Master Thesis in Geosciences

Dynamics of talus formation

May-Britt Seeter

UNIVERSITY OF OSLO

FACULTY OF MATHEMATICS AND NATURAL SCIENCES







Dynamics of talus formation

May-Britt Saeter

Master Thesis in Geosciences
Discipline: Environmental geology and geohazards
Department of Geosciences

Faculty of Mathematics and Natural Sciences

UNIVERSITY OF OSLO
01.06.2008



© May-Britt Seeter, 2008

Tutor(s):SupervisoDr. Fabio V. De Blasiogco-supervisor ProfKaare Hgeg

This workis publisheddigitally throughDUOT Digitale Utgivelser ved UiO

http://www.duo.uio.no

It is also catalogued IBIBSYS (ttp://www.bibsys.no/engligh

All rights reserved. No part of this publication may be reproduced or transmitted, in any form or by any means,
without permission



http://www.duo.uio.no/
http://www.bibsys.no/english

Acknowledganment

First,| owe my heartfelt gratitud® my supervisor, Dr. Fabio V. De Blaside has been an
excellent source of motivation and inspiration all the way through this master thesis, and
made all the work exciting to accomplishhas been a great pkae to work with such a

cleverand nice person!

| also want to thank my esupervisor, Professor Kaare Hgeg. | really appreciate his excellent

lectures and sincere encouragement and support.

| want to thankviikromak and WINanalyzeBerlin, Germany, fokindly supportingme the
motion tracking software WINanalyze. Beside | want to théwmdrg R. Brinkmann

Mikromak for always being helpful and service minded.

| want to thankProf. K.J. Malgy of the Institute of Physics of the Oslo University who very
generously lent me the higdpeed camera and the room for the experiments. | also thank

Ph.D. student Ken Tore Tallaksen for technical help with the camera, and support.

Knut SpbPren of the company f &epartoftbekgagae n Fr a

material for the experiments.

| also especially want to thank:

Ra CleaveNGil, for kindly helping with the laser equipment

Ulrik Domaas for all motivating words and supp@umd interesting scientific discussions,
Eystein Grimstadior importantinformation on the Spiralen talus, and my nice office
neighbours Weibiao Warandhanks to Sven Vangbaek for providing me help and support.
All the staff at NGI, especially everyone of the basement are thanked for the support.



YU [ 0] 4= /2P 4

Chapter 1 Introduction and ODJECHIVES. .........coviiiiiiiii e 5
I A = T3 (o | {0 [ Vo ST 5
1.2 TheSIS ODJECHVES ....uueiiiii et eees 5
Chapter 2 LItErature FEVIEW............euuuuuiiueiimmreeeeeeessnss s s s s e e e s ememssnaas s s e s e e e eaeseaaeeeannenanns 6
Chapter 3 Field CaSe StUAIES........coeeiiieieieee e enees 11
0 I 1= [0 o ] PP PR PP PPPPPR 11
3.2 Talus slope at SKAAAIENM...........cccuiiiiiiiiceeee e ener e 11
3.2.1  Decription Of StUAY SItE.....ccvveeiiiiiiiie e errnre e e e e e 11
3.2.2 Slope angle ahgrain size distribution.............ccccciiiiicc 13
3.3 Talus slope at Spiralen, Drammen..........ccocooeeeiiiiieeeiiie e 15
3.3.1 Decription Of StUAY SItE........cceiiiiiiiiiieere e 15
3.3.2 Slope angle and grain size distribution...............cccooviiieeeei 17
3.4 Comparison of the two talus SIOPES.......ccooviiiiiii e 18
Chapter 4 Small scale laboratory eXperiments................eeiiicccereereiiiiiiee e e e eeeerannns 19
4.1 Selection of particles for the eXperiments........cccccccveeiiiiiecceee 19
4.2 Physical properties of the grainS............ccceeeeeiiiieeeeii e 19
o R €1 - 11 1] . = S SO 20
N € - 11 ] o= T o= 20
4.2.3  ANGIE Of TEPOSE.....ceiiiiiieeeeie e 23
N €1 - 11 W0 (=T 17| USRS 24
4.2.5 Summary of the grains characteristics.............coooeiciimmen e 25
Chapter 5 Study of the particle distribution in a talus SIOp€............ccoeeviiiieeeieii e 25
S 00 R |V =1 o To R 25
5.1.1  EXperimental SEIUD..........coovviiiiiiiiiiimreeeese s e e emree e e e e e e e e e e e e e 25
5.1.2 Experimental ProCEAUIE..........cccuuuiiiiiiiiiieeeiiiiiiie e eeer e 26
5.1.3  IMAQE @NAlYSIS......ccoiiiiiiiiiiiiiiitiemme e e e e e e anas 28
5.2 Presentation and analySIBreSuliS. ..o 29
5.2.1 Distribution; effect of the grain Size...........cc.ooovviiiie e 30
5.2.2 Distribution; effect of the fall height..............cooo e 34
5.2.3 Accumulation; effect of the slope angle..........ccccooooiiiiiieeeiiiiii e, 39
5.2.4  AMOUNT OUETUNNEIS ... .iiiiiiiie et eeeee et e e e et smne e e e e e eeran e e aaeees 43
5.3 CONCIUSIONS. ...ttt eee et e e e e et e e e e e e e e e e e e e e e e e s smmraeeeaeeens 44
Chapter 6 Study of rolling frICHON........coooi i 46
6.1 Density Of the SPhereS.....cccccoiiiiiiiiiiiiiiceeee e A
G /1= 1 o o SRS RRRRY ¥ 4
6.2.1 EXPerimental SELUD..........ccoiiiiiiiiiiiiieeee e 47
6.2.2 EXperimental PrOCEAULR........uuuuiiiiiiiieii ettt 47
6.3  RESUIS...oiiiiiiiiie e snnrr e ereeeeeeeeee e A8

