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ABSTRACT: With mining mtenzity mereasing, more and more deep opan-pit minss are graduslly tramsformead to underground mining in
China nowadavs. Focusing om 2 high open-pit slope under the inflnence of undersrommd mumme. the spatial diztribuiion and development
trend of zlope dizplacement momtonng data wers znabvzed, combined with calenlation of slope stability under differsnt engmmesrme
cordibions. The resulis show that the slope deformation has 2 pertodic chanse with the zeasons: and the ramy sezon 15 the most miense
peniod. of deformation development, when the tensile cracks om the thard-lavel platform of the zlope become penatratinz chammel for
ramwater. Ths slope stability coefficient of the creep zrea undar the mnsaturated conditton 3z 1.010 and the most danzerons sliding surfacs is
located m the upper part. whils potential shdme zones might ba linked fopether and local sbip mizht develop mmfo oversll failire in the rols of
heavy ramfsll and reasomably slope cutting can largely mprove the slope stabiity. By studyins the deformation process of the cresp arsa,
thas deformation development charactarizfics and possible falures modes are zot, and 1t could provids smdance fo the remforcament mezsures

of landslides and groumd subsidence.
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L INTRODUCTION

Practice shows that to 1dentify the ssomiechanica]l miede for zlops
deformaton and fEihore 15 the bazis of the prevention and control of
geological dmasters (Huang, 2007). At present thecries and
mathods for the anslyais and evaluztion of slope stabidity can be
generzlized into  two  catesories.  which  are  gualistive
comprehenzive analraiz’ of snmmesrms seolozy and guantiabve
mathematical-mechamics  caleolation, mamly wsms  the hmet
eguihbriom metheds and ssotechnical mmmanieal analyaz methads
for zlope stahbity calewlation amd evalnation (Fhens, 2012; Tans,
2013; Chen, 20145,

Slope enpimeerme 1z anm opém systern with zeveral paws of
problamz nesded to be rezearched. such z= finrte deformation and
large deformation problams mmmedizte deformation and lons-term
deformation problemses. zt the zame tms, following with many
nziural science and soctal problems (o, 200%; Wang, 20110 There
are @ laree number of larse-scale open-pit mmes m Clhina {Yang,
2011, espacially coal munes, and. the averags muminz depth =
merezzed with the contmuous mimeng. znd the economic costs
mcrezse at the same time. Therefore, more and more opan-pit coal

mungs are sraduzlly transformed to underzroond munmg {Peng, 1989;

Joio 2012; W 2013). and the development of slope deformation
procezs has bacome more complex. which 1z influenced by the
mtesrated effect of engmeenng zeoloztcal condihons, rock and =01l
properties;, pertodic rainfall process,  occamiomal  sarthgoaks.
vegetation, rainforcemsnt measures and other factors(Lm, 2009
Zangz 012 Camarse 2016).

The deformation of open-pit slops 15 12 process of continuous
development, with strazz sguiliorium state and zlope stabality siate
constantly chanzine. In ramy seasons, the mutual static and dynamie
affect of ramwater 1= an important tnigzer factor of landshdes that
can mot be: 1gnored (Toyota, J012; Johsankaza, 2013}, znd it s
mecessary to study the deformation development charactenstics of
open-pit zlope under combmed mflnsnce of wnderground momms
and other nflustems factors. which haz become an urgent techmical
problems fo be zolved at presant.

In this paper, tzking the enzineening practice of gh slope inthe
northwest pit of Antaihao cozl mine a: example, the daformation
charactenstics and slope stabiliiy under different condibions are
rezearched based on monmonns data, and the deformation process
and failure mede of open-pit slope ondar wndersround mimms are
studied Respectively, the effect of undersround mimms on the
deformation charactenistics of opar-pit zlope i+ explared, and the

stabulity characterishcs of the zlope wndar diffsrent combimahorns of
anginesning zeological conditions 1= analvzed. Fmally, the poszible
faitlure mode 1= described, which can provide referemce for
prevention and control of slope stabilsty

2. ENGINEERING BACKCGROUND
2.1 Enginéering zealozical conditions

Horthwest pit of Antatbao open-pit mume i3 mamly coversd by
Quazternary aystem loess, as zhown m Figors 1. The maximum
keizht of the slope from bottom to the top 1= about 238m. and the pit
mcludes zaverzl steps zbowt per 30m from bottom to the top, with
ztep width zbont 40n.

