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:'...bstract 

The studied l3nd slidine affected an CJ,r ;:;a of 70 h 2, having a 

lenr,.th of 2 km o.nd a width v o.rying bet•neen 110 m a nd 6CC m. 
1J!hree availa ble ._~erial hotogr a phs (bl .. ..!.ck and ·white) ~ one tak en 

immedi~.tely after the Lmd sliding o.nd t wo t aken twelve ye ars 

and respectively one year before , have confirmed the hypothe

ses c.. geoloc;ist est :J.blished in field by employine convention

al map:0ings . 

'rhe hypotheses referred to the size of the slidinc; , to the 

sliding directions , to the thickness of the ma ss of slid 

earth in some poi nts , as well J.S to the development of pheno

mena all along the ;oroces;._; . ·1/i th that end in view, a compara

tive photo- interpretation of some field elements recorded on 

the three aerial photoc;r::1phs v;as performed , and there were 

used metric:::tl determina tions (levelline;, coordinates , linear 

Lnd ane le me asurements) ma de by stereo plotting devices on 

the a erial and terrestrial photor;rams tal: en after the land 

sliding . 

I n t r o d u c t i o n 

Durin£ the last dec , .de , a ;gre a t number of more or less import

ant l and slidinc s took place in Romania , some of which 

sta bilized , others which reoccurred ; ·Jart of them thre a ten to 

start again . 

J:,:oreover , 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 potent i al land sliding 

places and the me e1.sures to be t aken so as to prevent the 

do.m...,ges tha t such phenomena c use to human a mcl materi al goods . 
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~ehc <>ole: ·.;.. . t 's ctiv i t :-/ L~ cf a --re e,t i dport :ce in t rlis 

::ind of ,_.tu-... ies ; a ' ;eol cgist i...; t h e fir:::t called to ~:.ccoun.t 

for the nhen o ncn a produc ed ~mel. to r ·CO hlnlCnd t:'::le i~.e asures to 

b e t Q1:en, in co:ll c.' :or '.tion ·;i th many other ex ;c rt :::; ; the se 

me a sures arc condition ed by . series of obj e ctive ele:.:cnts . 

Th,~t i s \·:hy , in c :t.se of "" 1 ·-.. r .:;e or r cl .·tivoly l a rce land 

olidinc , the geologists a re directly ( as a urofes ~ ional task) 

or indirectly ( by mere curiosity ) i n t erested to ~ c e ~nd to 

_n l ;yzc t he c ause cf the r cs pecti ve 1. ·.nd :.... lidin,'3 , to st _·.te 

t' eir ov1.1 op inio.r.1s cmd to :tind th be s t solutions , so as to 

limit the sliding and to consolidate the land , in order to 

avoid ;:mother sliding • 

The e eologist called tc ex r;ress his o:pinion in connection with 

the 1 .nd slidin& c ~ n reckon on a valuable help if he h :=-ts at 

hie die 1) 0Sal phct ocra m,cetric r e cords of the slid zones , takan 

before , d after the s liding has occured , b c c :mse one :r.ay re 

l;:,r on .. ·uch records 't"Jhen establishing the c .... mses of the elope 's 

inot .~bili ty , s ·.:ell a s the most e co.1omic2.l cmd most ~dequate 

consolidr>.tion llU.lns .1.no. systems , the measures to be c. _1lied 

so :: s to eliminate the causes ·,·ihich h a d led to the i n::;tabili 

t y , to . revent it a nd to control the : . .'uture efficiency of ihe 

applied consolidution me_ ure s . 

The authors of thi s paper , a photogr ·-:unmetrist and a g eotech

n ician , h ;..,ve pro'9 os ed to tran opose the da ta a e;c olocist had 

in corm ect i on ·:,ri th '-'- r e cent .Jlidinc; L~ the baGin of the Dim

bovi ~a River end to ou ·.:c-~ st ideas concerning the n ecessary me 

thodology for finding out the otenti::.,.l sliding zones , by e.e:r

i o.l photograms • 

:, e uhould mention from the very begi nnine the fe.ct tht..t the 

dat a concerninc the respective zone , .cquired by convention

al methods , h o.ve not only been c o.1firmed by the phot o.:::c, r Jii.s , 

but they h ave been completed ; they have sug[jested nevv poir.t ts 

of view , which could not have been apparent through the tra

ditional methods . 

