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Displacement vectors for the north-south profile for Tiro Pedabejo,
Picos de Europa, at 500 000 cycles.

Total unbalanced forces for the north-south profile of Tiro Pedabejo
at 500 000 cycles.

Horizontal displacement contours for the north-south profile of Tiro

Pedabejo at equilibrium.

Horizontal displacement contours for the north-south profile of Tiro
Pedabejo at 500 000 cycles.
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Figure 4.3: Stress-strain response of unjointed 1 m rock masses to simulate the
behaviour of intact material.
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Figure 4.4: Stress-strain response of a 1 m sandstone rock mass with varying block sizes.
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Figure 4.5: Stress-strain response of a 1 m limestone rock mass with varying block sizes.
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Figure 4.6: Stress-strain response of a 1 m granite rock mass with varying block sizes.
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Figure 4.17: Stress-strain in response of a 10 m limestone rock mass with varying block sizes.
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Figure 4.18: Stress-strain response of a 10 m sandstone rock mass with varying block sizes.
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Figure 4.19: Stress-strain response of a 10 m granite rock mass with varying block sizes.
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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 4.48: Summary stress-strain response of the two failure mechanisms which

develop due to block size effects in the simulated rock masses.
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Figure 5.27: Comparative axial strain curves Canchorral de Hormas and Deva Gorge

limestones at 0 (UC), 10 and 15 MPa confining pressures.
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JOB TITLE : Displacement vectors for east-west profile of central cirque wall of Torre de Salinas at 250 000 cycles. (*10°2)
UDEC (Version 3.10) L
. 3.250
LEGEND
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block plot I
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LI_LLL;L.J_I_LL_LI_I;A_I_LLLI_'
0 2E 2 L
t 1.750
5 lllll{ll'll 'il E 55 [
FETTTL l.lﬂl!']ﬂ NGS5
JLLLLLI AT AT T /lllil/ﬁ L 1.250
SO 080001 DI/,
T T
F 3 T L
..ll..l_'.
immii’iiinimn,mm_-,..g
N N _ | 0.750
IIII YA El' = -kaLI 2d
- ‘ uu; T !'-;1 == gl m'/r T A ARATTET N A 122 4
T e e =T /’/:’/’L r i
I 0.250
|-0.250
Department of Geography
University of Durham T 7 T N T T T ; T T T T T T
1.000 1.500 2.000 2.500 3.000 3.500 4.000 4.500
(*10°2)




90§

"$8]942 000 00 1e Seuljes ap aLo|

p9’L 8inbi4

JO jlem anbuio |ejuad 8y} Jo 8|1oid JSam-1sea 8y} 10} SI0JOBA Juswade|dsiq

JOB TIMLE  Displacement vectors for east-west profile of central cirque wall of Torre de Salinas at 500 000 cycles.

("10°2)

UDEC (Version 3.10)

LEGEND

18-Mar-03 19:54

cycle 500000

block plot

displacement vectors
maximum = 5.286E+01
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JOB TITLE : Displacement vectors of east-west profile of southern ciraue

wall for Torre de Salinas at 200 000 cvcles.

UDEC (Version 3.10)

LEGEND

19-Mar-03 13:28

cycle 200000

block plot

displacement vectors
maximum = 2.140E+01
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JOB TITLE : Displacement vectors of east-west profile of southern

cirque wall for Torre de Salinas at 800 000 cycles.

UDEC (Version 3.10)

LEGEND

20-Mar-03 0:56

cycle 800000

block piot

displacement vectors
maximum = 7.952E+01
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JOB TITLE : Block plot of north-south profile of the central ridge of Pico de La Padierna at equilibrium.

(+10%2)

UDEC (Version 3.10)

LEGEND

31-Mar-03 19:09
cycle 10000
block plot
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JOB TITLE : Displacement vectors for north-south profile of the central ridge of Pico de La Padierna at 150 000

(*10°2)

UDEC (Version 3.10)

LEGEND

31-Mar-03 22:17

cycle 150000

block plot

displacement vectors
maximum = 6.175E+01
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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.