Figure |  Full visws of the open-mit min=

Slope area 12 m the sast of Mingwu coal field Bhuorhon mmins
area of Chma; and m the north of Minewn svochine. Loess 1= widaly
distributed 1n the well fisld, according to the expossd surface and
revealed drilline. the stratom from old to new are Qrdovician on
ZhonsTons mapazou group{(lz), the carbomiferous ZhoneTons
existing  zrouplC2b), the carbomiferons tapuan formation
stockings(CH), Pemizn next tasseled zhamo group(Pls), the
Permian stockmps wnder stome box  groonpPlx), the Permuan
stockings on stone box group(Pls). Tertary stockmes on new(MN2).
Quzternary system{).

The high zlope 1z located in munmg arsz where the anmual
ramfzll = 545 3~632 Imm mostly concantrated in Tuly, Ausust and
Septamber. Thess three months accomnted for 73% of znmzal ramfzll
sometimmes up to 0%, with mewmimem  daily  precspitation
87 0~133mm. The lonsest contmuous precipitzhion timse 12 12 days,
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Underground muining camsed thick tensile cracks m the third-leiel
platform, and the permeability mereazes with bydrogeclozical
anvironment changad With the contimions understommd minins the
slope surfzce tensile cracks will gradually expand In the raimw
seazon, rammwater poured through surface cracks inte the slops, and
ramnwater penstratme  wall further exacsrbaie  deformation
development and slope fathire

At prezent, thers are 2 lot of penstrated cracks m the third-lecel
platform. while only the lower part of the northwest pit hasz been
protected by zhotcretimg, and -dramage =ysiem haz mot been
establiched m the upper zlope. For the emphasired protechon of
cresp area where a larpe-zoale landsiids happensd. smx borehioles
zlong two suwvev lines were chosen to gat the profiles and =oil
propertizz of cresp area, as shown i Figmre 2. and Tahbla I shows
tha physico-meckanieal parameters of 3 soal layers and = rock layers
I the area,

(@) 3D model of the siope

(b) 2D toposraphic map of creep arsa
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{c} Profile of 27 survev hine

Figure I  Bketch map of creep area

Taklel Physico-mechanical parameters of media

Mo Media rf kN = m= O/ kPa Bl )
1 Fill 182 5.0 g
] il 20,0 188 248
2 Sty clay 200 4.7 213
4 KMudsto 233 2150 245
5 Sandstons 240 3230 286
] Mudztone 3.8 3010 27.8
7 Mudstane 743 2240 156
] Sandsions 4.1 1380 25.6

2.2  Underground mining condition

The cozl mine melodes three minzble zeams. and they are zll
Taruan formaton coal seama and now Mo 9 and Mo 11 coal seams
are main minzhle zeams.

Underground munmins induces caving of ovarlvine rock seams
mmer slope znd tensila cracks on the slope surface. with zlopa rock
mazs miegnty destroved and the ongmzl rock strensth decrzazmme.
Slope stabulity iz determinad by slops deformation statuz, under the
combmied influance of uwnderground wmimmez and open-pif minmg,
leading to mieractins minme effects, and 1t 1= 2 complex dvnamic
avaterm, Lavout of mimnable seams 35 shown m Fisore 3.
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Tizure 3 Undersround mimng conditions

The moming work-face m WO.9 coal zaam 15 muck broader than
zobs m INO.4 coal seam, but they are far away from the zlops.
mamriy canamz sround subsidence. As shown m Figure 3, there are
five gobs m MNo4 coal ssam Only zob | and gob 2 are linked
togethar, cavsing obvious surface subsidance while gob 4 and zob 5
are nearer 1o the slopa surface, and play an 1mportant role m clope
deformation and. crack development In this paper, onby zob 3 of
Ho.4 coal seam waz concernad with the deformzhon and stability of
cresp area. At the zame tume, ? typical sections of the slope are
choszen for anslysis. as shown in Figure 4.
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1.3  Statuz of creep area