G @0 o X U1 (0] o 52

Chapter 7 Capture of particle motion at Impact..............ooovviiiccciiie e 52
7.1 EXPerimental SELUD........ooo i eeee e e e e 52
7.2  EXxperimental ProCeAUIE.........cooiiiii e eeree e 53
7.3 Video analysis: a little atlas of partiebed collisions...............cccevvviiiiiicenciiinnnee, 54
T4 RESUIS ...ttt s 54

7.4.1 Granular bed composed of yellowagee sand.................ccccciiviimmenniiiiinnnns 54
7.4.2 Granular bed composed of red very coarse sand................cccoeeemeeeiinnnnnn. 57
7.4.3 Granular bed composed of blue granules............cccooooiiicce s 68
7.4.4 Granular bed composed of pebhles..............cooiiiiceciiii e 71



7.5  SUMMArY Of FE@SUILS.... ..o e e 77

7.6 CONCIUSIONS. ....uiiiiiiiiiiie ettt ettt e e e e e e e e e e e e s st e e e e e e e e e e e s s s s b nees s s s nnnes 80
7.7 General trends emerging from a comparisothefexperiments.......................... 81
Chapter 8 Smalscale simulation of talus initiation and evolution....................cccceeeens 82
8.1 EXperimental SEUP........coooi i reer e e e e ean 82
8.2  EVOIULioN Of taluS SIOPE.....ccc oo 83

S TG T o [od [ 1] o] o 13U 86
8.4 Experimental observations of talus slopes formed by flat stones................... 87
Chapter 9 Theoretical CONSIAEIALIONS. ..........uuuuiiiieiiiieeeiiiiieiie e eeeer e e e e 93
9.1 Situation of small particles falling onto large particles............cccoovvvvvieeeeenenen. 93
911 A fAzer 0.0..mo.d.e.l - 94
9.1.2 A more refined MOdel..........ccciiiiiiiiiiiiiee 96

9.2 Large particles falling onto small particles..............cccovvviimmmnniiiiiiiieeee 96
Chapter 10 Discussion, conclusions and prespectives...........oovvvvvvvimeeeeeeeeeeeeeevevnnnnnnnn. 98
00 R 5 o U7 o) o 1 98
10.2  Conclusions and PErSPECLIVES...........ceeviviiviiiiieeeeee e e et eeeeannaes 99
Chapter 11 RETEIENCES........uuuiiiiiiiiiiiieeieeeii bbbttt e e e eeeer e e ettt e e e e e e e e e e e e e s ammeeeeeeas 102
Appendix A:Graph to date lichens age by the measure of lichen diameter............... 104
Appendix B : Characteristic of blue granules and syenite pebbles................ccoeeeee. 105
Appendix C: Values used to calculate density of the spheres..............cooeveeeeeeeeennnn. 106
Appendix D: Graphs and results of particle distribution.................cccvimemrriiiciiinnnnee. 107
Appendix E: Video analysis; an atlas of partibled collisions...............ccccceeeiiiiiieccnnnnens 114



Summary

Many areas at the foot of steep rocks are subject to periodic falls as shown by theepoésen
abundant stone accumulations, caltatls Taluses are relatively common formations that
may occur at rather different scales: from a few meters to thousands of meters. Numerous
field surveys have provided quantitative information on the charsitsriof a talus deposit.
However, much less has been done on the dynamics of a talus evolution.

