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March 11-15, 1991, St. Louis, Missouri, Paper No. 7.31

Proceedings: Second International Conference on Recent Advances in Geotechnical Earthquake Engineering and Soil Dynamics,

rhe Study of Xintan Landslide’s Sterescopic Monitoring in the

changjiang River Three Gorges

-hu Ruigeng
nstitute of Rock-Soil and Environmental Engineering, Wuhan
Iniversity of Technology, Wuhan, China

Kia Yuanyou
nstitute of Rock-Soil and Environment Engineering, Wuhan
Jniversity of Technology, Wuhan, China

bstract:
vas builded in Xintan slope after failed.

Lu Wenxing

nstitute of Rock-Soil and Environment Engineering, Wuhan

University of Technology, Wuhan, China

Jecided through monitoring of surface by the system.
slope gliding regulartion so that a new prediction method may be worked out in the future.

INTRODUCTION

In the time from 3:45 to 4:20 Am. 12th.June, 1985
he slope from the north of Xintan villesge to
Jjuangjia cliff failed wholly within the Zigui
County of Hubei, China. The slipping volume is
totally accounted for about 3.0x10°M® which de-—
stroyed Xintan village completely. About 3.0x
10®°M= slipped soil-rock of the total.,rushed into
the ChangJiang River,causing a swell wave of SOM
sigher, which has a influence range in the River
from upper, Zigui. (15KM away from the accident)
to lower, Sandouping(27KM). Fortunately.no resi-
Jent was killed since accurately predicted by
the researchers based on the information accumu-
lated by a twenty year’s research work and a-
chievements. Therefore, 1,300 inhabitants were
able to leave the dangerous zone all before the
event happened. This is really a miaracle in the

world landslide’s history.
Xintan slope is an accumulation slide. The ma-
terials are mainly from Guangiia cliff, Jiupan

mountain and Huang cliff.Xintan slope’s monitor-
ing is necessary after the incident since Guang-
jia cliff and Jiupan mountain have still several
million cubic meters dangerous rock masses and
slip-fall is possible. It is belived from the
point of view of ours that Xintan slope previous
measurement was mainly done on the earth’s sur-
face and as a result, it is hard to refect com-
prehensively what happens in the real situation,
espcially, to look for slip surface, confirm the
type of slide and study slide movement cause.For
this reason, a new stereoscopic monitoring sys-
tem was builded up in Xintan in July, 1989, The
system and some initial analysis conclusions
from monitoring datas will be main interest of
this paper.

1.THE GEOGRAPHICAL POSITION AND GEOLOGICAL
CONDITIONS OF XINTAN SLOPE

Xintan slope , in the north of old Xintan vil-
lage, at upper section of Xiling Gorge, by the
mouth of Bingshu Baojian Gorge, on the opposite
to the dangerous rock masses of Lianzi cliff at
the Changjiang River’s south coast, T2KM dis—
tance to Yichang city at lower, 28KM to Sandou-
ping where will be builded Sanxia big dom, is a
famous dangerous zone of rock fall-slip(Fig.1).

Xintan slope s made of soil and rock mixture.
has several ten meters thick, about 2,000 meters
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This paper emphatically introduces a new landslide’s stereoscopic monitoring systemm that
The movement in

the underground different level can be
The system can provide a basis to master the

Fig.1 Sketch about movement areas of Xintan
slope and Lianzi cliff

long, several hundred meters wide, the width
and thickness change from place to place.The ma-
terial forming the slope is mainly from Guanglia
cliff and Jiupan mountain which was collapsed
vear by year. And this is caused by concentrated

cracks. weathering =action, mining cosl under-
around and other human activities. The whole
slope is like a wedge in the shape, with a nar-—

row top (300M) and 8 wide bottom (500~1,000M).
dipping to the Changjisng River. The slope’s
gradient changes differently,which forms a shave
like a ladder. The steep slope is 40 degress
with the general ranged 20~25 degress. The com—-
position of the slope is mainly limestone, sili-
castone, sandstone and clay (Fig.2).

