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Table1 Lithological distribution of Landslides and collapses on Baoji-Tianshui railway

At BEIRER BB TRE TERE
HERE(%)

[CE: 71.7 0.5 13.5 14.1
95 13.6 1.0 35.9 49.5
fegsgilE) 51.2 0.7 21.4 26.7
B RE BRI 59.3 3.7 18.5 18.5
B REKN RS 7.4 2.1 37.3 53.2
N5 Lo b ¢k Ak be) 26.7 1.4 30.8 41.1
48 B AT IR 73.3 0.6 12.6 13.5
L MA IS 17.9 0.9 34.7 46.7
R HROBERNRE 59.3 0.5 18.3 21.9

BHENEENRBNEEIERNE 2B ERENEL. XNFLHA, BRE
FRAE S RBIENEESRITEFANRARNOEMN, BFERATHREERBEES
RERGE o

MERRBREE A BRE B XEAFEHABRE (51.2%), KR HTER S
RQ6.7%)FERERQLAS), BERERTSLBANRRN (0.7%), Wb REZBOB
BRRBELBRENBENRENEESERREREE,

R, BERELAERAREOTIMEEENS AL REXHERERNZ0
BERe A, ERLDHEHH, EBHARNERLHREFL, ETEREAGEH
RAEREHRBBREENILE, EETEXREAETFEHRX TSN, RRARE
ERERTENOBENRIE, SHEER, ERER, E5NERRTERENBERNS
5, LR EEERER Do

XEREFNRAERTARARY RAONERRTIN, BRESHER KT K
NEEWEEHNBR KA ERANEADRIELENERB YT X, DB RARD
BY AP 7 61 g h sk 29 b R AR MEZHMAEAL. KEGEMELE
TGN & IR R AR AR B — IR “115” J3, B TR
M Z B R ARIRHE, BRI ZHEETEAERM AL, EERELRN
94 BB RE 71 LB T XMHER.

BT KABREURSSEDNER, LEREREFRE R, LHEE KB B
RIERRHE, 1963 £ 9 B 27 BRLEL 1358 + 150 — 350 HEM 40 AL A0
¥r,19814F 11 B 29 BEHAFE 1357 + 700 — 950 5 60 737 5 I B3R & B fl 1985 £ 9
B 17B TR 35 2R AT 1362 + 500 — 600 £Y 30 J7 37 MU AA IR 1B M S0 A e 73X —%F
Ho REBEMRESELEKEERDNKR, MAKEELEDBLHEEK, THEE
B, N BT IER A %o

MENHRE TR, ZHERESD, BN RE R A& Bk 8 2™ E ik,
RAMROGFEMFEEHEEN TXBREE. FREGBERSXIRN 1% X ER
HERKAEEE,HaEREERRE— M RREE,



»

®3m BRERE: TREBBRNERBESHREN 209

(UM B R (R R, W B st R B R P R R R RBAB . R
VIS ZE kAR A R B AR G I R 0 P (U R S BE  T I B D SR vh B, KRG 1R 35 B
T REAEREERERETEHRSEERE R BR RN HEZICEAL, $bsh,
BFARVACRR LT CEEEN TR ZEER S, SRS LR, XEs
REEZBEFRZENMER IH 6), AHEARRBREETEEERKL, X
MEZEERNABLFR 2 AWMBERTE, ANARERNZ LR, BEREFHRRLIE
RETTTATE AT B , g b bR A LR AR A A va i R db 7 P 1 ok S 4 B
TENR L ALR, EZREEXBERBNEENE, (BRk 1HE 7),

FREEKNSEFEIRTREER, HrEEEFERHRAERE. THERN
KRB AR TRAERANRART. BHRERAPOFEXEA,FZELHTHEL, A
DREER(IERE)RERS . XH. MRER R BB AEEE G E R R EMN
REABPAIBEHXMHERAERER . PHERANBEEP, SEARMETEREH.

