND 

2-Apr-03 10:34 
cycle 10000 

block plot 
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JOB TITLE: Displacement vectors of north-south profile of Canchorral de Hormas at 100 000 cycles. 

UDEC (Version 3.10) 

LEGEND 

2-Apr-03 11 :41 
cycle 1 00000 

block plot 
displacement vectors 

maximum = 5.475E+OO 
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1-----~-~ ~-~-~ Displacement vectors of north-south profile of Canchorral de Hormas at 250 000 cycles . 

UDEC (Version 3. 10) 

LEGEND 

2-Apr-03 13:32 
cycle 250000 

block plot 
displacement vectors 

maximum = 2.895E+01 
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JOB TITLE : Block plot of north-south profile for Canchorral de Hormas at 500 000 cycles. ("W2J 
I 

UDEC (Version 3.10) 

LEGEND 

2-Apr-03 16:34 
cycle 500000 

block plot 
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JOB TITLE : Horizontal displacement contours for north-south profile of Canchorral de Hormas at equilibrium. ("10'2) 
I 

UDEC (Version 3. 10) 

LEGEND 

2-Apr -03 1 0:34 
cycle 10000 

block plot 
X displacement contours 
contour interval= S.OOOE-02 
-2.500E-01 to 1.000E-01 

-2.500E-01 

-2.000E-01 

-1.500E-01 

-1.000E-01 

-S.OOOE-02 

O.OOOE+OO 

S.OOOE-02 

1.000E-01 

Department of Geography 
University of Durham 

----

0.250 

3 000 

2.500 

2.000 

1.500 

1.000 

0.500 

0.000 

~ . 500 

_-1.000 

0.750 1.250 1.750 2.250 2.750 3.250 3.750 4.250 
r1 o•2) 



() ., 
Q) ce· 
:::J c 0 ... 
~ CD 0 
~ ..... ~ 
Q) 

N a. ..... 
CD ~ 
I 
0 
~ 

I 3 
0 Q) 
~. C/1 
N 

Q) 0 - :::J ...... -0 Q) 

0 
0 a. 
0 Cii' 
0 '0 
0 Q) 
'< 0 
0 CD 
(i) 3 
~ CD 

:::J -(11 
(11 
1\.) 

0 
0 
:::J -0 
c 
~ 

C/1 -0 
~ -~ 
CD 

:::J 
0 
:;::1 
~ 

I 

C/1 
0 
c -~ 
'0 
~ 

0 
::::!'! 
CD 

0 -

JOB TITLE : Horizontal displacement contours for north-south profile of Canchorral de Hormas at 100 000 cycles. (' 10'2> 

UDEC (Version 3.10) 

LEGEND 

2-Apr-03 11 :41 
cycle 100000 

block plot 
X displacement contours 
contour interval= 5.000E-01 
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1 JOB TITLE : Horizontal displacement contours for north-south profile of Canchorral de Hormas at 500 000 cycles. ("W2l 

UDEC (Version 3.10) 

LEGEND 

2-Apr-03 16 34 
cycle 500000 

block plot 
X displacement contours 
contour interval= 5.000E +00 
-4.000E+01 to O.OOOE+OO 
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JOB TITLE: Total unbalanced forces for north-south orofile of Canchorral de Hormas at 500 000 cvcles. 

UDEC (Version 3.10) 

LEGEND 

2-Apr-03 16:34 
cycle 500000 
history plot 
O.OOE+OO<hist 1> 1.14E+09 
Vs. 
O.OOE+OO<time> 3.05E+02 
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JOB TITLE : Block plot of east-west profile for Canchorral de Hormas at equilibrium. rw2l 
I 

UDEC (Version 3.10) 

LEGEND 

1-Apr-03 19:10 
cycle 10000 

block plot 
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JOB TITLE: Displacement vectors for east-west profile for Canchorral de Hormas at 100 000 cycles. ("W2) 

UDEC (Version 3.10) 

LEGEND 

1-Apr-03 20:29 
cycle 100000 

block plot 
displacement vectors 

maximum = 9.213E+OO 
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UDEC (Version 3. 10) 

LEGEND 

1-Apr-03 22:00 
cycle 200000 

block plot 
displacement vectors 

maximum= 3.721 E+01 
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JOB TITLE : Horizontal displacemenrcontours for east-west profile of Canchorral de Hormas at equilibrium. <'W2> 

UDEC (Version 3. 10) 

LEGEND 

1-Apr-03 19:10 
cycle 10000 

block plot 
X displacement contours 
contour interval= 2.000E-01 
-6.000E-01 to 4.000E-01 
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JOB TITLE : Horizontal displacement contours for east-we~U~rofile ofCanchorral de Hormas at 100 000 cycles. 
I 

('10"2) 

UDEC (Version 3.10) 

LEGEND 

1-Apr=03 20:29 
cycle 100000 

block plot 
X displacement contours 
contour interval= 1.000E+OO 
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JOB TITLE : Horizontal displacement contours for east-west profile of Canchorral de Hormas at 200 000 cycles. <"W2> 
I . . 

UDEC (Version 3. 10) 

LEGEND 

1-Apr-03 22:00 
cycle 200000 

block plot 
X displacement contours 
contour interval= 5.000E+OO 
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JOB TITLE: Total unbalanced forces for east-west profile of Canchorral de Hormas at 500 000 cycles. 