The westen boundary of Xintan slope is Huang
cliff which is a shear precipice and overhang-
ing rocks, with highth about 100 meters, which
is made maminly of mainly of limestone and sand-
stone. The easten upper section boundsry is a
longitudinal steps of old fall accumulation and
lower is a long narrow mound area which was pro-
duced by the si de-extruding of slope’s glidins.

The sector from Guanglia cliff to Jiangjia—-po,
ebout one half of whole slide’s longth, uni-
versal thought, is a leading slip zone of last
sliprping, 8and the landslide is cut off at 470M
lavel. The slope from 470M level to the ChangJi-—
ang River’s north coast is a forced slip zone.
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1-the Carboniferous Permain Peried ]imestone and coml measures(C+P)
2-the Devonian and Carboniferous Peried shale and sandstone (D+C)
3-the Shurlan Peried sandstone and shale(S)

4-the Quaternary Peried old fall-slip accumulation(Q)
S-boundary of bedrock

B-the earth’s surface line of slope before failed

7-the earth’s surface line of slope after failed

Fig.2 Geological longitudinal section of Xintan
slope

The last slipping may be a total slope’s gliding
according to remaining marks of the earth’s
surface.

The shaft, at 500M level,shows that the thick-
ness of the rock masses is 25.5 meters and there
are five layers in the formation along the shaft
depth. The rock masses are mainly light grey and
grey-black limestone blocks. The marks of layer
and layer, besides, obvious different composi-
tion, is that there is a thin yellow sub~clay or
sandy soil layer.The condition parameter of every
layer’s interface is those as table 1. The slide

Table 1. Condition parameters of accumulation

layer
depth of |condition! thickness of ‘!
layer’s jof inter—| clay and sandy! remarks
interface|face { soil in inter-)
(meter) | (desree) | face 4
H { (centimeter) |
15.1 | 280<45 |sub-clay 10~15 ! /many
/slicken-
16.2 | 27045 | sandy soil | /sides
1 H 10~15 { /that point
/out the slip
25.5 | 260<26 [23.7~24.7M.clay!surface in
H iaccumulation, !violet-red
: 124.7~25.5M , iclay layer
H iviolet-red clay|, the slip
H i layer idirection
H : 1 is NE30
H : i degress
30.3 | 275<25 inot weathered |
: ibedrock under !
H t128M in the :
H ishaft !

ecoumulatien has a good permeability. There is
only a little of water oozing on the clay layer
at bottom of accumulation. There are many slick-
aensides that point out slip driectionp , NE30 de-
gress, in 80 centimeters thick clay isyer on the

bedrock.

The slope’s bedrock is made of Shurian Perio
sandstone and shale. The whole slope has a tend
ency of density increasing.pereability and aper
ture reducing progressively from the surface t
the underground and from Guanglia cliff to th
Changljiang River.

2. XINTAN LANDSLIDE’S STEREOSCOPIC MONITORING
SYSTEM

The keys of stereoscopic monitoring system ar
to build a grid of surface and underground move
ment measurement in Xintan slope, try to make
comprehensive analysing and treating system o
combining the geometric chenges observed on th
earth’s surface with the physical changes in th
undersround, and causing the system can be user
to analyse comprehensively the slide in man
ways.

1) Method of surface survey

According to the condition of Xintan slope,
compl icated landform. with the highth more thar
1,000 meters from the top to the bottom,workine
condition hard and dangerous, the surface survey
employs multiple triangle locks of electromagent
wave-range finding as main method and close shot
photogrammetry as complementary measure. The in-
formation is obtained by using new instrument-
(fast =urveying instruments of ELTA-2 type made
by Wesi Germany and TC-2000 type by Switzerlanc
: photographic instruments such as NMK 30/131¢§
and 20/1318 both made by East Germary). The re-
sulted datum is treated by using guide of modern
even deviation theory. The slope surface various
regulartion is analysed by a appropriate and new
mathematical model which is obtained by studing
the site condition in many ways.