R LRI, T REBEMBBOEEET - NEERR , RERENE A #&
BRBBRENRERER, SESENN N RETEEX R, Sit&P: 19514,1963
. 1981 F£.7 3 M, FlamBiRey Ki1259 |A®\W, RET 19518 AR, HEL
BRI B H AR, MESERNRFKE 23 X;XwK1358 + 150 — 1358 + 350ER#F
TEEER,ZRET1963 £9 J 27 B, EXZHAN—% AR EE, Y2ELMEWN 27 X;
Bin K1357 + 796 — 1357 + 970 W&+ EBEEEW, K4ET 1981 £ 11 B 29 H, kKW
FROT X, HURFYELERENNESL, BHREKRNBAR T H B REHM
MFEEN. ETERHRAYE, BRESEIAZNERER,

ANARFNZWEERAEF BRE I B BRI LEB R ERSES. 5§
HEBEREROKERE, LUTEEMAHE, ERENEREGEML. WEHEEM
IR R B ET AN ESD,

= INVEM R

ERENEBRERERERTTILHE, FL B BT RBITF. XKREER
BT EGIAESEOXERRE, B B RE KRBT, ANk LEE T RELKRIFERN
BEORE, UIrZNEEMASEHERBERER, HAXKE RN THEMERE,

DS, THEMNEBIEEMMRE 15 4, KRR 61 4b; BsRib ik H)i%
Ho44h, MEEARAKELR(BEBLENNRE 54 ko MNEEIRTHROBRHEE, X
RRERE 40 R4, X KLIABLLELEERL. BRBABER T, RRONWEEE
ETERZENHE LALREEREL BN, EMRRT EL LS. BT TIEA
EEREANETHRELEZENRE, MAEEBBERROEN. MMEIEREH. 4%
FERWE WRRELW. R ARRRRR, XEERPHNELTE R,

ATERBRNHBOS AR, ROVEBRIFELE D, ERTHARNE 1 AR
R, 7E 300 P07 EEYE A, RINHE B 398 &b, i35 206 &b, &11 604 4, B R
ERERAIMEE 61 4L, B35 94 &b/ BABM AR, B TRERRE BRI, TEM



210 I T %55

REHIBENRE EMNBEREE, TR RUEREXFENSKE, Y¥ERET &Y
F4 BB TR R, W R ZHORERZTURAN, XANEHETHARIRE
R BT E Y, T AR T R BB R L E

LANDSLIDES REMOTE SENSING INVESTIGATION ON BAOJI
-TIANSHUI RAILWAY AND INQUIRY INTO ITS LAWS

Cheng Yuzhang Li Hongmiao Li Haiming

(Institure of Remote Sensing Applicarion, Miustry of railway)
Abstract

Baoji-Tianshui railway was built before sept. 1949. lot of diseases and hidden dangers were
Yeft at that time. After that time a large-scale of controls were carried out. The state investiment
has broken through twoe millions per kilometer. It is full enough to censtruct another Baoji-Tian-
shui railway. Direct loss and influnce caused by landslides are even more immeasurable.

The policy that is taken in tackling these geological hazards by railway department is to rely
mainly on putting prevention first while making treatment subsidiary, and to combine treatment
with prevetion. However, for prevention we should have a pretty clear idea of how things stand.
And it is necessary for treatment in order of importance and urgency. Just for this goal we car-
ried out landslide investigation and research on Baoji-Tianshui railway.

The investigation and research are divided into two stages: general survey of landslide di-
stribution and dynamic analysis and comparison of landslides. The former was completed th-
rough interpretation of panchromatic black and white aerial photographs, imaged on August
20th, 1985, on the scale of 1:10000. To accomplish the latter were used panchromatic black and
white, infrared color airphotos of difference time phases and on several scales. For inspecting
physiographic environment and geological background were analysed MSS images of Landsat
also.

In process of general survey of landslides for inspecting natural distribution laws of lands-
lides, our remote sensing image analysis was carried out over a more wide range that involves
two sides of each kilometer of railway. In interpretation of airphotos 398 landslides and 206
collapses were found out. Landslides directly related to the railroad is 61 while collapses—94.
The former is concentrated on the sections Hudian-Fenggeling and Jianhe-Boyang. The latter is

concentrated on section Yanjiahe-fenggeling. They are concentrated in the middle part. They re-
ach the peak from Pingtou, and then stretch right to the west of Boyang.