In this work, a further effort is made to understand the dynamics of talus formation based on
experimental studies at the small scale. Firstly, the complexithe processes forming a

talus deposit is simplified by studying the interaction of only two kinds of grain sizes. Grains
of one size class are cast from a certain height down a plate covered by a grain of another size
class. The plate is inclined withcertain angle. The final distribution of grains as a function

of the distance from the fall point is then measured and analyzed. In addition-spééegh
camera is used to monitor the instant of impact. When small grains fall on large grains, a
nearly exponential decrease of grain distribution as a function of the distance from the fall
point is observed. On the other hand, large grains falling on a granular bed formed by smaller
grains lose much more energy in the impact, but then may roll down slegetde whole

plate length.

Because rolling friction appears so important in the dynamics, a dedicate study was also
devoted to study the process of rolling on a granular medium, and found that large spheres
may actually reach a longer rait, the densjt being the same. Hence, these experiments in
conjunction can clarify in a more quantitative manner the distribution of rock size along a
talus slope.

In a further study a smadicale talus was created, allowing for many different grain sizes to
interact among each other. We found that talus evolution is not always reducible to
elementary processes. Collective processes may occur as well such as creep, grain migration
through the granular bed, and avalanching.

Finally, a particular class of relatively wrmomon talus slopes was considered: the ones
formed by flat stones. After measuring the properties of these talus in one field example from
Southern Norway, a smadcale replica was made. It was found that these taluses are
dominated by a more uniform rockze distribution along slope, which is a consequence of

the predominance of sliding versus rolling.



Chapter 1 Introduction and objectives

1.1 Background

A talus is arock accumulation at thbaseof a mountain wall, and aery common formation

in mountainous or Hy areas.t is formed by rock fragmestnoved by gravity, deriving from

cliff or steep rocky slope, and rargge size from small particles to very large boulders. The
fragmentdall from the headwall consequent to weathering (ftbatv activity in rockjoints,

rain), seismic activity and humattion (Turner and Schuster, 1996alus depositareeasy

to identify on air photos as bare slopes in mountainous areas, but the vegetated lower slopes
are not that easy to sp@tbramson et al., 2002).

The impatance of taluses as geomorphic driving forces is evident when looking at the
remains of a glacial valley, which is usually filled of detritus along the flanks. Taluses are also
significant in applied geology, because single boulders detached from théamaide may
damage properties and threat human life. Despite the frequency of taluses, the dynamics of
particles flowage on their surfaces is still not fully understood. The largest boulders in talus
cones have usually a longer faat distance, which nka&s construction at talus foots
particularly unsafe (Turner and Schuster, 1996)he problem is very important for the
assessment of safety in mountainous amghsnsingle boulders detached from the mountain
side may damage property and theedtuman Ife. It is necessaryo havegoodknowledge of
rockfall trajectoriesand thé& maximum path length, height and veloaithen makinchazard
mapsor construding defence systemsA falling stonemovement is a combination tfie
processesof rolling, bouncimg, falling and sliding. Statham (1975) has studied some
empirical relationships to describeetBorting effect, suggesting that the apparent friction
coefficient is inversely proportional to the ratio between the radii of the particles in the bed
and theradii of the falling stons (Kirkby and Statham, 1975). However, no theoretical basis

substantiates this purely empal relationship.

1.2 Thesis objectives

The purpose othe master thesiss to experimentallyinvestigate thetalus evolution, by
studyingthe dynamics of a rock fragment falling on a granular bed that is inclined near the
angle of reposdn addition the thesignvestigats the relationship betweethe shape othe

talus cones andhe impact energy of particlesThe procedurefollowed is to study by
laboratory experimentthe behaviour of grains moving on top of a granular, bdtereas



most previous studies have been concentratd on large field scale Advantags of the
laboratoryexperimend arethat the processes involved may be controled it ispossible to
reach conclusions by comparing the experimevith field observations anchathematical
(numerical)modelling.