Creep area 1z located m the southwest of the slope. undsr the third-
level platform with 3 large mumber of tensile cracks on the upper
third-fevel platforms. Under the creep area lies Gob 5 of WO A4 coal
sezm, and natoral exposure of upper soil leads to locseming of the
strfacs so1 2nd contimuon: deformation At the hegimnng of this
cemtury, the creep zrea ocourrad an pverall Ismdcshde with. an
sarthwork of shout 80,000 m®, while soil mstant slipped nearly 60m.
Since ther the eresp area has been closaly monttored, especially the
development of swrfzce deformation, and the cresp area 1=
confinupus moving, and 2 koge potential shidineg body with lansth
over 100 m has been formed which 1= 2 potertizl threat:

Under the mmfluence of cpen-pit excavation and underzround
mining, lots of cracks occwrred om the third-level platform, about
100m from the bottom, which provided pemsiratine chamnal for
surface water, especially the raiwwater. At the same ime, Tamwater
penetrating will promote the comtmucus devalopment of cracks.
Through mvestization, 1t &= found that the surface = covered with
red clay im the area Red clay = hizhly plestic clay, with high
porostty -and sisnificant shmnlose and 1t can eazidy become a
gathermg place of water. Therafore, this region 13 very hkely to
form a wadga shdine body, shown 1 Fazure 3.

{a) Dangerous araa

(B] Crzcks on the third-level platform

Fizure 5  Creep arez of northwest slops in Antatbac open-pit mine

At pressnt, ssveral wedse-shaped shdins bodies have been
formed from the third-level platform, at the =ame tms, the
accumulztion of ramwater amd sroumdwater will arode the bedrock
at the bottom of the slope, which vall azgravate the Gilure of the
slopa. Boughlv, there are potentiz]l shdmz zons A and potentizl
shiding zowe B, and zeverz]l momitormz pomts were loczted in the
danserous area:

3 DEFORMATION CHARACTERISTICS ANALYSIS
31 Two tendencies of zlope deformation

Combming fisld inveshzation znd engineerine geclogy condibion,
software FL ACE 15 adopted to analyze the deformation process, and
the calculation moedsl of the lush slope 1= zeperated accordms to
geclogical survey, and then mumerical spmnlation of deformation
process Ia carried ont

In the sumencal meodal Lohr-Coulomb stremsth eriterion is
adopted to describe ths failure criterion, and there zre loesy znd
othar 14 rock lavers. and Table 1 shows the physico-mechanical
paramaters of media nzed for cresp arez amalysiz, nclndmz 3 sod
layers amd 3 rock lavers, which zre determimed by geclogical
exploration.

Talkong the three sections of the slope 2= example, as shown o
Figure 4, positive bomzontal dieplacement 1= defined 3z honzontal
dizplacemisnt zway from the goaf =ide amd Fizure § cshows the
honzontzs] displacemant of sach sechon wrth alttude chanping, the
extracted datz at 170m and 130m of section I shows 2 dizplacement
deformztion towards goaf side, while other pomts towards outads
Section I and section 3 al:o produce 2 borzzomtz] displacement to
the goaf side at the two measurng pomts with hizh alirhede. and
other three momitorme pomt snay fom the soafzide. Althoush the
point: mear the top of the zlope produce a larse retraction
displacenisnt towards goaf side, this deformation iz beneficial for
the overall stahility of the slope, therefors afier exirachon, the
deformation of the overzll zlope 13 zubstantizlly =table. With the
stopping face progressing of Mo cozl, the ground zphsidencs
center will be trancferred fo the above of o9 coal stopping faces,
but zlope deformation will mot be obrious milusnced becauze they
are far away from the zlope. Under the mfluence of coal stoppme;
the deformation response of legh slope wall enhance. vertical
dizplacemisnt wall mersase and the developmant trend zway from
the soaf sids will be more obvioas.
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Figure § Hoenzontal diplacement of monitonnz pomts with
alttinde changses after onderground minmgs