UDEC (Version 3.10) 

LEGEND 

2-Apr-03 2:27 
cycle 500000 

history plot 
O.OOE+OO<hist 1 > 1.93E+08 
Vs. 
O.OOE+OO<time> 3.1 OE+02 

Department of Geography 
University of Durham 

(e+08) 

2.00 

1.80 

1.60 

1.40 

1.20 

1.00 

0.80 

0.60 

0.40 

0.20 

0.00 
0.00 0.50 1.00 1.50 2.00 2.50 

(e+02) 

3.00 3.50 



CD "TT ..c ce· 
~- c 
0" ; 
:::!. 
c ...... 
3 w 

N 
D) .. 
Ill 
0 
(") 
7\ 

'U 
0 -0 --~ 
CD 

CD 
Q) 
(/) -I =E 
CD 
(/) -(]1 

(j) 
w 'U a 

:::::!! 
CD 

0 -r 
0 
(/) 

~ 
0 
::J -CD 
!'> 
'"U o· 
0 
(/) 

0.. 
CD 

m 
c ..., 
0 
'U 
Q) 

Q) -

JOB TITLE: Block plot of east-west profile for Los Montes at equilibrium. ("10'21 
I 

UDEC (Version 3. 10) 

LEGEND 

7-Apr-03 11:07 
cycle 10000 

block plot 
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JOB TITLE: Total unbalanced forces for east-west orofile of Los Montes at 300 000 cvcles. 

UDEC (Version 3.10) 

LEGEND 

7 -Apr-03 16:24 
cycle 300000 

history plot 
O.OOE+OO<hist 1 > 2.96E+08 
Vs. 
O.OOE+OO<time> 2.75E+02 
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UDEC (Version 3.10) 

LEGEND 

7-Apr-03 16:24 
cycle 300000 

block plot 
X displacement contours 
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JOB TITLE : Block plot of east-west profile for Los Montes with simulated road cut at equilibrium. 1·1o'2) 
I 

UDEC (Version 3.10) 

LEGEND 

8-Apr-03 10:11 
cycle 10000 

block plot 
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JOB TITLE : Displacement vectors for east-west profile for Los Montes witb simulated road-cut at 100 000 cycles. ("W2J 

UDEC (Version 3.10) 

LEGEND 

8-Apr-03 11 :29 
cycle 1 00000 

block plot 
displacement vectors 

maximum = 1.199E+02 
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JOB TITLE: Displacement vectors for eas~-west profile for Los Montes witb simulated road-cut at 300 000 cvcles. ("W21 

UDEC (Version 3. 10) 

LEGEND 

8-Apr-03 14:45 
cycle 300000 

block plot 
displacement vectors 

maximum = 2.581 E+02 
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JOB TITLE : Horizontal disolacement contours for east-west orofile of Los Montes with simulated road cut at 100 000 cvcles. 

UDEC (Version 3. 10j 

LEGEND 

8-Apr -03 11 :29 
cycle 100000 

block plot 
X displacement contours 
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JOB TITLE : Horizontal displacement contours for east-west profile of Los Montes with simulated road cut at 300 000 cycles. 

UDEC (Version 3. 10) 

LEGEND 

a~Apr-03 14:45 
cycle 300000 

block plot 
X displacement contours 
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JOB TITLE : Block plot of north-south profile for Los Montes at equilibrium. ("W21 

UDEC (Version 3. 10) 

LEGEND 

11-Apr -03 19:08 
cycle 10000 

block plot 
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JOB TITLE : Displacement vectors for north-south profile for Los Montes at 100 000 cycles. <"W2l 

UDEC (Version 3.10) 

LEGEND 

11-Apr-03 20:43 
cycle 1 00000 

block plot 
displacement vectors 

maximum = 1.829E+01 
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JOB TITLE: Displacement vectors for north~south profile for Los Montes at 300 000 cycles. ("10'2l 

UDEC (Version 3. 10) 

LEGEND 

12-Apr-03 0:16 
cycle 300000 

block plot 
displacement vectors 

maximum = 6.502E+01 
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JOB TITLE : Horiz;ontal disolacement contours for north-south orofile oftos. Montes. at 100 000 cvcles. 
- - ·- -

UDEC (Version 3: 10) 

LEGEND 

11~Apr-03 20:43 
cycle 100_QOO 

block plot 
X displacement contours 
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1 JOB TITLE: Horiz.ontal disolaceme~t contours for north-south orofile of Los_Montes at 300 000 cvcles. ('10'2) 

UDEC (Version 3. 10) 

LEGEND 

12-Apr-03 0:16 
cycle 300000 

block plot · 
X displacement contours 
contou·r interval= 1.000E +01 
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JOB TITLE : Block plot of east-west profile for Allende at equilibrium. (·w2J 

UDEC (Version 3.10) 

LEGEND 

4-Apr-03 17:17 
cycle 10000 

block plot 
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JOB TITLE: Displacement vectors for east-west profile of Allende at 100 000 cycles. ("W2) 

UDEC (Version 3. 10) 

LEGEND 

4-Apr-03 18:48 
cycle 1 00000 

block plot 
displacement vectors 

maximum= 3.733E+01 
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1 JOB TITLE : Horizontal displaceme~t contours for east-west profile of Allende at 100 000 cycles. <'W2J 

UDEC (Version 3.10) 

LEGEND 

4-Apr-03 18:48 
cycle 100000 

block plot 
X displacement contours 
contour interval= 5.000E+OO 
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1 JOB TITLE : Horizontal displaceme~t contours for east-west profile of Allende at 250 000 cycles. rw 2> 

UDEC (Version 3.10) 

LEGEND 

4-Apr-03 21 :17 
cycle 250000 

block plot 
X displacement contours 
contour interval= 1.000E+01 
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JOB TITLE : Horizontal disolacement contours for eastcwestprofile of Allende at 500 000 cycles. 