First an experimental tiktable had to bebuilt to study the distribution of grains falling
independentlyrom differentheights down onrainclined table The studyhad toinclude loth
smaller and largdialling grains, comparedith the grainscoveringthebed The purpose was
to comparehe distribution ofgrains impacting the inclined ground with different ameurit
enggy. A high speed camemaas necessarfpr studyng the impact phase and to provide
deeper understandingf the grainsmovement and energy Because rolling friction is an
important process in a talus development, we also explored the problem dfitigefriation
makinguse ofdifferentspheres rolling on granular bed he runout distance of the spheres
was putin relation to their size andensity.

Thena study of théormation and evolution of a talus slojseexplored bythe use ofgranular
of different sizesIn additiona laboratory experimentith the purpose was set tpexplore
the distribution offalling flat grainsalong a talus consisting of tabular blocksvo different
talus slopes of distinct characteristics were mapped for sloge aregasurement and grain

size distribution.

Chapter 2 Literature review

A talus deposit may range from very coarse fragments with big voids, to mogrdined
compacted material. The talus may initially be formed by a mixture of fine and coarse
material orby larger particleshat with time degrade and form smaller particléBalus
deposits can be classified into reslkpported, transitional and matsypported. In aock-
supported talus slope, the weight of the deposit is transmitted as point loads between the
fragments (Turner and Schuster, 1998atham, 1976)Sieving of smaller particles within
voids of larger particles, creates a kind of packimgt contribute to makklyers underneath
fairly stable Movement within the talus slope is according to Pérerenuinstable within fine
debris areas than surfaces covered by lfmagments (Pérez, 1985)he rate of talus shift is
greater towards the top, andgenerallylimited to individual or small groups of particles
(Gardner, 1969).

Largescale avalanche onsidered to beare on talus slopes, because the slope is in dynamic

equilibrium with the supplyThe talus formation is related to energy input by work done on



the slope, energy loss by transport of input pagjdiensport oparticles on the slopgue to
collisions and to friction and low coefficient of restitution. Changes in energy induce changes
in slope form Whenthe energy is lost due to moving &fagmentsdown slope andloss of
energyare not counterbalanced by the gain due to fall ingthgity field, the fragmentwill

stop and contribute to stemng the slope. Inheopposite cas# will accelerate and decrease

the slope ang. Large fragments carry more energy and get a longetoutnand because of

the higher moment it takesorefor them to stopSmall irregularities of the surface can cause
small fragments toetard in the depressions, while larger fragments are able to bridge the
roughness of theurface (Statham, 1979).

The angle of repose is the alegat which a mass of delsriwill come to rest after tipping from

low height of fall It representhe maximum angle of slope that can be held by a mass of rock
fragmentsand is roughly independent thgmentsize. Themagnitude dependsoth on the
surface roughness arie shape 6the fragments (Statham, 1976), (Finlayson and Statham,
1980).Most talus slopes are 5 degrees or more below the ahgbpose for the material of
which they are madef (Statham, 1976).

Figure 2-1 Example of trajectory of rockfall.

Talus slopes usually consist of a straight upper slope and a concave lower slope, seifment

fine grains at the top and coarse at the base. Statham proposed that the size grading and the

balance between the length afagght slope and concavity were due to mechanics of the rock
fall process. Theravel distanceare variabledue to boulders falling from different heights of
the cliff, and also becaus¢he boulder is exposed to increased frictional resistance when

traveling down the graded talus slope with increasingly grain Sitmham suggested thtae



boulderfirst will pass over fineand then progressively coarser material, and finally stop at

the slope Were the other grairsreabout the same size. The frictitorce is both dependent

on surface characteristiesid onthe rock shape. The surface roughness can vary a lot within
short distances, therefore friction force between a rock and slope surface is best characterized
by the dynamic angle of frictiofFinlayson and Statham, 198Rirkby and Statham, 1975)

Different coefficients for the rolling and sliding phase of a block are proposed, when
considering sliding and rolling friction between block and slope. (Statham, 1979)

Sliding friction is defined by mearsf the normal component of the block weight according

toCal ombés | aw of dry friction:
F = mOnQ @osb Equation 2-1
where O is the dynamic friction coefficient,

The dynamic friction coefficient is depending on the block and the slope. tolling phase,

a differentiation is made between pure rolling and a combination ofg@hd slipping in the
point of contact, using a Adynamic friction
(Statham, 1979Kirkby and Statham defined the dynamic friction of angle as the relationship
between the radii of particles in thedodivided by radii of particles falling (&/R) and the

frictional resistancéisplayed inEquation2-2 (Kirkby and Statham, 1975).

m,=m+ KaR;;ed g Equation 2-2

K=constant

M= t aandp=t an A

We r gis the dynamic ang of friction anda ¢ is the angle of internal friction

Rpeqis the radii of the grains lying on the slope, and R is the radii of the fragments falling

(Kirkby and Statham, 1975).