R e c o r d o f p r o b 1 e m s 

Starting from an initial a ,1alysis ma de directly an the a erial 
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photoc;rar)hs taken in June 1979 , immediately a fter the l ::md 

slidine , and then considering also two older aeria l photo -

gro.phs t .1.ken in 1978 and L1 1967 , the authors of the present 

study have concluded that photo~ra~®etry offers certain pos

sibilities to obtain more e asily data connected y!Ji th : 

1 . the morphology of the considered area ; 

2 . the inter-rol::1.tion betv:een the morphology and the r;eology 

of the deposits ( rocks ) of the respective o-round ( rock re

sistance to the external ncent ~ction , their nature - struc

tural areas a.s . o . ); 

3 . the me~surement of the position of structuro.l surf .wes ( di 

rection ,, d inclina tion ) 

4 . the aea surement of the -oosition of rock stratification in 

that zone ; 

5 . the correlation bet\·Jeen the position of structural surfaces 

and the rock position ( a very important factor in determining 

whether \Vater may penetrate through the end of the layer ) ; 

6 . the slopes ' microhydrot:rP~phy ( the water n e twork ::md flow

ine syGtem on the slope ) ; 

7. the a reas of the slopes showin0 a moisture ez cess ( slopes 

and counter-slopes retainin,z the w~.ter , s Jrings , emergence 

pl,wes of the Vla ter ) ; 

8 . the zones favour · ble for phenomena of inst ability ( a reas 

affecte ". by old land slidings being in a state of doubtful 

equilibrium - non-a ctive s ones , but which :•.re pot enti:}lly ad

equate for slid.:_ng ; 

9 . p :.=:.rameters of active s liding ( a) - .:J.n r..ffected &rea ; b) 

the failure pitch ; c) - earth mass movement ; d) - d eliver

ing ~ one s ) ; 

10. the establishment of the Gliding direction of the earth 

ffi'l.SS ; 

11 . the developm~nt of sliding phenomena ; 

12 . t'1e efficiency of the meacures of consolid2.tion • 

In fie;ures 1 - 3 '1n ex '."..mple of the above is e iven , i ndicLting 

the phenomenon or eler ,ent shovvn by the photo .,:::;raphic imac;e or 

w:1ich c .3.n be determined by me'1.11s of photographs . 
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Metric d e t e r m i n a t i o n s 

In order to o ~Jt .:- dn. some of the ce ometricr:.l eler ents ch ""r·-cter

istic of the l and ::- liding , orthophotogr .phs h uve been c ~ rried 

out b:lsed on the photoe;r ::tphc derived from the thre e succc sive 

:=teriC,l photoc raphs t -.ken at the s ame scale , as well a s from 

m~ps ~t the plotting scale of l/2CCC ~ith lm of eq, using the 

uhotocranhs of the last t·vo photor;r·1. hs t, >::en • 

In tho process of utereo ·lotting for each a erial ilioto~raph , 

th~ re were recorded the ~ odel coordin~tes ~ nd levels fer the 

sienificunt det ils chosen tocether v:i th the geot e c~m:Lcian . 

!lt the s ::tme time , the terrestri . .1.l photoe r a phs t :~ken on the 

Eepc:rution 2one r:ere processed by an in.~ t r 1 :. ent of the steCO-,:o 

.~ctcr type , -.nd the ccord~n tes ( x,y,z ) of .:.; o;-.:te ch ·l r c.cteris

tic or fictitious oints ~ere obt ~ i ~ ed • 

1 . Determin .tion of the sliding pl 'me position (direction und 

inclin:J.tion ) • 

rr :o procedures were used - cne relying on terrestrial photo

graphs ~nd the other , on aeri a l photographs • 

The terrestrial photoc raphs w ~ re employ ed for the places where 

the la;;rer ·.long rvhich the e liding h c:.d taken pl .ce had remaine& 

discovered ( fi g . 4a 8nd b ) • 

By exploiting the terr cotric;.l photographs 8JJ.d by c .J..lcul~tions , 

we est ~bliched the co-ordinates of some A, B,C. type ~roups of 

points in ab . ~ eodesic s y s tem ( x , y , z ) ; these groups a re 

salccted so that the ~,; tr , ·. ie;ht lines AB and BC ay :..'.pproximate

l y form em angle of lCCg , a ccording to 1hich the pl ::: ne incl:i:

n .,tion was determined on the directions ;;.B 'l.nd BC , c.s ·well a s 

the general inclin.:ltion m"ld direction of the sliding plane , 

settled by comnosing the vectors that define the two compo

n ents • 

The 2erial pho~ocraphs ~ere used to deter~ ine the successive 

inclin:.:;.tion of the oloJes ' ffected by sliding in the appa rent

ly motionless areas • In thio res pect there were est a blished 

the co-ordinates ( x , y , z ) of some details ( three a t 

le-"st ) idcntifiod on the _,hot oc:;raphs C.. eri ved from the three 

~: erial photocr · phs , '1l"lu thus the inclina tions were deduced as 

above ; these data supported the further interpretations of 
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t,1e p o.:> ition of ti1e slidin''' 'l :::me O~l l -rc;e c.:~r c.-s . 

2 . Deter: :iiL'.tion of the position of , · ~olv:ic ::!.l fcr"n ;_tionr:, (cli 

r 0ction •n d : ncl i n tion ) • 

'./hen t : .l::int:; ov er t' 1e t erre :... trial , :hot oc;r a -;_1hs, ·,',re noticed ·nor

tions .. :1er e ,_cologie ·1 fcrr, tations outcro . .JT'ed i n t :o \.: irections 

( fie;. 4 11 c" ) in tl:1e s cp ,tration zones, where t~Le r·eolot;ica l 

d c v)o:..,i ts : ere not ·1f:t' ected b:r the c lidinc; , nd , by photoc;r:..;.m-

1 .etric processing , t :1e co-ordin.:tes ( :: , y , z ) of points A. , 

D , C , D v:ere de tern ined ; s o , the 1 ·1.~.r cr dir -: ct -i .on c.nd incli 

n _tion '.;ere clecl.uced in a ';;a:r simila r to the ._,.bovc meationcd 

one • It is p:r·e i' ·: r a ble to ~~ : e · oth direction r.£ JB1J.remen ts ' -
baL st refel'ence ho i~ons • 

3. Determination of the v.:.rth ::l,'.s s thickness .. ::.ffected 1Jy clid-

in;;. 

J.n orient ·: ti ve L,l ~.-·.ze of the c .rth m~~ss t .dc _-::ness w.ffect ed 

slidinG weu obt a ined bJ ccm1 1 ~rin: the ~ osition of the s lidi~g 

pL-.ne ..-:it::. tl:o:t of t:1e l .... nd surL .ce plane obtai 1ed by ~ tereo 

ploi{ine; device , ·.:i th levels in the L .Lllint; zones :::md in the 

upsettin~ zoneo ( fig. l-4 ) ; these d at a d crvc to estic~te the 

de:pthc neces ::::-.ry f er :1ros 1iection '. mr1:s ( 1Jore-'wles, wells ) 

