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Abstract

The studied land sliding affected an srca cf 7C ha, having a
length of 2 km and a width varying between 110 m and 6CC m.
"hree available zerial photographs (black and white): one taken
immediately after the land sliding and two taken twelve years
and respectively one year before, have confirmed the hypothe-
gses a geologist established in field by employing convention-
al mapnings.

The hypotheses referred to the size of the sliding, to the
sliding directions, to the thickness of the mass of slid
earth in some points, as well as to the development of pheno-
mena all along the »rocess. /ith that end in view, a compara-
tive photo-interpretation of some field elements recorded on
the three aerial photographs was performed, and there were
used metrical determinations (levelling, ccordinates, linear
cnd angle measurements) made by stereo plotting devices on
the aerial and terrestrial photograms talien after the land

gliding.

Intzrednetiocon

During the last decade, a great number of more or less import-
ant land slidings took place in Romania, some of which
stabllized, others which reocccurred; w»art of them threaten to
start again.

licreover, in some zones considered not to be favourable for
land slidings, such phenomena have nevertheless occurred.

The situation led to the necessity of performing various
studies, both in order to find out the potential land sliding
places and the measures to be taken so as to prevent the

damages that such phenomena cause to human amd material goods.
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The geolcgicst's activity ig of a great importance in tThis
irind of ctudies 3 a reolcgist is the first called to account
for the phecnomena produccd 2nd to recommend the ieasures to
be taken, in collabor:tion with many other experts ; these
measures arc conditioned by o series of objecctive elements.
That is why , in case of 2 large or relatively large land
sliding, the geologists are directly ( as a profescionzl task)
or indirectly ( by mere curiosity ) intcrested Lo sce ond to
analyze the cause cf the respective land sliding , to state
their owa opinicas and to find the best solutions , so as to
limit the sliding and to consolidate the land , in order to
avoid another sliding .

The geologist called t¢ exnress his opinion in connection with
the 1ond sliding can reckon on a veluable help if he has at
nic disposal phoetogramuetric records of the s8lid zones ,taken
before and after the sliding has occured , beciuse one nay re-
ly on <uch rccords when establishing the cnuses of the slope's
instobility , 2s well as the most cconomical and moct adequate
onsolidation mecans nd systems , the measures to be apnplied

]

so 78 to eliminate the causes which had led to the instabili-~

5

v 5 to pnrevent it and to control the future efficiency of the
applied consolidution measures.,

The authors of this. paper , a photogrommetrist and a geotech-
nician , huve proposed to transpose the data o geologist had
in connection with & recent .liding ia the basin of the Dim—
bovita River zond to susguest ideas concerning the necessary me-
thodology for finding out the potential sliding zones, by cer-
ial photograms .

Je should mention from the very beginning the feoct that +the
data concerning the respective zone , cquired by convention-
al methods , have not only been coufirmed by the photogrims ,
but they have been completed ; they have suggested new poirnts
of view , which could not have been apparent through the tra-—
ditional methods.

Record of problems
Starting from an initisl analysis made directly an the acrial
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photogranhs taken in June 1979 , immediately after the land
sliding , and then considering also two older aerial photo -
grophs token in 1978 and in 19€7 , the authors of the present
study have concluded that photogrammetry offers certain pos-
sibilities to obtain more easily data connected with §

1, the morphology of the considered area ;

2., the inter-rclation between the morphology and the geology
of the deposits ( rocks ) of the respective ground ( rock re-
sistance to the external agent action , their nature - struc-
tural areas a.S5.0.)}

3. the measurement of the position of structursl surfaces (di-
rection and inelination )

4. the measuremnent of the nposition of rock stratification in
that zone ;

5. the correlation between the position of structural surfaces
and the rock positien ( a very important factor in determining
whether water may penetrate through the end of the layer ) ;
6. the slopes' microhydrosraphy ( the water network and flow-
ing system on the slope )

7. the areas of the slopes showing a moisture excess ( slopes
and counter-slopes retaining the water, snrings, emergence
places of the water )

8. the zones favourable for phenomens of instobility ( areas
affected by old land slidings being in a state of doubtful
equilibrium - non-active cones , but which are potentinlly ade~
equate for sliding ;

9. parameters of active sliding ( a) - an affected =2rea ; b)-
the failure pitch ; ¢) -~ earth mass movement ; d) -~ deliver—
ing zones ) 3

10. the establishment of the sliding direction of the earth
miss ;

11, the development of sliding phenomena }

l2. the efficiency of the measures of consolidation .

In figures 1-3 an exzample of the above is given , indicating
the phenomenon or elerient shown by the photographic image or
which can be determined by me-ns of photographs.
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Me tr 1 ¢ determinations
In order to outiin some of the geometrical elements characters
igtic of the land =liding , orthophotographs have been carried
out bused on the photosraphs derived from the three successive
aerial photographs t:ken at the same scale, as well as from
maps at the plotting scale of 1/2CCC with 1m of eq, using the
nhiotosranhs of the last two photosraphs tolten .
In the process of sterco nlotting for each aerial ohotograph ,
there were recorded the nodel coordinates and levels fer the
significant det ils chosen together with the geotechnician.
At the same time , the terrestrial photographs token on the
gseparntion zone were processed by an inctrunent of the steco=
meter type, 2nd the ccordinates ( x,y,z ) of some characteris-—
tic or fictitious nointe were obtoired .