In this thesisaconsant d with the following definition

h= Mass of the falling grf:ur’ with following relationship talynamic friction angle
Mass of the bed grain

n&=ﬂ3+Kae—Rbe“o ﬂa+£
¢ R

+ i

A fall starts from a steep slope along a surface on which little or no displacement takes place.

A falling fragment will have an input energy proportional to height of its fall, and descends



mainly thiough the air by falling, bouncing and rolling before it comes to rest. These modes
of motion depend on the mean slope gradient, and are weld togethempradictable way
) - D
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Figure 2-2 Basic types of block movement: free fall, bouncing, rolling and slidingHeidenreich, 2004)

Bouncing occurs when the fragment impacts the surfiocedescribethe dynamics ©
impacts, one defines the coefficient of restitutimhjch also sometimes is combined with a
coefficient of frictional resistance. The coefficient of restitution controls the loss of velocity
and energy during impacdfHeidenreich, 2004). Its
o energy is esolved into components downslope and
normal to the slopdisplayed in figure B. The normal
component will be absorbed in the talus surface, and
tend to move other particles. The downslope component
will tend to move the particle down the slopéhe
measure of the resistance normal to the slope is called
normal coefftient of restitution, while the measure of

the resistance tmovement parallel to the slope is called

tangential coefficient afestitution (Heidenreich, 2004).

Figure 2-3 (Heidenreich, 2004)

Rolling is generally characterised by frequent and low energy impact with the ground, and
bouncing by more violent but fewer impact. The boulder loses much energy thru bouncing,
thusthe coefficient of ra#tution is normally much smaller than one. Rolling implies particle
rotation around an axis not necessarily parallel to the ground. Usually rolling prevails at small
slope angles (< 45 degreesjDorren, 2003 Evans and Hungr demonstrated that large
boulders in general tend to roll and slide down a slope and stay near the slope surface, rather

than bounce. Long trajectories on moderate slopes tended to by dominated by rolling, and the
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Figure 2-4 The behavbur of grain motion at different angles.

kinetic energy is mainly lost in the first impact. Long horizontal reach is achieved when the
fragments are able to build up sufficient horizontal and rotational momentum by travelling
over a long inclined segmeat talus slopgHungr and Evans, 19933liding occurs barely in

the initial and final phase, while it requires a combination of smooth surface and low velocity.
Thus if the slope gradient increase, the sliding boulder starts bounce or roll, if the tgradien
remains the same the boulder usually stops because of energy lossfdogoin With
steeping the gradient to between 45 and 70 degrees, the boulder tends to bounce. When
increasing the gradient even more, from about 70 degrees, the boulder wid fathanost of

its trajectory When the ground consists of a rdeformable material, the coefficient of
restitution will be at its maximum. Figu&4 shows the range of angles betweenrtmeges
(Dorren, 2003

A well known theory stated by many authds the particle size distributions along talus
slopes with a decrease in grain size upslope talu&gardner, 1970), (Statham, 1973)
Statham, 1976), (Morche and Halle, 200Gardner (1970) reports a poorly sorted aggregate
along the slope, but with lagarithmic decrease in average grain size upsiBpert slopes
show a faster decrease sizes than longer slopes. Stath&t®73) (1976) found a linear
relationship in grain size along two studied talus slopeshis work | will focus on this issue

in some detalil.

A widely used method to date the stability of talus slopes, is by studying growth of the lichen
Rhizocarpon and their exposura block surfacesRapp, Nyberg, 1981)he growth rate of
lichens is primarily dependent on light, moisture, penature and nutrient supply. Rough

surfaces are favourable as they stay wet longersanmbthsurfacescould beproblematicfor

1C



lichen growth. Unstable material can sometimes explain anomalously low lichen values on
steep slopeéErikstad, L. and Sollid]., L., 1951).

Chapter 3 Field case studies

The taluses studied alecatedin similar siteswith respect tdopography, elevation, aspects

and climate The kinematics at both places wasobably initially fall, initiated by
undercutting of the underlying stralyy weathering.The talus slope located in Skadalen
appeaed as straight and steep, with grading of grain sizes. The fragments and boulders at the
basal part of the talus slopeere covered by lichens, which was used to evaluate the slope
evolution.The taus slope locatedt Spiralen north of Drammen, appedas steeper with flat
tabularblocksand without the grading of grasize.