Generally speaking, such conditions reflect the following factors: topography, geology, hy-
drology and human activity. Looking from the topography, the middle part of Baoji-Tianshui
railway winds through the gorge of Weihe river. Qinling mountain and Lupan Mountain hold it
under duress from left and right. The railway was situated at the foot of the Mountain and
beside the river. The high filling and deep cutting were compelled to take. Undoubtedly, this is
closely related with the design idea and engineering measures at that time. Therefore it also re-
flected the influnces of man-made factors. Intense lateral erosion of Weihe river is the main hy-
drologic factor while the influence of ground water is also important. As for geologic factors,
here they mean frequent magmatic intrusion, violent tectonic movement, crushing and weather-

ing of meta morphic rocks as well as peculier nature of loess.
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The generation of landslides and collapses is closely associated with lithology. According
to the preliminary statistics the landslides generated in loess are the most- They are totalled up
to 271 and make up 71.7 percent of the sum total. The landslides generated in crushed metamo-
rphic complex and weathered granite series are the second. The two are respectively 51 and 54,
that make up 13.5 and 14.3 percent of the sum rotal. The landslides generated in sandstone-cong-
lomerate series only make up 0.5 percent of the sum total.

Collapses generated in granite series are the most. They are totalled up to 102 and make up
49.5 percent of the sum total. The collapses gen=rated in metamorphic complex are second. The
total of them is 74 and make up 35.9 percent of the sum total. Collapses generated in loess are
far less, only 28 and make up 13.6 percent of the sum total. As for collapses generated in sand-
stone-conglomerate series, they are seldom seen. They amount only to 2 and make up 1.0 percent
of the sum total.

Looking from the general lithological distribution of landslides and collapses, the advantage
is also laid with loess—61.2 percent. The granite series are seated as the second—26.7 percent.
The metamorphic complex is situated in the next—21.4 percent. The ratio made up by the sand-
stone-conglomerate series is very small. It is only 0.7 percent. However, the lithological distribu-
tion of the landslides and collapses in hoth sides along the railway differs greaty from that of
the landslides and collapses associated directly with the railway. The fact shows that in the
lithological distribution there is, indeed, the influence of man-made factors. Nevertheless, the ex-
pression is mot very projective, because the proportion that made up by the landslides and col-
lapses associated directly with the railway is very limited.

Among the landslides associated directly with the railway close to a half of them is located
in the places that lashed by the main stream of Weihe river, while among the collapses of that
reached 75.5 percent. The sudden movements of many gigantic highspeed landslides are promo-
ted by ground water.

In addition, in the prosess of space remote sensing image analysis the influence of the cut-
ting and crashing of rock masses by fault fractures upon the slope failures left a deep impression
on us.

In general survey of landslide distribution along Baoji-Tianshui railway we as far as possi-
ble brought the advantage of remote sensing inte full play. We have had a overall grasp of the
quantity and scale of diseases on Baoji-Tianshui railway as well as reflected the factors generat-
ing these deseases on a broad background. We also inquired some laws in their generation and
development based on the whole region and thus broke through some limitations of traditional
investigation methods. Through the remote sensing investigation we have not only found far more
landslides than that in known informations but also established the landslide distribution ana-
lysis on the base of objective statistics removing the subjective imaging that is difficult to be
avoided in the past. A lot of facts have proved that the remote sensing technology is, indeed,
the best means for finding out of the regional distribution of landslides.

If the engineering geological surveys similar to the present were carried out originally
most of the deseases on Baoji-Tianshui railway would be avoided. Drawing lessons from the
defeats not only leads to know the importance of carrying out engineering geological surveys but
also to prove the necessity of adopting the remote sensing techniques.

Key words Remote Sensing investigation of Landslides General survey of Landslide

Distribution regional Distrigution of Landylides



BEEF . RGBS BB % 5 a7
Cheng Yuzhang“ et ‘a] :Landslides Remote Sensing Investigation
on Baoji — Tianchui Railway and Inquiry into Its Laws

PO, 1“‘1"\5“‘

B3 RURE Zo0k e

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.

AR 1

http://www.cnki.net



RETS, FXREH R OERRE SHERT B I
Cheng Yuzhang et al ‘Landslides Remote Sensing Investigation
on Baoii — Tianchui Railwav and Inquiry into Its Laws Plate Il

7 i b T R RS IR

B 6 Ry e AR B A A

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