Fizure 7 zhows the deformation charactenstics of zection 1 -after
undersropnd muning. The displacemsent vector changad obvously,
and the clope has a3 tendency of deformation toward: both apart and
towards the zobs. On the top of the slope, the deformation 13 maimly
vertical dizplacement towards underground mmins sobs, whlz on
the bottom the deformation 13 mamnly borizontal dizplacement awaxr
from the sobs, resuoltine m shear stress concentratiom and
widespread femails plastie zomes om the top of creep area. on the
adge of the influence zone of mdersround mimnes. At the same time,
2 small mwnber of shear failure zones sppeared at the botor of the
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slope. The oppozite horizontal deformation direction of upper area
and lower area leads to shear failure zones of the slope and zroumd
sahsidence As = result, undsrsround munins mduoces tensile cracks
on the middle platforms of the high slope, almost the third-leisl
platform i fact, with slope rock mass istesnity destroved znd the
onemal rock stength  decrezzing.  After emcavstion.  alops
deformation i affectad by complex undergronmd mnmz and former
cpen-pit minmg, and latter mderzround mumns wall play =
contmuon: Impact on slope deformation development Although
minmg actrvitiss do not occur near the cresp area any more, slops
deformation wonld =o on changings.

P T

{e] Vertical displacement {m)

VWY 08

T
s

r s Liab 5 ol "conl scam
i 18 R0

{a] Plastic zones

Fizure 7 Deformation charscteristics zffer undersround mimng

3.1  Spadal disoribution of zlope dizplacement

In order to monttor the deformasben development of slope 93
displacemant monitorme points were arranged m the muddls and

lower parts of the northwest slope and the eazt dump, 85 monttorms
point: on the northwest zlope and anocther § moenstorne pomts
zransed m the =ast dump. and dizplacemant datz of zach
monitoring pomt was collected every 10 days. For the convemisnca
of spetial dizplacement mterpolation. the maximum cumulative
dizplacement of szch montorine point durmg the raimy zeason was
taken a5 the mutral data. while 11 other pomts at the bottom of the
pit were selected a3 the zerc pomtz wath displacement values
assumed o be zero. A total of 104 discrete daia were acquured in the
whole monitorns sguare area, -and then the dafzbase was bmlt and
imported inte ArcGIS soffware to build surface TDV ‘model The
displacements zra the overall diplicement of sach monmorine
pomnt I conld be considered 23 Eq. (1)

5=y Ar + A+ AT ()

where x vz are the monstored coordinate values b GPE tokal-
station.

Uszing the Erizing mterpolation methed (Enzing), which 1=
zuitable  for spatially mterpolating of related spshal datz, the
dizplacement wers imterpolated amd the spatizl distmbution of
dizplacement in the momttorng atez was chizimed bated on the
zpatial analysis module of GIS: The displacement attribarte valuss of
zrids were rooghly clazmified mto differemt claszas from small to
larze. and the irterpolation reault were displaved in AveScene. as
shown m Fizure B, while the srid =ize was Im=Ime

It can be szen from Fizure 8 that the classification valuz of the
upper part of the slops and the cresp area are larser and with- the
mcrease of slope and elevation, the displacement will mcrease
correspondmshy.

Figure 8 Spahal dismbution of displacement reclazsification value

Stzhictics] senzitvvity analysic of different factors was done Ths
thickmesz of covered =01l waz analyzed from: & drilhing borsholaz m
craep area. rangmg from & to. 30 3m, as Table I shows, With the
increzsa of the altinde, tha thickuess of coverms soal basically
mcreased, and the correspondence betwesn highar -dizplacement
claszification value and the thicker covenng so0il layer 1= obvious
the cresp area. The totl exrthwork im the cresp arez is about
488475 after. interpolation of soil thickmes= and =rid caloulation
znd thicker covernns soil layer iz 2 rsky factor for slope deformation
and land:zlhide sccwrrence, szpecialby for potential slidine zone A

Table 2 Sedl thackness of six dnllins borsholes

No. 1 2 3 4 5 &

325 5 252 &5 0 57

Soil Thicknessfm

13 Displacement data analyziz

Dhsplacement trend of four displacement momfennz poimts with
time 15 shown in Figure 9. NO.L point and 0.2 point were located
on the second-level platform of the creep area; and MO 3 pomnt and
HO.4 point were located on the upper third-level platform of the
cresp area. Az can be seen the displacement development of the
zlope 1z substamhzlly stable at pressnt. but i the ramy ==azon, zlopa
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surface deformation fmereazed accordmely, and at the end of the
raimy zeazon displacement valoe would 2l
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Fizure ¥ Dusplacemsnt trend of 4 monttorins pomiz

