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Measurement of large scale roughnesses of rock

planes by means of profilograph and geological compass

Mesure de la rugosit6 de grande extension des fissures d l'aide d'un profi-
lographe et d'une boussole g6ologique -

Messung grossrdumiger Unebenheiten von Kliiften mit Hilfe von Profilo-
graph und Geftgekompass

E. FECKER, N. RENGERS: tlnivegit& Karlsruhe, Karlsruhe - Bdpubtique Fdddnle
dAllenqne

SUMMARY

The authors have developed a measuring instrument, the profilograph, which makes
it possible to recold roughness profiles of joint planes with a length of two metre6.

By taking large number of measurements over 6uch area using the geological com_
pass after CLAR it is po8sible to receive very aimilar 

"oughnees 
diagrams out of

the scatter of the measuremehts.

Because the 6ize of the compass base plate greatly influences the results the investi-
gation was carried out varying this parameter, This delivered a good impreFaion
of the unevenness of the joint in different orders of magnitude.

RESUIVIE

Le6 auteura ont d6velopp6 un inEtrumant de mesure - dit Profilographe - €ervalt A

des€iner des profils de 1a rugosit6 des plans de s6paration d'une longueur de deux
mbtres,

Si 1'on exEcute de nolnbreuees mesures sur ces €udaces e I'aidd de la boussole
g6ologique selon CLAR 1a dispersion dea lesultats donne preeque la meme image
de la rugosit6 des surfaces que si l'on la couvrait avec beaucoup de profils de
prcfilographe.

La dimension de la base de Ia bou€sole joua.nt un r6le important, on
differenteE dimensions. Par une exploitation s6par6e on gagnait une
Ia rugosit6 dane 1e6 diff6rent6 ordree de grandeur.

Sympo3lum Soc. lntemat. Mdc.nlqu€ d€. Roch€., Nlncy 1971.

travaillait avec
impregeion de



KURZFASSUNG

Die Verfa€ser haben ein lel3geret - einen Eogenqnnten profilographen - entwickelt;
welcher eB ermdglicht, zwei Meter lange Rauhigkeit6profile von Gesteinstrennfla-
chen aufzuzeichnen.

Belegt man dieselben Flechen mit zahlreichen Messungen mit dem CLAR-Gefiige-
kompaB, so lent sich aus der Streuung dieser Mes6ungen ein nalezu gleiches Bild
der Unebenheit der Fuiche gewinnen, als wenn man sie mit vielen Rauhigkeitspro-
filen iiberziehen wiirde. Da aber die crd13e der Anlegeflache des Kompasses eine
groBe Rolle 6pielt, wurde init verschieden g"d6en Al]egeflacheh gearbeitet, und
durch getrennte Auswertung ein Eindruck der Unebenheit in verschiedenen GrOBen-
bereichen gewonnen.

INFLUENCE OF SURFACE ROUGHNESS ON SHEAR BEHAVIOR
Recent investigations on friction along separation planes in rock (GOLDSTEIN et at.,
1966, PATTON, 1966, RENGERS, 1971) show that the surface geometry of the
rock surfaces is of extreme importanae for the friction characteristics. RENGERS
(19?o, 19? l) developed an meLhod to deLermine lrom eections of the lock Eur.faces
the amounts of I'sliding uprr and the I'angle of sliding upt' during shear displacement.
ThiB method is based on the fact that for a certain amount of shear di€placement
n . L (fig. 1) the amount of sliding up A h can be calculated as follows:

A h,, = n.!.tgo n (1)

c . being the rnaximurn angle between t}le reference plane ,'ref" and a secant to
the profile with a base length n . L. By measuring many eecants to the sections,
varying their base lengths n , L and collecting the maximum positive and negative
angles of q. 

n for every base length€ used, a diagram like fig. 2 ca! be drawn,
'.lhe curve connecting t}Ie maximum values of + q and - a for the different base
lengths 4 . L i6 marked by the solid tine. By multiplying the values for tg q of
the points of this curve with the correGpending base length the a'rnounl of A h can
be caLculated by equation (1), The dashed line connect€ the calculated amounts of
sliding up for the increasing amount€ of shear displacement.

The influence of amount of "ellding up'r on the increase of normal stress acting
on the separation plane arld t}le influence of the rrangle of Eliding up" on the effective
angle of friction are discuEsed by RENGE-R.S (19?1).
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"ref" Ahz

qi€j__1j Relationship between surface geometry and'rsLiding uprr during sheai
di€placement.

Relation entre la g6om6trie des surfaces et Ie mouvement transversal pendant
le movement relatif longitudinal.

Zusammenhang zwischen Oberflechengeometrie und I'Aufgleiten,r bei Relativbewegung,
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FiE. 2: Diagram fo? extreme values of q for different baee lengttre S (= n ' L)
Eii-fEE "rr"vJof 

sliding up calculated fr'oln the6e extreme vaLues.