{*10°2)

UDEC (Version 3.10)

LEGEND

1-Apr-03 8:10
cycle 550000
block plot
displacement vectors
maximum = 3.092E+02
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JOB TITLE : Block piot of north-south profile of the central ridge of Pico de La Padierna at 500 000 cycles.

(*10°2)
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UDEC (Version 3.10)
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LEGEND

1-Apr-03 8:10
cycle 550000
block plot
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JOB TITLE : Block plot of north-south profile of the far eastern ridge of Pico de La Padierna at equilibrium.

UDEC (Version 3.10)

LEGEND

28-Mar-03 18:02
cycle 10000
block plot
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JOB TITLE : Displacement vectors for north-south profile of the far eastern ridge of Pico de La Padierna at 500 000 cycles.
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UDEC (Version 3.10)
LEGEND
29-Mar-03 3:22
cycle 500000
block plot
displacement vectors
maximum = 2.623E+00
l_l_l_L_l_l_L_l_L_L__l
0 1E 1
a\‘?’ & @fj‘[tf o atFh
T I R 1
7 4:}‘£€‘:§K4"’yp, Rl ; glﬁlﬁ‘f-ﬂ i
Department of Geography
Univers lty of Durham T n) T T T T T T T T
0.500 1.500 2.500 3.500 4.500
(*1042)










yES

‘wnuglinba je

‘edoin3 ap sodld ‘ofeqepad oJi] 1oy sji0id ynos-ypou ayy jo joid yooig :egz L ainbi4

JOB TITLE : Block plot of north-south profile for Tiro Pedabejo at equilibrium.

(*1072)

UDEC (Version 3.10)

LEGEND

25-Mar-03 21:44
cycle 10000
block plot
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JOB TITLE : Displacement vectors for north-south profile for Tiro Pedabeio at 500 000 cvcles. 10%2)
UDEC (Version 3.10) ]
L_ 4.500
LEGEND
26-Mar-03 0:31
cycle 500000 |- 4.000
block plot
displacement vectors r
maximum = 5.134E+00
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JOB TITLE : Total unbalanced forces for north-south profile of Tiro Pedabejo at 500 000 cycles.

UDEC (Version 3.10)

LEGEND

26-Mar-03 0:31

cycle 500000

history plot

0.00E+00<hist 1> 1.56E+09 __
Vs.

0.00E+00<time> 5.8%E+02
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JOB TITLE : Block plot of east-west profile for Tiro Pedabejo at equilibrium.
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LEGEND
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JOB TITLE : Displacement vectors for east-west profile for Tiro Pedabejo at 201000 cycles. (*10%2)
UDEC (Version 3.10) - 399
LEGEND | 3.000
30-Jun-03 18:51
cycle 201000 500
block plot L 2.
displacement vectors
maximum = 3.017E+01
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JOB TITLE : Displacement vectors for east-west profile for Tiro Pedabejo at 351000 cycles.

(*1072)

UDEC (Version 3.10)

LEGEND

30-Jun-03 20:18

cycle 351000

block plot

displacement vectors
maximum = 1.293E+02
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JOB TITLE : Displacement vectors for east-west profile for Tiro Pedabejo at 601000 cycles. (1042)

UDEC (Version 3.10)
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block plot
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JOB TIMLE : Total unbalanced forces for east-west profile of Tiro Pedabejo at 601000 cycles.

UDEC (Version 3.10)

LEGEND

30-Jun-03 22:46
cycle 601000
history plot
0.00E+00<hist 1> 1.37E+09
Vs.
0.00E+00<time> 7.51E+02
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JOB TITLE : Block plot of north-south profile for Canchorral de Hormas at equilibrium.

UDEC (Version 3.10)

LEGEND

2-Apr-03 10:34
cycle 10000
block plot
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UDEC (Version 3.10)

JOB TITLE : Displacement vectors of north-south profile of Canchorral de Hormas at 100 000 cycles.
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LEGEND
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cycle 100000

block plot

displacement vectors
maximum = 5.475E+00
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JOB TITLE : Displacement vectors of north-south profile of Canchorral de Hormas at 250 000 cycles.