UDEC (Version 3. 10) 

LEGEND 
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UDEC (Version 3.10) 

LEGEND 
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JOB TITLE : Displacement vectors for north-south profile of AL9 at 17 000 cycles. ('W1 l 
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JOB TITLE : Displacement vectors for north-south profile of AL9 at 40 000 cycles. 1w 1 l 

UDEC (Version 3.10) 

LEGEND 
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JOB TITLE : Horizontal displaeement contours for north-south profile of AL9 at equilibrium. ("W1> 

UDEC (Version 3.10) 
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JOB TITLE : Horizontal displacement contours for north-south profile of AL9 at 15 000 cycles. 

UDEC (Version 3. 10) 
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~08 TITLE : Horizontal displacement contours for north-south profile of AL9 at 17 000 cycles. 
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JOB TITLE : Horizontal displacement contours for north-south profile of AL9 at 40 000 cycles. ('10'1) 
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JOB TITLE : Displacement vectors for north-south profile of AL 12 at 15 000 cycles. ("W2l 
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JOB TITLE : Displacement vectors for north-south profile of AL 12 at 25 000 cycles. ("W2l 
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JOB TITLE : Horizontal displacement contours for north-south profile of AL 12 at 12 000 cycles. rw2) 
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JOB TITLE : Horizontal displacement contours for north-south profile of AL 12 at 15 000 cycles. <'10'2l 
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JOB TITLE : Horizontal displacement contours -for north-south profile ·at AL 12 at 25 000 cycles. ('1 o•2) 
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JOB TITLE : Block plot of east-west profile of AL 12 at equilibrium. r·w2> 

UDEC (Version 3.10) 
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JOB TITLE: Displacement vectors for east-west profile of AL 12 at 100 000 cycles. <"W2l 
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JOB TITLE: Horizontal displacement contours for east-west profile of AL 12 at 100 000 cycles. ('W2) 
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JOB TITLE : Block plot of north-south profile of AL 10 at equilibrium. 1·w2l 

UDEC (Version 3.10) 

LEGEND 

9-Jun-03 12:59 
cycle 10000 

block plot 
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JOB TITLE : Displacement vectors for north-south profile of AL 10 at 13 000 cycles. ("W2J 

UDEC (Version 3. 10) 

LEGEND 

9-Jun-03 13:00 
cycle 13000 

block plot 
displacement vectors 

maximum = 1.656E+01 
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JOB TITLE : Displacement vectors for north-south profile of AL 10 at 15 000 cycles. 

UDEC (Version 3. 10) 

LEGEND 

9-Jun-03 13:01 
cycle 15000 

block plot 
displacement vectors 

maximum = 3.399E+01 
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UDEC (Version 3. 10) 

LEGEND 

9-Jun-03 13:08 
cycle 21000 

block plot 
displacement vectors 

maximum = 6.941 E+01 
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JOB TITLE : Horizontal displacemert contours for north-south profile of AL 10 at 13 000 cycles. ('W2J 

UDEC (Version 3. 10) 

LEGEND 

9-Jun-03 13:00 
cycle 13000 

block plot 
X displacement contours 
contour interval= 5.000E+OO 
-1.000E +01 to 1.000E +01 
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JOB TITLE : Horizontal displacement contours for north-south profile of AL 10 at 15 000 cycles. ("W2) 

I 1.300 

UDEC (Version 3. 10) 

LEGEND 

9-Jun-03 13:91 
cycle 15000 

block plot 
X displacement contours 
contour interval= 1.000E +01 
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JOB TITLE: Total unbalanced forces for north-south profile of AL 10 at 21 000 cycles. 

UDEC (Version 3.10) 

LEGEND 

9-Jun-03 13:08 
cycle 21000 
history plot 
O.OOE+OO<hist 1> 8.70E+06 
Vs. 
O.OOE+OO<time> 4.03E+01 
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JOB TITLE: Block plot of east-west profile of AL 10 at eauilibrium. i"W2J 

UDEC (Version 3. 10) 

LEGEND 

9-Jun-03 9:25 
cycle 10000 

block plot 
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JOB TITLE: Displacement vectors for east-west profile of AL 10 at 100 000 cycles. ("10'2l 

UDEC (Version 3.10) 

LEGEND 

9-Jun-03 1 0: 11 
cycle 1 00000 

block plot 
displacement vectors 

maximum = 2.398E+OO 
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JOB TITLE: Horizontal displacement contours for east-west profile of AL 10 at 100 000 cycles. ('10•2> 

UDEC (Version 3.10) 

LEGEND 

9-Jun-03 10: 11 
cycle 100000 

block plot 
X displacement contours 
contour interval= 2.000E-01 
-1.400E +00 to 2.000E-01 
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JOB TITLE : Displacement vectors for north-south profile of AL 11 at 100 000 cycles. ("W2) 

UDEC (Version 3.10) 

LEGEND 

1 0-Jun-03 9: 12 
cycle 1 00000 

block plot 
displacement vectors 

maximum = 2.392E+01 
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JOB TITLE : Total unbalanced forces for north-south profile of AL 11 at 100 000 cycles. 