us ~ 11 a~ in t~e st ~bility ca lculQtions • 

4. Determin•tion of the .lido c ~rth m~ss movement • 

A first c stinu .te of the o.pp:.1rent oize of e :.rth mass movement 

i u v '.rious . liding p oint s ~·ms obta ined by rileans of l L e a r 

me .taurem.ents made on orthophotographs d ~;:; rived :from photograms 

t -::en after the l cmd s liding. The me:~oureme ts were m ... ,.d ,_, in 

the falling , upsetting and fr c.c>•··'ento.tion zones , a ccordinG to 

ccrt : ~in IJLtn i .1 trical det __ ils ( fig . l-3 ) • 

In ord-:_.r to u.et or mine the "ctu:ll size of t 1e e <...rth movement , 

[_occur:.Lte pl :...ni rr.c tric details were id entified on the photo 

:;:.. .tphs t a:;:en from th( three ava ila ble ~·.erial photo,::rphs for 

\'ihich the geodetic co-ordinates ( x , y , z ) were determined 

v:i thin the s :·.rr:e referer.~.ce system by · .n ins tru.,_ent of stereo -

:plo ~ .. tinc, :.:ts vvell as on the orthophoto ::;rams • 

The dimensions and direction of the moveLent havinG occurred 
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at the surf~ce of the l · md ~ere d .duced fro the differences 

betvveen t h e co-ord. in.:ttes v a lues • he a bove d:'.ta :: erved to es

t ·blis . the evolution of the heno .. <enon in time , .s well a s 

the order i n 1;;.rhich the dif1.. ercnt e a rth m::.-..L> ses s tarted moving 

:-..nd the c ... .. uses of the s liding • 

C o n c 1 u s i o n s 

rrhis study shows the possibilities off ered h·r the photor ram

metrie recordi .. lc~s :-.md :oroc cssinu throu -::h an i n terc1isciplina ry 

co-operation , in obt -.ining c~u li t ,.,.tive and r·u anti k• tive ele 

ments concernint; the g r:_otec1inic.J l inter~'lretation of the slope 

in:-... t .'•.bili ty h eno . tena • 

The ~l..dvo.ntage of the ~ .. do ~Jted ,nethod is t im t it ,..,llows : 

a) - th r a [Jid att o..in.aent of :.. c ener 1 e .~ ti, a te of the sliding 

dimc:msions ; b) - an c.ccuro.te determina tion of the prr -::.meters 

re ~uired 3 0 .s to cnow the c a uses of the sliding , its evolu-

tion ~nd the nece ss a ry consolida tion ne a sures ; c) a retro-

::::cti ve e ): .... unin .tion of the zone vvher e the sliding h a s occured 

by ::1 comp::.r cl tive analysis of t 1e photogrmmetric recordings 

m~de bef ore tho slid i g ; d) - the loca tion of the consolidnt • 

ion me .:lsures on :..~ suL;r;e ..., ti ve m~::.t erial • 

The method a d opted pe nni ts the ··wrking out of .m 2"ccur_.,te and 

c cu plete s tudy , ·:.:ith les s technic. 1 :md vconomic expen se th2n 

in the case of conv ntional investi ~:: · tions - ~u1d in a s horter 

p .J riod of time . 

It has r esulted from the study c~rricd out thQt a previous a 

n , .lysis iilo..cl e by c..n experien ced res e ~.l.rcher ( pr e ferably by a 

t eG.:n made U O of ..:.. photog-rammctrist and c-;. ge otechnicio.n ) on 

the photo r;ro.;phs and e,eria l photographs t .... : ~en in 1967 and in 

1978 -.·.· otlld h c.ve led to the forec ...::.st of an eventual a ctivation 

of the zone , bec , use the old lines of f alling ::md u pDettinc 

re evid ent on t h em • The f a ct sho ~s t h a t it i G nc ces ~ ~ry to 

i :r.:1.1rove ~.ncl exte d this . .1ethod in ~ 11 C<J,oes w~~ere t h ere a re 

photogrammct~ · ic :n:.::terials available and that it is most uoe

fuJ. to p e rform some S_) ecial photoc r et.rru:<J.ctric r e corU. ings for the 

zones ·.vi th l 2,nd slidinc pot ent i [. .. ls , remote s ens in.:; included . 
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Fig. 1 Aerial photograph showing the situation of the area in 1?67 (before the sliding) 
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Fig. 2 Aerial photograph showin9 the situation of the area in 1978 (before the sliding) 
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Fig. 3 Aerial photograph show~ng the si~uation of the area in 1979 (after the sliding) 



Fig. 4- Terrestrial photograp-h showing the situation of the area (after the slid ing) 

a, b -the points selected for the determination of the position of the sliding plane ; 
c -the points selected for the determination of the position of the geologic structure . 
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