109z, aunbi4

UDEC (Version 3.10)
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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.
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cycle 500000
block plot
Wi
G

Department of Geography

University of Durham o













1451

's81249 000 006 ie ‘edoin3g ap S001d ‘SBWIOH

8Z'L ainbiy

ap (esoyoue) Jo ajyoid Yjnos-yuou 8y} Joj 8240} padueequn [ejo|

JOB TITLE : Total unbalanced forces for north-south profile of Canchorral de Hormas at 500 000 cvcles.

UDEC (Version 3.10)

LEGEND

2-Apr-03 16:34
cycle 500000
history plot
0.00E+00<hist 1> 1.14E+09
Vs.
0.00E+00<time> 3.05E+02
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JOB TITLE : Block plot of east-west profile for Canchorral de Hormas at equilibrium.

(1042)

UDEC (Version 3.10)

LEGEND

1-Apr-03 19:10
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Figure 7.29b: Displacement vectors for the east-west profile of Canchorral de

Hormas, Picos de Europa at 100 000 cycles.
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Figure 7.47: Exponential asymptotic model (dashed line) applied to x-displacement
data for the failures at Torre de Salinas.
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Figure 7.48: Exponential asymptotic model (dashed line) applied to x-displacement

data for the failure on the north-south profile of Pico de la Padierna.
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Figure 7.56: Exhaustion model for paraglacial rock slope failure in the Picos de
Europa, compared with data from Cruden and Hu (1993) in the Canadian Rockies.
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JOB TITLE : Total unbalanced forces for north-south profile of AL9 at equilibrium.
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JOB TITLE : Displacement vectors for north-south profile of AL9 at 15 000 cycles.

{"10~1)

UDEC (Version 3.10)

LEGEND

30-May-03 10:59
cycle 15000
block plot
displacement vectors
maximum = 4.201E+00
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JOB TITLE : Displacement vectors for north-south profile of AL9 at 17 000 cycles.

1081

UDEC (Version 3.10)

LEGEND

30-May-03 10:59

cycle 17000
block plot
displacement vectors
maximum = 1.141E+01
[ N NS N
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JOB TITLE : Displacement vectors for north-south profile of AL9 at 40 000 cycles.

(*10”1)

UDEC (Version 3.10)

LEGEND

30-May-03 11:00

cycle 40000

block plot

displacement vectors
maximum = 3.242E+01
l_.x_.L_l_L_l_l_A_l_l_’
0] 1E 2
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University of Durham

T_ 7.000

L= 5.000

|- 3.000

— 1.000

{_-1.000

|-3.000




809

'sajohd

000 OF 18 67V O 9jiyoud Yinos-ypUou 8y} Jo} $82J0) psouelequn |ejol  :p'g ainbiy

JOB TITLE : Total unbalanced forces for north-south profile of AL9 at 40 000 cycles.

UDEC (Version 3.10)

LEGEND

30-May-03 11:00
cycle 40000
history plot
0.00E+00<hist 1> 2.72E+06
Vs.
0.00E+00<time> 6.33E+01

Department of Geography
University of Durham
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JOB TITLE : Block plot of east-west profile of AL9 at equilibrium.
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UDEC (Version 3.10)
LEGEND

30-May-03 14:52

cycle 10000
block plot
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JOB TITLE : Displacement vectors for east-west profile of AL9 at 50 000 cycles.

(*1072)

UDEC (Version 3.10)

LEGEND

30-May-03 14:58

cycle 50000

block plot

displacement vectors
maximum = 1.629E+01
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JOB TITLE : Total unbalanced forces for east-west profile of ALS at 50 000 cycles.

UDEC (Version 3.10)

LEGEND

30-May-03 14:58
cycle 50000
history plot
0.00E+00<hist 1> 2.10E+06
Vs.
0.00E+00<time> 7.90E+01

Department of Geography
University of Durham
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JOB TITLE : Block plot of north-south profile of AL12 at equilibrium.