UDEC (Version 3. 10) 

LEGEND 

1 0-Jun-03 9: 12 
cycle 1 00000 
history plot 
O.OOE+OO<hist 1> 5.59E+06 
Vs. 
O.OOE+OO<time> 2.07E+02 

Department of Geography 
University of Durham 

(e+06) 

6.00 

5.00 

4.00 

3.00 

2.00 

1.00 

0.00 ~ I 

0.00 

~ ~L .I --~ 
•'''""' 0"' 0 o'" ""''" '"'•" "'' o """""'"'"" ••OUOM!"""'""' """"" 

0.40 0.80 1.20 

(e+02) 

1.60 2.00 2.40 



...... "TT 
0 ce· 0 c::: g ... 

CD 
0 

!» 0 
'< N 
0 
CD" 

0 

~ 
I 
0 ..., 
N. 
0 
::J -m 

a. u;· 
"0 
m 
0 
CD 
3 
CD 
::J -

m 0 
0 

~ ::J ...... -0 
c ..., 
(/) 

0' ..., --zr 
CD 

CD 
m 
(/) -I :E 
CD 
(/) -
"0 ..., 
0 
:::!! 
CD 

0 -)> 
r ...... 
...... 
m -

JOB TITLE : Horizontal displacement contours for north-south profile of AL 11 at 1 00 000 cycles. ('1 o•2) 

UDEC (Version 3. 10) 

LEGEND 

10-Jun~03 9:12 
cycle 100000 

block plot 
X displacement contours 
contour interval= 2.000E+OO 
-4.000E+OO to 4.000E+OO 
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JOB TITLE : Block plot of east-west profile of AL 11 at equilibrium. ("W2) 

UDEC (Version 3.10) 

LEGEND 

9-Jun-03 13:56 
cycle 10000 

block plot 
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JOB TITLE : Displacement vectors for east-west profile of AL 11 at 20 000 cycles. ("10'2) 

UDEC (Version 3. 10) 

LEGEND 

9-Jun-03 14:12 
cycle 20000 

block plot 
displacement vectors 

maximum = 3.954E+01 

0 2E 2 

Department of Geography 
University of Durham 

0.500 1.500 

3.000 

2.000 

,_ 1.000 

0.000 

,_-1.000 

-2.000 

2.500 3.500 4.500 5.500 
("10'2) 



::!! 
cc 
c 
~ 
co 
t.J _,. 
~ 

0 c;;· 
"'0 
Q) 
0 
(I) 

3 
(I) 
::J ..... 
< 
(I) 

$4 
0 ..... 
(/) 

0' ..... ..... 
:::r 
(I) 

0") 
~ 
~ (I) 

Q) 
(/) ..... 

I 

:E 
(I) 
(/) ..... 

"'0 a 
:::::!l 
(I) 

0 -~ 
r ....... 
....... 
Q) ..... 
~ 
0 
0 
0 
0 
0 
'< 
0 
(I) 

~ 

JOB TITLE : Displacement vectors for east-west profile of AL 11 at 40 000 cycles. ("w2J 

UDEC (Version 3.10) 

LEGEND 

9-Jun-03 14:31 
cycle 40000 

block plot 
displacement vectors 

maximum = 5.897E+01 
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JOB TITLE : Horizontal displacement contours for east-~_est profile of AL 11 at 20 000 cycles. 

UDEC (Version 3.10) 

LEGEND 

9-Jun-03 14:12 
cycle 2000.0 

block plot 
X displacement contours 
contour interval= S.OOOE+ OO 
O.OOOE+OO to 3.000E+01 
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JOB TITLE : Hor_izontal displacement contours for east-yvest profile of AL 11 at 40 000 cycles. ("1 o•2> 

UDEC (Version 3.10) 

LEGEND 

9-Jun-03 14:31 
cycle 40000 

block plot 
X displacement contours 
contour interval= 5.000E+OO 
O.OOOE+OO to 4.000E+01 

O.OOOE+OO 

S.OOOE+OO 

1.000E+01 

1.500E+0 1 

2.000E+01 

2.500E+0 1 

3.000E+0 1 

3.500E+01 

4 .000E+0 1 

Department of Geography 
University of Durham 

0.500 

3.000 

2.000 

1.000 

o.ooo· 

-1.000 

-2.000 

1.500 2.500 3.500 4.500 5.500 
("1 0'2) 



("') '"1'1 
'< ce· ("') 

c (1) .., 
CJ) CD 

co 
N w .. 
-I 
0 -~ 
c 
::J 
0" 
D) 

D) 
::J 

£ 
c.. 

0' 
~ 
("') 
(1) 
CJ) 

0' 
~ 

0> 
..j:>. 

'"""' -:::T 
(1) 

(1) 
D) 
CJ) -I :E 
(1) 
CJ) -

"'0 
~ 

~ 
(1) 

a 
)> 
r ...... ...... 
D) -..j:>. 
0 

0 
0 
0 

JOB TITLE :Total unbalanced forces for east-west profile of AL 11 at 40 000 cycles. 