Dhsplacemant response during ramy szeason mdicated that the
rammwvater penstiafing would  promots the development of slops
dizplacemant pericdically, and the ramy seazon was the most Intenze
penod of deformation development. Thoush the lower part of the
northwest zlope had been remforced by shotersting: which Jowered
tha mfluence of ramwater, and m other cazes. the slope is not stabls
undar the affect of combined factors. and an abnormazl ameomst of
ram#zll durmg rammy sezzon could be a2 great nzk to slope stabildy,
whan crasp deformahon would be fully developed. Thersfore wa
muet closaly monttor m the area and take neceszary reimforcemant
measures.

The east dump 1= merely mfluenced by undersround minens, and
1t 1= composed by amgle fill soel For comparsson, dizplacemsnt
trend of two displacemant moniforms points focated on the =ast fill
dumyp 12 shown m Fizore 10, MO pomt was located in the upper
part of saszt dump, and WO.6 pomt was located 1 the upper part of
eazst dump. Az can be ssen from Figure 10, the displacements
mersased continoousiy m the ramy seazon, about 30 mm per month,
carrespondims with the ramy zeazon in the resion After the ramy
sezson, the mentoring displacernant continuad to inerezse. but the
growth rate was obunously reduced. At the zame tme, the
deformaton responze of dump slope to the ramfall was obviously
raal-time compared with the open-pit zlope formed by open
excavabion
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Figure 10 Dizplacemsnt trend of 1 monttorme points

It = worth motns that the remblisrce of duplacemant = an
evidence of the farlure poszibility, showmg that the creep area =
Iinksd 2z 3 whole with overzl]l failure nsks. Under the mfluance of
rainy water or earthguakes. slope deformaton woold be obviously
devzloped, however, when the deformstion s not sefficient for 2
sudden landslide, there wall be 2 resilisnce or sprins-back of the
whole shdwme macs.

4. FATLURE MODE ANALYSIS
4.1 Slope stability anakvsiz

Accordins to the slops deformation characferistics and landahds
harard 1m creep zrea, zlope stability czleulabion and damseroons
shiding surface analy=:s were carried out based on hmrt eqgmibriom
method (Janbu, 1973). The stzhality of creep area was anzivzed
undar the following thres represantative condrhoms, as Table 3
shows.

(1) Blope stability anzhyeic under imzaturated condition

(2} Slops stabiity anzlyss under watar-zanwated condiion.

{3) Elope stabildty analysis under slope cntting condibion.

Tzble 3 Safety factor under 3 conditions

Condition unzaturated  Saturated Slope cutting
Fs 1010 0.841 2.808
Dangsrous area A A+B B

Combuned wnth the SLIDE zoftware, slope was divided mto 50
strip blocks, then the slope stability under the 3 conditions after was
simulated and analvzed usims the path search mathod, while the
water-zaturzted condihon was simphfisd by sethine satorahon Bines
on the slope surface. The mfluence of rainfzll water was prezented
by zettinz different szturation lines in SLIDE software, as the blue
Ime m Figare 11(b) shows, and the dramazs condriion was assumsd
t2 be mzaturated, without saturation lins during anzlyses

The rezultz show that the zafety factor under zaturafed water
condition 15 about 0,841 and the most danserous shdms surface 1=
located in the opper slops, passms throush the upper sod and zilty
Zoil mehiding potental shding zone A and potential shiding zone B.
While the zlope stability coefficient undar the umszhirated condition
is 1.010. and the slope = basically in limat eqmbibrivm stafe, and the
most dangerous sliding surface 1= shll located 1 the upper slops,
only part of potential shdms zome A, wherezs shdms zone 1=
obiiously reduced compared do safurated comdiiom and slhidme
surface 1= also decreased. Fizure 11 zhows danserous zomes undar
unsaturated condition the sreen line reprézents the most danssrons
shiding surface. while the vellow lines show shdms surfaess vath F=
lezz than 1 30. Under water-saturated conditon, the mest dangerous
shiding sorface are reprasented by the red line. with a temdency of
potential sliding zone A and B connectad together.