Diagramme des valeutE extr6mee de G pour diff6rentes longueurs de base S (= n

et li courbe de mouvement transvereal calcul6 par ces valeurs extr€mes.
L)

Diagramm der Extremwerte von cl fiir ver6chiedene Ba€isliingen S (= n
Aufgleitkurve, die aus diesen Extremwerten berechlet wude,

MEASUREMENTS BY PROFILOGRAPH

FECKER (19?o) and RENGERS (19?1) describe two methods to obtain profiles across
rock planes with lengths between 2.5 cm and 2oo cm; optically for the smaller sca'les

by using a stereomircroscope and mechanically for the larger scales by using a

profilograph (fig. 3a, b). As both of these met}Iods are iime consuming arld need

speciaf equiprnent, the authors developed a method which gives satsifactory data on

the larger sca.led rougbless, often called wavinees, of rock surfaces using a geolo-
gical compass aJter CLAR.
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Ijg:__!j Profilograph

COMPASS MEASURING METHOD

The scatter of compass measuremente laid raldom]y over an rock surface is
determined by the foughness of this surface as well as by the size of base plate of
compass, By varying the size of the base plate it will be possible to assess the
roughness in an area a€ large as or larger ttran the base p1ate. To investigate
this approach to determine the roughness measurements lvere made with the pro-
filograph as well as q.ith a compass with different circular base plates q,ith a
diameter of 5,5 - 11 - 21 a\d 42 cm (figule 4),

I]gJ! SmalleEt and largest base plate of compass used in the rougbres6 investigatlon.

La plus petite et ]a plus grande base employ5es pour les mesures de la rugosit6.

Kleinste und grdBte Kompal3anlegeflii.che, die bei der Unebenheitsuntersuchung
verwendet \{urde.



The results of thes€ measurements were plotted.in a polar equal-s.rea net, sepa-
rately for each of the fou! size€ of the baEe plate of ttre pofrpa€s. Ott this pto:t
the orientation of the reference plane "ref" which qras used in ttle profilograph
mea6urements 'i,vas maikbd by pole in the stereogran. It is rotated into tbe hori-
zontal poaition around a rotation axis for eaEier;valuauon. See figure 5. Al-t of
the poles of joint meaEurements were algo rotated around the: sellle axis. .Plotting
and lotations were quickly eolved using the cEll-computibg program (KRiiCKE-
BERG, 1968, KIRSCiTKE, 197O).

I!g:-:1r Rotatign of reference plane c
in hoiizontal position. The pol€e of
joint measqreurenta wele alEo rotated
around lhe sarne axi6. Pole 1 will be
aJter pole 1' etc.

Rotation due plan moyen o dans la posilion
horizontale. LeB p6les des mesures des
fis6ure6 sont egalement tournEs autour
du m6me axe. P6le 1 devient p6le 1' etc.

Rotation der ausgleichenden Ebene e in
horizontale Lage. Di€ DurchstolJpunkte
der Kluftmessungen sind urn die gleiche
Ach€e mitrotiert. DurchstoBpunkt dea
Flecheulotes 1 wird zu DulchstoBpun-kt 1'
etc,

RESULTS

Fig. 6 and ? Fhow the po1eB ol two different Jissure planea for measur€ments with
different EizeF of the ba6e ptate oJ the compas6. The poles a"e rotated Eo that
reference plane jd in horizontal po€ition.

The diffelent po1€ diagratne show that fissure 1 (fig. 6) i€ rougher tl1aIl fissure 2
(fig, ?'L -attd that the scatte" of the measuremdnts inclease€ ftom t}le largeEt.to
the.6mAu€st baee plate, Poles with the largeet diEta.nce from the centre. represent
the largegt €rlgle c .betreen reference piane a'IId the roughneEe targenta as deter-
rniDed by compags.

Thesd po.les with the largeEt di€tance from the centre are connected fosning contours
of rbaximurn scatter. In Fig. BC theee limits of all fou! size€ of base pl.ateJ are
€urnmarized in one diagr€lor,

Additionally, the great circles of the horizontal and verticaL plane€ of +fre plofilo-
graph eections are represented in these diagrams, The dilections indicating the
poBitive and negative values of cl, in the Etereographical projection are represented,
too.
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Fig. 6: Rotated pole diagram of fissure 1

Diagramme dee pales aprba rotation de la fissure 1

Rotierte Lotdurchstonpunkte der Fleche 1,
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Fig. ?: Rotated pole diagram of fisaure 2

Diagramme des p6les aprberotation de la fissure 2

Rotierte LotdurchstoBpunl<te der Flache 2.
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$g,_1! @^Curves of the maximal €cattering from different baae plates of tlle
compa6e. (BJ Comparieon from compaEs meaBurements and profilograph measure-
ments by the curve of the rrextreme values of o r'.

@ f,ignes ae la d6viation maximale de€ meaures pour diff6rentes dimensions de
la base. (9 Comparaison des me€ure€ a boussole et profilograph par Ia courbe

"des valeurs extr6mes de c .

@ Linien der m€ximalen Streuung der MeFsungen Init verschiedenen Kompa8-
Anlegefldchen, (BJ Vergleich der KompaB- und ProfilographmesEung ar Hand
der Kurve der "Extremwerte von o' ",



Fig. 8B show6 a comparison of profilograph meaaurement€ arld compagE lnea6ure-
menta. A€ the profilograph Eections were horizontal and vertical with respect to
the joint plane, the comparieon is limited to t}te two directions of the two profile
sectionE. Fig, 88 ehoq's the culvea connecting the maximum valuea of g
Plotted are:

,
I) the curveB which rvere obtained by the profilograph measurement€, and

2) the points of the aalne curve aE they were derived from compaga measure-
ment6.

These pointE can be determined by multiplying the tangens of the extleme value
of angle c in the profile section with the base length (= diameter of the base plate
of the compaee). From these curves the correirponding curve ofrreliding uprr ae
shown in fig. 2 can be obtained.

The advantage of the compase measurerDents, beside simplified field lrork, is the
fact that in the diagram 8A tlle valueE tor q, ca! be read in arty direction, also
betv.een the two profile directionE of the profilograPh, For measurements in
Bpecific directionE t,he profilograph meaauremetlts are more acurate,

A6 satiofactory reEults were obtained with the compass for areas of 2 x 2 meterg
thie method is expeeted to be applicable for larger extent€of joint planes, too.
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