UDEC (Version 3.10) 

LEGEND 

9-Jun-03 14:31 
cycle 40000 
history plot 
O.OOE+OO<hist 1 > 6.08E+06 
Vs. 
O.OOE+OO<time> 8.73E+01 
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JOB TITLE : Block plot of north-south profile of AL3 at equilibrium. ("W2) 

UDEC (Version 3. 10) 

LEGEND 

15-l'v1ay-03 18:21 
cycle 10000 

block plot 
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JOB TITLE : Displacement vectors for north-south pro_file of AL3 at 13 000 cycles. <·w2 > 

UDEC (Version 3.10) 

LEGEND 

15-May-03 18:23 
cycle 13000 

block plot 
displacement vectors 

maximum = 3.493E+01 
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JOB TITLE : Displacement vectors for north-south profile of AL3 at 15 000 cycles. 

UDEC (Version 3.10) 

LEGEND 

15-May-03 18:25 
cycle 15000 

block plot 
displacement vectors 

maximum = 7.286E+01 
I,,,, ,1,,,,,1 
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JOB TITLE : Displacement vectors for north-south profile of AL3 at 20 000 cycles . 

UDEC (Version 3.10) 

LEGEND 

15-1\tlay-03 18:31 
cycle 20000 

block plot 
displacement vectors 

maximum= 1.268E+02 
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JOB TITLE : Horizontal displacement contours for north-south profile of AL3 at 13 000 cycles. ("1o•2) 

UDEC (Version 3. 10) 

LEGEND 

15-May-03 18:23 
cycle 13000 

block plot 
X displacement contours 
contour interval= 1.000E+01 
-2.000E+01 to 3.000E+01 
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JOB TITLE : Horizontal displacement contours for north~south profile of AL3 at 20 000 cycles. ('W2) 

UDEC (Version 3.10) 

LEGEND 

15-May-03 18:31 
cycle 20000 

block plot 
X displacement contours 
contour interval= 2.000E+01 
-6.000E+01 to 8.000E+01 
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JOB TITLE : Block plot of east-west Profile of AL3 at eauilibrium. ("10'21 

UDEC (Version 3.10) 

LEGEND 

13-1\tlay-03 18:26 
cycle 10000 

block plot 
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JOB TITLE: Displacement vectors for AL3a at 20 000 cycles ("W21 

UDEC (Version 3.10) 

LEGEND 

13-May-03 18:56 
cycle 20000 

block plot 
displacement vectors 

maximum = 4.958E+01 
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JOB TITLE: Displacement vectors for east-west profile_of AL3 at 150 000 cycles. <·w21 

UDEC (Version 3.10) 

LEGEND 

14-May-03 16:23 
cycle 150000 

block plot 
displacement vectors 

maximum = 4.471 E+01 
II I I Ill I II I I II I I II I I I 
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JOB TrTLE : Horizontal displaceme~t contours for east-west profi le of AL3 at 20 000 cycles. <·W2> 

UDEC (Version 3.10) 

LEGEND 

13-May-03 18:56 
cycle 20000 

block plot 
X displacement contours 
contour interval= S.OOOE+OO 
-S.OOOE+OO to 4.000E+01 
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JOB TITLE : Horizontal displacement contours for east-west profile of AL3 at 150 000 cycles. ("W2) 

UDEC (Version 3. 10) 

LEGEND 

14~May-03 16:23 
cycle 150000 

block plot 
X displacement contours 
contour interval= 1 OOOE+01 
O.OOOE+OO to 4.000E+01 
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JOB TITLE: Block plot of north-south profile of AL2 at equilibrium. ('W2J 

UDEC (Version 3. 10) 

LEGEND 

12-1\ilay-03 18:19 
cycle 10000 

block plot 
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JOB TITLE : Displacement vectors for north-south profile of AL2 at 20 000 cycles. 

UDEC (Version 3. 10) 

LEGEND 

12-May-03 18:38 
cycle 20000 

block plot 
displacement vectors 

maximum = 1.322E+02 
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JOB TITLE : Horizontal displacement contours for north-south profile of AL2 at 20 000 cycles. ('W2l 

UDEC (Version 3.10) 

LEGEND 

12-May-03 18:38 
cycle 20000 

block plot 
x· displacement contours 
contour interval= 2.000E+01 
-8.000E+01 to 6.000E+01 
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JOB TITLE : Hor.izontal disolacei'ne~t contours for nortn-south profile of AL2 at 68 502 cvcles. rw2> 

UDEC (Version 3.10) 

LEGEND 

13-May-03 12:32 
cycle 68502 

block plot 
X displacement contours 
contour interval= 5.000E+01 
-1.500E +02 to 1.000E +02 
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JOB TITLE : Total unbalanced forces for north-south profile of AL2 at 68 502 cycles. 