(*10°2)

UDEC (Version 3.10)

LEGEND

10-Jun-03 10:34
cycle 10000
block plot

Department of Geography
University of Durham
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JOB TITLE : Displacement vectors for north-south profile of AL12 at 12 000 cycles.

UDEC (Version 3.10)

LEGEND

10-Jun-03 10:34
cycle 12000
block plot
displacement vectors
maximum = 4.734E+00
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JoB TITLE ; Displacement vectors for north-south profile of AL12 at 15 000 cycles.

{*102)

UDEC (Version 3.10)

LEGEND

10-Jun-03 10:34
cycle 15000
block plot
displacement vectors
maximum = 1.078E+01
I Y O B
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o JOB TITLE : Displacement vectors for north-south profile of AL12 at 25 000 cycles.

UDEC (Version 3.10)

LEGEND

10-Jun-03 10:34
cycle 25000
block plot
displacement vectors
maximum = 3.180E+01
LLLL;L_.L_.[_L_J_J
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JOB TITLE : Total unbalanced forces for north-south profile of AL12 at 25 000 cycles.

UDEC (Version 3.10)

LEGEND

10-Jun-03 10:34
cycle 25000
history piot
0.00E+00<hist 1> 1.82E+06
Vs.
0.00E+00<time> 8.33E+01

Department of Geography
University of Durham
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JOB TITLE : Block plot of east-west profile of AL12 at equilibrium.

(*10%2)
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UDEC (Version 3.10)
LEGEND

10-Jun-03 11:19

cycle 10000
block plot
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Displacement vectors for east-west profile of AL12 at 100 000 cycles.

JOB TITLE : (*1042)
UDEC (Version 3.10)
[~ 1.750
LEGEND A
10-Jun-03 11:23 | 1.250
cycle 100000
block plot
displacement vectors
maximum = 3.103E-01 L 0.750
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JOB TITLE : Biock plot of north-south profile of AL10 at equilibrium.

UDEC (Version 3.10)

LEGEND

9-Jun-03 12:59 "
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JOB TITLE : Displacement vectors for north-south profile of AL10 at 13 000 cycles.

*1072)

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 AL10 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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JOB TITLE : Displacement vectors for north-south profile of AL10 at 21 000 cycles. (*10%2)
UDEC (Version 3.10) .
LEGEND | 100
9-Jun-03 13:08
cycle 21000
block plot L 0.900
displacement vectors
maximum = 6.941E+01 L
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JOB TITLE : Total unbalanced forces for north-south profile of AL10 at 21 000 cycles.

UDEC (Version 3.10)

LEGEND

9-Jun-03 13:08
cycle 21000
history plot
0.00E+00<hist 1> 8.70E+06
Vs.
0.00E+00<time> 4.03E+01
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University of Durham
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JOB TITLE : Block plot of east-west profile of AL10 at eauilibrium.

(*10%2)

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 AL10 at 100 000 cycles.

(*10°2)

UDEC (Version 3.10)

LEGEND

9-Jun-03 10:11

cycle 100000

block plot

displacement vectors
maximum = 2.398E+00
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JOB TITLE : Block plot of north-south profile of AL11 at equilibrium.

(*1072)
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UDEC (Version 3.10)
LEGEND

10-Jun-03 8:45

cycle 10000
block plot
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JOB TITLE : Displacement vectors for north-south profile of AL11 at 100 000 cycles.

(*1042)

UDEC (Version 3.10)

LEGEND.

10-Jun-03 9:12

cycle 100000

block plot

displacement vectors
maximum = 2.392E+01
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JOB TITLE : Total unbalanced forces for north-south profile of AL11 at 100 000 cycles.

UDEC (Version 3.10)

LEGEND

10-Jun-03 9:12
cycle 100000
history plot
0.00E+00<hist 1> 5.59E+06
Vs.
0.00E+00<time> 2.07E+02

Department of Geography
University of Durham
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JOB TITLE : Block plot of east-west profile of AL11 at equilibrium.