1. Determin tion of the sliding plane position ( direction and
inelination ) .

T.o procedures were used - cne relying on terrestrial photo-
graphs ond the other , on aerial photographs .

The terrestrial photographs w.re employed for the places where
the layer “long which the sliding had taken place had remained
discovered ( fig.4a ond b ) .

By exploiting the terrcstrizl photographs and by calculations,
we cstobliched the co-ordinates of some A,B,C,type groups of
points in ab _codesic system ( x , ¥y , 2 ) ; these groups are
selccted so that the stroight lines AB and BC may opproximate-
1y form an angle of 10c® , according to which the pline inclis
netion was determined on the directions 4B zand BC , os well as
the general inclination and direction of the sliding plane ,
settled by composing the vectors that define the two compo-
nents .

The 2erial pholographs were used to determine the successive
inclinztion of the slopes affected by sliding in the apparent-
ly motionless areas . In this respect tuere were established
the co-ordinates ( x , y , 2z ) of some details ( three ot
least ) identified on the shotographs derived from the three
cerial photographs , =nd thus the inclinations were deduced as
above ; these data supported the further interpretations of
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the position of the sliding slane on lurge areas.

2., Determin=tion of the position of ;colosical fermitions (di-
rection md inclination ) .

When tolking over the terrestrial shotegraphs, we noticed por-
tions .here .eclogic:l fermations outcroosped in tio directions
( fig., 4 "e" ) in the scparation zones, where tle geological
devosits vere not affected by the cliding, md , by photogsran—
metric nrocessing, the co-ordintes ( x , y , 2z ) of points 4,
B, C, D were determined j; so , the layer dircction and incli
notion were deduced in a wory cimilar to the sbove mentioncd
one » It is prefcrable tc malte both dircction mneasurements =~
cainst reference horizons

3. Determination oi the cnrth nocs thickness affected by glid-
ing.

An orientative imzge of the corth moss thicknesg affected by
gliding wag obtained by comparing the position of the slidiug
plone witlh that of the lund surface plane obtained by ctereo
ploting device , with levels in the falling zones ond in the
upsetting zones ( fig.l-4 ) ; these data scrve to estivcte the
depthe neceszory foer srespection works ( bore-holes, wells )
as well ag in the stability calculations .

4, Determin:tion of the .lidc carth mass wovement .

A first cstimute of the apporent size of errth mass movement
in vorious :liding points was obtoined by means of linear
mcapurements made on orthophotographs derived from photograms
tallen after the lond sliding. The meagurements were mode in
the falling , upsetting and froguentation zones , according to
certain planimetrical det_ils ( fig.1-3 ).

In ordcr to uetcrmine the ctual size of the earth movement,
accurute plunimetric details were identified on the photo -
graphs taken from th:e three available cerial photogrphs for
which the geodetic co-ordinates ( x , vy , 2 ) were determined
within the samre reference gsystem by =n instruxzent of stereo -
plotting, =28 well as on the orthophotograms .

The dimensions and direction of the movement having occurred
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at the surface of the land were doduced from the differences
between the co-ordinates values . The above data cerved to es-—
tiblishh the evolution of the pheno.enon in time , ¢s well as
the order in which the difierent earth mocses started moving
cnd the couses of the sliding .

Conclusions

This study shows thec possibilities coficred by the photogran~
metric recordings and proccssing through an interdisciplinary
co-operation , in obt ining curlitative and cuantitative ele-
ments concerning the geotechnicl internretation of the slope

inctability phenomena .

The advantage of the udopted method is tinat it =llows @
a) - the rapid atteinment of o general e timate of the cliding
dimensiong 3 b) - an accurate determination of the parzmeters
recuired so as to lmow the causes of the gliding , its evolu-
tion und the nececsary consolidation measures ; ¢) - a retro-
active examin tion of the zone where the sliding has occured
by a comporative analysis of thie photogrmmetric recordings
m-de before the sliding ; d4) — the location of the consolid t=
ion measures on o suggestive meterial o
The method ~dopted perinits the working out of an accurate and
cceuplete study , with less technicsl ond economic expense then
in the case of conv ntional investigsotions - and in a shorter
period of time.
It has reculted from the study carried cut that a previous a-
nelyeis wade by an experienced reseanrcher ( preferably by a
tecw made un of = pheteogrammetrist and o geotechnician ) on
the photographs and zerial photographs talten in 19€7 and in
1978 would hrve led to the forecast of an eventual activation
of the zone , because the old lines of falling and upsetting
re cvident on them . The fuct shows thaot it is nccessary to
inprove =né extend this method in 211 cases wiere there are
photogrammetiic materials available and that it is most use-
ful to pecrform some special photogrammetric recordings for the
zones with land sliding potenticls , remcte sensing included.
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Aerial photograph showing the situation of the area in 1967 (before the sliding)
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Fig.2 Aerial photograph showing the situation of the area in 1978 (before the sliding)
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Fig.3 Aerial photograph showing




Fig.4 Terrestrial photograph showing the situation of the area (after the sliding)

a,b - the poinfs selected for the defermjnalion of the position of the sliding Lplane i

c —the points selected for the defermination of the position of the geologic structure.
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