UDEC (Version 3.10) 

LEGEND 

13-May-03 12:32 
cycle 68502 

history plot 
O.OOE+OO<hist 1> 9.05E+07 
Vs. 
O.OOE+OO<time> 1.43E+02 

Department of Geography 
University of Durham 

1.00 

0.90 

0.80 

0.70 

0.60 

0.50 

040 

0.30 

0.20 

0.10 

0.00 

(e+08) 

l ~[-~~ W1J~~]u J~ m J AJJ~~illl~ -~~~ 
0.00 0.20 040 0.60 0.80 1.00 

(e+02) 

1'~ 
I I 

1.20 140 1.60 



., 
ce· 
c .... 
(I) 

CXI w 
N 
D) .. 
OJ 
0 
(') 
;1\ 

"C 
0 -9, -::r 
CD 
CD 
Q) 
en -I :E 
CD 
en -"C 0> ..., 0> 

0> 0 ;:, 
CD 

9, 
)> 
r 
N 
Q) -CD 

...c 
£:. 
0" 
::::::!. 
c 
3 

JOB TITLE: Block olot of east-west orofile of AL2 at eauilibrium. ,.W2J 

UDEC (Version 3.10) 

LEGEND 

13-May-03 15:21 
cycle 10000 

block plot 
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JOB TITLE : Displacement vectors for east-west profile of AL2 at 100 000 cycles. ("w2 l 

UDEC (Version 3. 10) 

LEGEND 

13-May-03 16:11 
cycle 1 00000 

block plot 
displacement vectors 

maximum= 2.718E+OO 
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JOB TITLE : Horizontal displacement contours for east-west profile of AL2 at 100 000 cycles. 

UDEC (Ve;sioil 3.10) 

LEGEND 

13-Mayc03 16:11 
cycle 100000 

block plot 
X displacement contours 
contour interval= 2.000E-01 
-1.000E+OO to 4.000E-01 
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JOB TITLE: Block plot of north-south profile of AL7 at equilibrium. ('10'2) 

UDEC (Version 3. 10) 

LEGEND 

20-May-03 1 0:25 
cycle 10000 

block plot 
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JOB TITLE : Displacement vectors for north-south profile of AL7 at 15 403 cycles. 

UDEC (Version 3. 10) 

LEGEND 

20-May-03 14:28 
cycle 15403 

block plot 
displacement vectors 

maximum= 6.192E+01 
I'" ,,1,,,,,1 

0 2E 2 

Department of Geography 
University of Durham 

0.500 1 500 2.500 3.500 
('1 0'2) 

("10'2) 

4.000 

3.000 

2.000 

1.000 

0.000 

·1.000 

·2.000 

4 500 5.500 6.500 



., 
ra· 
c 
; 
~ 
w 
-~lao n 

0 
u;· 

"C 
ii) 
(") 
CD 
3 
CD 
:::1 -< 
CD 
Sl 
0 .... 
(/) 

0' .... -0> ::r 
...... CD 
--" :::1 

0 
;::::1. 
::r 
I 

(/) 

0 
c -::r 

"C .... 
0 
::::!:! 
CD 
0 -~ 
r 
....... 
Q) ---" 
....... 
~ 
0 
w 
(") 
'< 
(") 

CD 
?' 

JOB TITLE : Displacement vectors for north-south profile of AL7 at 17 403 cycles. ("W2i 

UDEC (Version 3. 10) 

LEGEND 

20-l\t1ay-03 14:47 
cycle 17403 

block plot 
displacement vectors 

maximum = 7.697E+01 
I, ,,,1,,,, I 
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JOB TrrLE: Displacement vectors for north-south profile of AL? at 30 403 cycles. (·w2) 

UDEC (Version 3.10) 

LEGEND 

20-May-03 15:56 
cycle 30403 

block plot 
displacement vectors 

maximum= 2.029E+02 

0 1E 3 
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JOB TITLE: Horizontal displacement contours for north-south profile of AL? at 15 403 cycles. 

UDEC (Version 3. 10) 

LEGEND 

20-May-03 14:28 
cycle 15403 

block plot 
X displacement contours 
contou·r interval= 1.000E+01 
-3.000E+01 to 3.000E+01 
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JO.B TITLE : Horizontal displacement contours for north-south profile of AL7 at 30 403 cycles. rw2) 

UDEC (Version 3.10) 

LEGEND 

20-May-03 15:56 
cycle 30403 

block plot 
X displacement contours 
contour interval= 2.000E+01 
-8.000E+01 to 6.000E+01 
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JOB TITLE: Block plot of east-west profile of AL7 at equilibrium. I"W2J 

UDEC (Version 3. 10) 

LEGEND 

19-May-03 10:27 
cycle 10000 

block plot 
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placement vectors for east-west profile of AL7 at 13 000 cycles. 

UDEC (Version 3.10) 

LEGEND 

19-May-03 10:31 
cycle 13000 

block plot 
displacement vectors 

maximum = 2.452E+01 

0 1E 2 
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UDEC (Version 3. 10) 

LEGEND 

19-l'v'ay-03 1 0:54 
cycle 20000 

block plot 
displacement vectors 

maximum = 9.926E+01 

0 5E 2 

Department of Geography 
University of Durham 

east-west profile of AL7 at 20 000 cycles. 