Under the water-satwrated condition, the danserous zlidns
zurface mereases obvionsly, and the potemtizl shdms zome 4 and
potennzl shding zone B are connected, namelyv that the Fz of whole
failure iz lesz than 1, and lecal slip may davelop mnto overzll failure
s tha role of heany rammfall,

Undar the assomed slope cultmg condition, the F: of shdme
surfaces mmereases obvously and the most danzerous shiding sorface
= transferred to zone B. The F= i3 about 2,808, and the stabiliy of
beth loczl zones and overzll arez are cbuovs anhanced .

For important projects m China, Froshould be more than 130
and bv reasomable zlope cothng of potemhal slidinz zome A the
stabality of both potenhal shidine zonz A and whole creep arez conld
be mprovad.

(=]
3]



Geotechnicm Enginesrig Jourmal of the SE4GE & AGISES Vol 22 Mo, 3 September 2018 T35M 0046-3828

— [ -
Silll.'lﬂi F Py = e

Bk long
o
LT PR

Wil korre 1
Mluditens
A babal ey

{z) Potential shiding zones

(b} Water-saturated condition

g "-".‘ru't';‘ =, el _' y -.;_'r'_‘_

oy 'ﬁ“;- L T‘;‘E'
-r:=
Erme < 5

Hh e
-——q

* HW
'\-iuhlu'-

_

(o) After slope-cutting of potential shdme zone &

Figure 11  Shdine surfaces under different conditions

4.2  Failure mode for creep area

After opan-pH excavation, the szlope bodvy has a tendency of
deformation towards zirside, while the subsequent umdersround
minme canzed: mamby vertieal suksidence deformafion towards
undarzround mmmng sobs. Under the combined action of the two
deformaton trends, thers are two pozsible faslure modes.

{1} local ship

The coverms scil of the creep area = affectad by the histomeal
landshde and lonz-term weatherme, znd local shp can be seen 2z 2
dynamic adjustmant process of the whaole slope svstem while the
razion mot reinforced is basicallv m the it sguilibriom state. In
the creep arez, creep ship often first prodoces =mall local zhp
surfaces in different parts of the slope, which 1= closaly related with
slope gradients and ol thickns:s 1 different parts of the creep arez.
There are potential shidins zone A and potentizl shidins zone B mm
the et eguhbnom state when the mfluencs of rmimwater

pehstrating is neglacted. At present, the two dangerous zones are not
connected under the drammage condition.

At the zams time, under the combined effect of open-pit minine
and ondersround mining, a larss number of tensilz cracke formed in
the third-fevel platforme, and the ramfall 1= cowverted mto
grommdwater, and zozking and penotratinz effict of rainwater
continuousby weaken the physical and machanical propartiez of rock
and soil, mersazmz shidmg force at the zame time. The daformation
and temsile cracks of slope body wall be Hurther sxpanded m the
future, and the local slip msk will further aggravate under the
candiion of penodic heavy ramfall or cccasional sarthguaks.

Deformation of the slope body or even local shp iz allowsd, znd
differant arsaz hzve different requirements on the comtrol of slops
deformztion and ressomahle zelection of deformation comtrol
maztures s maceszary. Accordme to the results of stabslity analvsas,
1t 13 naceszary to camry out slope cuttng of potential shamg area A
1o prevent local shp, while decreasing the shding force of potential
zhiding area B and mcreasing the overall stabilitv of the zlope at the
zame time In additon, an affectrve slope surface dramaze system
chonld be established to prevent the mfilration of raimwater from
detertorating the internal environment of the slope, combmed with
anchor znd shoteratins protection of vulnerable parts, with cracks
and gully fillms compact backfilled Feasonable dramage system
and measures to prevent ramwater are the basiz of the
comprehensive prevention and frestment of local shp, and other
mezsures such 3: cufting slopes, prestressed anchor cables or
strensthewing pilas should be takan

(2} Orerall falure

Creep deformation tends to ocour sertes of smzll local ship surfaces
first, and then partial shp surface gradually Inked mio 2 confmons
slidine surface, resultine in = slow slide. Under cartain conditions, &t
mazyv produce 2 wholesale shide along the shdme surface.