3.1 Field work

The field work vas carried outin November 2007. The characteristics of the talusesew
studied by measuring owfrids by the use of a 2 meter long stidihe talus slopes were
mapped with a compass equipped with an inclinometer for slope megsurementnd the

grain sizes by a measuring tape.

At Skadalen the stability of the slope was estimated by measuwiren$ along the slope by

use of a ruler. According to Erikstad and Sollid it is a better and less sensitive method to
measure five of the largest lichens within an area, instead of only one which is most common
(Erikstadand Sollid, 1951).Therefore the man diameter, which is the idealized diameter if

the lichenis circular, from the five largest lichens was measured. From the mean diameter it
is possible to estimate a value for the lichens age, taken from figkppandixA. The

figure displays a liner dependency between lichens, measured on different comparable
locations in Norway. Graph marked A, are measured from sites which can be compared to
lichens measureat Skadalen (Sgrbel, 2007).

3.2 Talus slope at Skadalen

3.2.1 Decription of study site

The talusslopeat Skadalen isocatedin the eastern part of southern Norwstyaight north of
Oslo. The location is marked on map displayefigare 3-1.

11



Figure 3-1 Location of talus slope, SkadaleriStatens katverk).

The taluss heading towards southwest lying in a rather hilly terrain. The slope extends about
400 meters, and is 280 meter in longitudinal directiorand he slope consists of coarse
angular grains and boulders with rough surfaces consistinjordmakitt with tabular
feldspar free of ©plagiocl ase an@eoldgipaymap,i n 0
1952). The outcrop is estimated to arodrfidmeterhigh. The slope appeaes straight and
steep at the top, and more concave at the fpttath a decrease in gragizes upslope the
talus.The apex of the talus slope had no lichevisich indicates thatecent rates of supply or
redistribution havdéeen high. Athe talus footsurface boulders @reolder with increasingly

sizes of lichend=rom measuring of lichens, it che suggestdthat ths site only hareceived

a negligible supply of bouldeturingthe last 120 yearn&rikstad and Sollid, 1951)
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part of the talus slope and part of outcrop.

3.2.2 Slope angle and grain size distribution

The measured grid in Skadalen had longitudinal distance and curvature length of about 25 x

15 neter. The results from the angle measurements are displajigdrim 33 and 3-4. The

figures display the longitudinal profilé¥ofil A to Profil D, starting from northwest heading

towards southeast direction.

Profiles Skadalen

[EY
(o]
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Height (meter)
.|.> Qo

Profile D

o

25 20 15 10 5 g Profile A

Lenght (meter)

O Profile A
O Profile B
B Profile C
B Profile D
O Profile E

Figure 3-3 Longitudinal profiles of talus locatedat Skadalen.

The talus longitudinal profiles refer to the talus deposit in cross section.
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Profiles Skadalen
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Figure 3-4 Measuredaverage slopeanglealong a cuwvature length of 15 meters displayed above the talus
profiles, located at Skadalen.

The numbers displayed aboymwints on tle graphs infigure 3-4, is the average angle

measure@long the curvature linkkom thefive profiles.

Skadalen
Grain size distribution
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Figure 3-5 Grain size distribution in contour length, downward talus slopeat Skadalen.

In addition the grain size distribution in 4 contour lengths with distances of 4 and 5 meters
within the grid area was measurédgure 35 dispaysthe grain size distribution in percent

along the slope. It shows that the apex part of talus slope is mainly covered by smaller

14



particles between 180 mm. The grain size in gradually increasing downward, with main part

of the largest blocks situatedl the base.

3.3 Talus slope at Spiralen, Drammen
3.3.1 Decription of study site
The talus slope located about 500 meters from Spiralen near Drammen, is marked on the map

in figure 3-6.

Figure 3-6 Location of talus slope, Spiralen north of Drammen(Statens kartverk).

The terrain ixcharacterised bynstable talus, with steep terrain inclining towards seest
The slope consistof quartzporphyry, consisting of denséabular cracking Figure 3-7
displays part othe outcrop of pproximately 7 metehigh on top of the slope, characterising
the stratified layersThe cracks are betweer3® cm, andabularblockswith cracks up td

meter. The fissures surfaces are covered by small degree of rouffBnesgtad, 200Q).
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