3.500 4.000 4.500 
(.10"2) 

-----------------, ("10"2) 

2.250 

1.750 

1.250 

0.750 

0.250 

5.000 5.500 



!! 
cc 
c ... 
CD 
co w 
C) 
c. .. 
0 
u;· 
-o 
tu 
0 
CD 
3 
CD 
::I .... 
Ci5 
n. 
0 .., 
en -0 .., .... 
::I" 
CD 

0> 
-....! 
(X) CD 

tu en .... 
I 

:::: 
CD en .... 
-o 

~ 
CD 
0 -)> 
r 
-....! 
tu .... 
1\.) 
01 
0 
01 
0> 
0 
'< 
0 
CD en 

..., __ •••"--· -·-r-·---------- ---------- ---- -----r·-···- -·· ·-· ------- -J-·--· ('"10"2) 

UDEC (Version 3.10) 

LEGEND 

19-lvlay-03 12:24 
cycle 25056 

block plot 
displacement vectors 

maximum = 1.652E+02 
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JOB TITLE : Horizontaf,displacement contours for east-west profile of AL? at 13 000 cydes. ('W2> 

UDEC (Version 3.10) 

LEGEND 

19-May-03 10:31 
cycle 13000 

block plot 
X displacement contours 
contour interval= 5.000E+OO 
-5.000E+OO to 1.500E+01 
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JOB ·TITLE : Horizontal displacem~~t contours for east-west profile of AL7 at 20 000 cycles. , ('10'2) 

UDEC (Version 3; 10) 

LEGEND 

19-May-03 10:54 
cycle 20000 

block plot 
X displacement contours 
contour interval= 1.000E +01 
-1 .000E+01 to 6000E+01 
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JOB TITLE : Horizontal displacement contours for east-west profile ·of AL7 at 25 056 cycles . 

UDEC (Version 3. 10) 

LEGEND 

19-May-03 12:24 
cycle 25056 

block plot 
X displacement contours 
contour interval= 2.000E+01 
-2.000E+01 to 8.000E+01 
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JOB TITLE : Block plot of east-west profile of AL 17 at equilibrium. r·w3J 

UDEC (Version 3. 10) 

LEGEND 

12-Jun-03 13:21 
cycle 10000 

block plot 
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JOB TITLE : Displacement vectors for east-west profile of AL 17 at 34 360 cycles. ("10'3! 

UDEC (Version 3.10) 

LEGEND 

12-Jun-03 13:55 
cycle 34360 

block plot 
displacement vectors 

maximum= 8.131E+01 

0 5E 2 
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JOB TITLE : Displacement vectors for east-west profile of AL 17 at 334 360 

UDEC (Version 3. 10) 

LEGEND 

13-Jun-03 12:02 
cycle 334360 

block plot 
displacement vectors 

maximum = 1.204E+02 

0 5E 2 
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JOB TITLE : Displacement vectors for east-west profile of AL 17 at 404 360 cycles. ("10'3) 
I 

UDEC (Version 3. 10) 

LEGEND 

13-Jun-03 12:55 
cycle 404360 

block plot 
displacement vectors 

maximum = 1.823E+02 

0 1E 3 
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JOB TITLE: Horizontal ·displacement contours fpr east-west profile of AL 17 at 34 360_cycles. ('10'3) 

UDEC (Version 3.10) 

LEGEND 

12-Jun-03 13:55 
cycle 34360 

block plot 
X displacement contours 
contour interval= 2.000E+01 
-2.000E+01 to 8.000E+01 
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I JOB TITLE : Horizontal displacement contours for east-west profile of AL 17 at 334 360 cycles. rw3J 
I 

1 
1.000 

UDEC (Version 3. 10) 

LEGEND 

13-Jun-03 12:02 
cycle 334360 

block plot 
X displacement contours 
contour interval= 2.000E+01 
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Plate 5.1: Incision of the Cares Gorge has divided the Central and. Western Picos in to 

two separate massifs. The peaks surrounding the gorge rise to 2000 m, while the floor 

is just 400 m above sea level. 
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Plate 5.2: A relict rock glacier in the Vega de Liordes formed through the downslope 

transport of failed slope debris. The glacier is largely re!ict, apart from the aGtive 

accumulation of debris on the left hand side. 

707 



Plate 5.3: Debris flow system in the bottom left of the picture with the Government 

guesthouse of Fuente De just above. The fan consists of coarse alluvium and is 

incised in its lower channel. Note also that prominent slope deformation in the middle 

of the picture. Not a good place to stay during prolonged, heavy rain. 

708 



Plate 5.4: The large debris flow system originating at Canchor:ral de Hormas. The red 

line traces the approximate source area. Although not visible on the picture, the village 

of Cabanas is behind the hill at the bottom of the debris flow system. 
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Plate 5.5: The cirqlle headwalls of Torre de Salinas, viewed from the Vega d~ Liordes. 

Torre del Hoyo de Liordes, the cirque reaches a high point of 2474m to the west (left) 

of the picture. 
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Plate 5.6: The east-west trending face of Pico de Ia Padierna. The highest part of the 

slope occurs to the right of the picture and de.creases in height towards the west (left). 

The red line traces the top of the slope as a bench separates the slope from the peak 

seen behind, which is some distance away. 
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Plate 5. 7: The north face of Tiro Pedabejo. The north--and west fac_es were the most 

easily accessible for the collection: of discontinuity data. Numerous ploughing blocks 

o~cur on the lower slopes. 
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Plate. 5.8: The large block field forming the deposition area for failed material from the 

headwalls of Canchorral de Hormas. This block field also provides the source area for 

the large debris flow system seen in plate 5.4. 
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Plate 5.9: The rock slope investigated at Los Montes in the Deva Gorge. Much 

remedial work has taken place at the toe of the slope. Plar.1s to widen .the highway in 

the G.orge require cutting back-of the slope toe. 
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Plate 5.10: The r:ock slope investigated at the crags. of Aigobras, Allemde in ti;Je Deva 