The mternzl shidng surface of the creep area haz been connectad
with the bottom after historical landshdes and the cresp arez 15 m
ancther lzndslids cvele based om the old shp surface and the
evelvmg creep deformation may cause the occurrsnce of landshde
agamn under the achon of external factors.

The two knd: of cpposite honzontzal deformation tendencies
mduce tensils eracks on tha third-level platform of the slepe, which
became penatrating chanmal of rzinwztar, and an abnormal zmount
of ramnfall dunng ramy ssazon can be a grear nsk for slope stability.
In the creep area, thers iz a red clay layer in the averlvine =01l and
the permsability of the clay = low, while the relatrvely sentle
inclination of the bedrock lavers creates the catchment swrface and
along with the shear stress concentraton in slope foot the whole
lamdshde of the creep area 1= prons fo happen.

Tensils cracks in the third-level platform of the slope camsed by
undersroumd mmimg, historical landshdes and raimozter imfiliration
constitute the three elements of the overzll slope falure, and
determinz tha formation of the ever-empandmg slip surfzce and
landslide cyele, and the: shear sivess concentrabion in slope foof
zlong the honizontzl bedrock laver create the condibion for cresp-
tenzion-shearme meode of 2 landshde. With the soakms and
penetratme affect of rawmwater contimnouzly weakeming the phyzical
znd mecharmeal properties of rock znd zoil the amti-shiding force of
the potertial wedge-chaped shidms body iz reduced and the =lidine
force 13 merszsed conmsiderins water wedse effect under ceraim
ramfzll conditions. The potential wedge wounld exert an increazing
downward thrust on the fromt body and kesp developing. The
expandme sbding surface amd the decreasing zol and reck
properties decrease the ambi-shiding force of the slops, and the
overall fallura 1= Iikely to happen azam under the mfluencs of the
increzsing rainfall or the contmueas deformation development. The
overall farlure mods of the creep area = shown i Figure 12, while
the displacement angle represemis the range influenced by
undersropnd minins.
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Figwre 12 (Cheerall farlure mode of creep area

. CONCLUSION

Bazad on the deformaton development procesz and posaible fGihrs
modes of the creep area located at z hich open-pet slops. the
following comehiztons ars obtainad.
1} Tenmsila cracks ocourrad on the third-level platform of tha slope
upper tha cresp area under the mflusnce of undergroumd
mummg. Slope deformaton had a periodic chanze with the
szasons. and the Tamy sezson was the most mtenze period of
deformation devalopmant. when the tenzile cracks on the top of
the clope became penetrating chanmel of ramwater, and an
zbnormal amount of rmmfall during ramy s23:0n can ba a sraat
ik for slope stabilitr.

The total earthwork m the creep arez is zbout 483473m5, and

thicker covermg soul laver 5= 2 nsky factor for slope

deformation ard landslide occurrence. The Tz under the
umsaturated condition 12 1010 and thers are two pofential
shdmg ‘zomez A and B for the cresp area while the most
dangeron: sliding surface 13 potentizl shidmz zomes A4 and the
slope 1= bazically m limst eqmbbrum stzte Fz mder saturated
water condittens 1= about (.84]1 with most danserous shding
surface commectme potental shdins zoms A and potental
sliding zone B, and local ship may develop o overall fasdhme

m the role of heavy ramfal] .

3} Under the combimed achion of the two deformation trends. thaye
are fwe possible failure modes for the treep area. Tensile
cracks m the thod-leve! platform of the slope cawsed by
undersround muung  hestorical landslides and  raimwater
infiliration comstitite the three elements of the oiverall zlops
failure. and determine the formation of the ever-expanding shp
surface znd landslide cviele. The deformation and tensile cracks
of slope body wall be further expanded m the foture, a2nd the
local =lip risk woold further zzgravate under the condiion of
pertodic heary rainfall or occasiomal eartbquakes. Effsctrve
dramaze =zysiem and mezsures to prevent raimwetsr are the
baziz of the comprshensire prevenbion and trezfment of
lapdzhides. while reasomable:clope cuttmz of potential shding
zoma A 1= essential for the prevention of both local slip and
everall failure.

Deformation montonng of the crespimg area should be
strenethensd in the followmne landslides prevention practice, whils
local slip and overall fathme should be umfied when takins control

maasuras.
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