(*10%2)

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 AL11 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
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JoB TITLE : Displacement vectors for east-west profile of AL11 at 40 000 cycles.

*10%2)

UDEC (Version 3.10)

LEGEND

9-Jun-03 14:31

cycle 40000

block plot

displacement vectors
maximum = 5.897E+01
Lo b
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JOB TITLE : Total unbalanced forces for east-west profile of AL11 at 40 000 cycles.

UDEC (Version 3.10)

LEGEND

9-Jun-03 14:31
cycle 40000
history plot
0.00E+00<hist 1> 6.08E+06
Vs.
0.00E+00<time> 8.73E+01
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University of Durham
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JOB TITLE : Block plot of north-south profile of AL3 at equilibrium.

(*1072)

UDEC (Version 3.10)
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LEGEND

15-May-03 18:21
cycle 10000
block plot
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JOB TITLE ; Displacement vectors for north-south profile of AL3 at 13 000 cycles. 1082)
]
UDEC (Version 3.10) r
I 2.250
LEGEND
15-May-03 18:23 I
cycle 13000
block plot ~ 1750
displacement vectors
maximum = 3.493E+01 L
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JOB TITLE : Displacement vectors for north-south profile of AL3 at 15 000 cycles. 1072)
UDEC (Version 3.10) r
- 2.250
LEGEND
15-May-03 18:25 I
cycle 15000
block plot - 1780
displacement vectors
maximum = 7.286E+01 L
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UDEC (Version 3.10)

LEGEND

15-May-03 18:31

cycle 20000

block plot

displacement vectors
maximum = 1.268E+02
I T A
0 5E 2

Department of Geography
University of Durham

JOB TITLE : Displacement vectors for north-south profile of AL3 at 20 000 cycles.
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JOB TITLE : Block plot of east-west profile of AL3 at equilibrium.
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JOB TITLE : Total unbalanced forces for east-west profile of AL3 at 150 000 cycles.
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JOB TITLE : Block plot of north-south profile of AL2 at equilibrium.
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JOB TITLE : Block plot of east-west profile of AL7 at equilibrium.
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Figure 8.38a: Block piot of the east-west profile of AL17 at equilibrium.

682




2 3 z g g § 2 S
1 L 1 1 1 1 1 1 ! : | L | L8
Wiins
DA OR
e .
. SR
g i
g ~ SR e [
S it :
3 2 LT L] T8
™ .u.u'%mmmw,..- 7 i o
& R
o |
P~
r o
< e
cm o
2
2 |
[«
3 -8
W =3
@
(]
8
w
o]
8 ~
5 1%
g -
g Q 3] 2
g sle o5 :
2 &5 2§
B 4 o poet ERT m.m A
= ne EE 25
32
Fl g T¥sEE- £
m a 00X gl
9| S JoXSE 82
~38w —° o
5 Q3
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west profile of AL17 at 34 360 cycles.
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Figure 8.41: Out of balance forces with loess smoothing function applied to pick out the main trends in unbalanced forces.
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Figure 8.42: Comparison of failure mechanisms compared with the out of balance

forces for models simulating the sandstone inselbergs of the Wadi Rum region.
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Figure 8.45: Exponential asymptotic model (dashed line) applied to x-displacement
data for the toppling failure on the south face of AL10.
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Figure 8.46: Exponential asymptotic model (dashed line) applied to x-displacement
data for the failures on the east of AL11.
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Figure 8.47: Exponential asymptotic model (dashed line) applied to x-displacement
data for the failures on the east (a) and south (b) faces.
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Figure 8.48: Exponential asymptotic model (dashed line) applied to x-displacement
data for the failures on the north and south faces of AL2.
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Figure 8.49: Exponential asymptotic model (dashed line) applied to x-displacement
data for the failures on the west and south faces of AL7.
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Figure 8.50: Exponential asymptotic model (dashed line) applied to x-displacement
data for the failures on the west of AL17.
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Figure 8.51: Results of erosion rate modelling on the samples selected for '°Be dating. As the erosion rate increases, the applied erosion rate correction
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