Gorge. The slope is bol:lnded on tl:le left by a large canal , pr;oviding access to liligh 

level· gr:azing. 
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Plate 5.11 : Triaxial testing of rock cores in a Hoek Cell (inset) ir.~ser.ted ir.1 -to. a stiff 

loading frame (A). Confining pressure is applied with a hand pump. Uniaxial testing of 

cores for defining the unconfined compressive strength (B). 
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Plate 6.1: lafoni weathering and case hardening on the sandstone inselbergs of Wadi 

Rum. 
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Plate 6.2: Example of rockfall ~vent on the sandstone inselbergs ir.t Wadi Rum. 
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Figure 6.3: A natural rock bridge formed through weathering of the sandstones. 
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Plate 6.4: Disi and Red lshrin Sandstone inselbergs. The Red lshrin SandstonE! is 

much stronger than the Disi, supporting vertical slopes and much higher inselbergs. 
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Plate 6.5: Rounded domes are characteristic of inselbergs developed in the Disi 

sandstones. 
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Plate 6.6: Preferential weathering of 'master' joints leads to the. development of 

columnar inselbergs. 
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Plate 6. 7: Example of tensile failure of sandstone caused by basal slope sapping. 
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Plate 7.1: Torre de Salinas. The UDEC model meshes were designed to capture the 

main features of each of the cirque headwall features. 
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Figure 7.2: Pica de Ia Padierna. (A) is a view of the whole ridge, (B) the central 

section, (C) the western portion and (D) the eastem er:~d.-
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Plate 7.3: (A) The north face of Tiro Pedabejo (B) the south~west face of Tiro 

Pedabejo from th~ Car:~al de Pedabejo. The full .free face is just off the picture. 
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Plate 7.4: Canchorral de Hormas. (A) View of the boulder field (B) View of the site 

from the end of the Deva Gorge. The red circle marks its location. 
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Plate 7.5: The east-West profile of Los Montes, Deva Gorge from the south face. The 

Rio Deva is just off to the right of the picture. 
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Plate 7.6: (A) General view of Allende from the south showing the west, south and 

east faces. (B) View of the south face of Allende. 
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Plate 7.7: The north face of Torre de Salinas from the Collado de Jermoso, Picas de 

Europa. Antiscarps formed by flexural toppling on the north face can be seen in the 

centre of the photograph. 
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Plate 7.8: View of Pena Remona. The back-tilted blocks are formed due to a 

combination of the nature of the bedding and small rotational movements occurring at 

the toe of the slope, leading to large-scale deformation. 
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Plate 7.9: Sampling for cosmogenic isotope analysis at Pica de Ia Padierna. 
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Plate 7.10: Sampling of boulders for cosmogenic isotope analysis at Tiro PedabeJo. 

(A) General geomorphic setting of boulders of boulder 2, with an exposure age of 7459 

± 214. (B) close up view of boulder 1, with a calculated exposure age of 7824 ± 403 

yrs BP. 
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Plate 7.11: Boulders selected for cosmogenic sampling at Allende. (A) Geomorphic 

setting of boulder 1, with a calculated exposure age of 6540 ± 636 and (B) boulder 2, 

with a 36CI exposure age of 6575 ± 242 yrs BP. 
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Plate 7.12: Evidence that the south face of Pico de Ia Padierna still represents an 

overdip slope and that future failures are likely. The angle of the slope is much greater 

than the friction angle and cohesion of the intact material and discontinuities. 
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Plate 8.1: North-south profile of AL9 (A), with close up view of the failure on the south 

face (B). 
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Plate~8.2: North-south profile of AL 12 (A) with east-west profile shown in (B). lhe 

inselberg is formed in Disi sandstone. 
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Plate 8.3: North-south profile of AL 10 from the west face (A) and the north-south 

profile showing a large failure on the south face from the eastern end of the inselberg 

(B). 
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Plate 8.4: North-south profile of AL 11, from the west face of the inselberg (A), with the 

east-west profile, taken from the northe(n eno of the insell;>erg shown in (.!3). 
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Plate 8.5: East-west profile of AL3, taken_ from tl:le south face (A). Close up view of 

the failure on the west face of the inselberg (B) . The inselberg is composed entirely of 

Salib Arkosic sandstone, pushed up due to normal faulting . 
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Plate 8.6: West face of AL2 (B) showing a small cap of Disi sand~tone on the upper 

part of the inselberg. The north face of AL2 is shown in (B). 
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Plate 8.7: South face of AL7 showing a large failure and preferential weathering of 

joints, producing the 'tower' morphology. The actual failure of the rock mass is 

controlled by joint sets which are much more closely spaced than the preferentially 

weathered joints. The prominent tower on the east face of the inselberg showed 

evidence of instability, in addition to the south face. 
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Plate 8.8: The west face of AL17, in the Barra Canyon, showing evidence of large

scale slope coll~pse . The debris slope is approximately 150 m, indicating a large 

volume of failed material. The failure was probably initiated by steepening of the slope 

through fluvial incision during a wetter climatic period. 
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Plate 8.9: View from the top of the rockfall debris on the west face of AL 17, with the 

Barra Canyon located in the centre of the picture. During a wetter climatic period, this 

canyon was a major fluvial valley. 
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Plate 8.10: Boulders being sampled for cosmogenic dating from failed rock slopes in 

Wadi Rum, Jordan. Evidence of iron staining can be seen. The surface of the 

boulders showed only minimal. weathering . 
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