The whole slide surface is builded the tri-
angle locks of electrommegnet wave-rsnge finding
with seventeen surveying points(Fig.3). The grid
for close shot photogrammetry has two section
one is made of twenty points of photogropty sur
vey at upper, the area of Guangjia cliff danger
ous rock, the other is made of sixty points a
lower, the area under S00M level.

2) Method of underground monitoring

The undersround monitoring is done throusgh ex-—
cavating shafts on the slope and installing in-
struments in shafts.So departing characyeristics
of whole slide must be considered to select the
shaft sites, at the same time, there should be
representertive. Through analysing geological
materials and invertigating on the slope, the
underground monitoring points are installed on
S00M and 165M level. For 470M level is the cutt-
ing mouth of the principal slide sector of last
slipping, S00M level is the intersection site of
the leading slip area and resistencing slip area
. the site of 165M level is the slip tongue of
total slide, both are stress concentrated area
and very sensitive to slipping, installed moni-
toring points on these sites can take a good ef-
fect. Above all, the underground monitoring is
undertaken through installing instruments in two
shafts, one is a 30.3 meters depth on 500M level
and another is a 50 meters depth on 165M level.
This paper will stressly instroduce the monitor—
ing situation of the shaft on 500M level. Six
contingents of WY type displacement transducer,
four contingents of bowstring type many dots dis—
placement gauge and six contingents of WL-80 type
prizometer are installed in the shaft on S00M
level.The surface and underground is binded by a
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ing hammer, installed at the top of the shaft.
:::alling of instruments in the shaft on 165M
evel seems to that on S500M level. In installing
snitoring instruments. the stereoscopic effect
s stressly considered,at the same time, follow-
ng factors are considered:

(1) According to the engineering geological in-
estigation of the shaft on S00M level, the slip
wurface of last failed at 25.5 meters depth site.
t will also be possible to glide along near the
lip surface. For every clay or sandy soil laver
bove 25.5 meters along the shaft on 500M level
s thin, the lefts are the sccumulation of rock
.locks, a slip surface is difficult to be formed
n this layer.So it is needed to install monitor-
ng points at 25.5 meters of the shaft depth up

wn .

Jmz?..‘)joFrou the condition parameters of all ac-
.umulated layers (table 1). known that the laver
wrface condition on 20.7 meters site is the
ame as that on 25.5 meters site, the lefts are
_he same as that of bedrock. So the focal point
.f monitoring site is below 20.7 meters depth of
= ft.

Vh?3?hsor grasping the regular of shaft’s dis-
~lacement transfering, there are at least three
zroups instruments of horizontal displacement
survey installed in the shaft. At the same time,
~onsidering to gauge slip direction, every group
instruments of horizontal displacement survey
can’t be less than two contingents, and all is
installed in NE30 degress direction. he

(4) In order to survey the motive force of t
eslip surface up and down and the principal stress
direction, prizometers shoud be installed near
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the possiblest slip surface, every group prizo-
meters can’t be less than three contingents.

Finally, installing of instruments is those as
figure 4 and table 2.

== Disptazeneat transducer

Masy dots displaceneler

Pieznaster

A Rigid tower

Fig.4 Sketch of instruments installed in the
shaft

Table 2. The sites and direction of underground
monitoring instruments installed

name of |number; depth |direc~ I|monitoring
instru- | i (meter) [tion icontent
ment H : ! (degree) |
WY type s 1 E 17 5 NE53 Ehorizontal dis—-
displace-g 2 g‘—77_—_g__ﬁﬁis—_gplacement
ment {73 {720 | NE5 jend slip di-
trans- é 4 § 20 % NW25 érection
ducer | 5 | 25 § NEG5 §
T 6 | % {TNE3S |
W60 | 1 | 23.6 | NE35 |horizontal
typo pri-i 2 | 23.6 | NEB® |motive force
Zzometer ; 3 g 23.6 § ES35 gand principal
T4 |27 | rE3i istress direc-
{75 |27 | NE76 ition
{76 izt | ES®1 |
many dots{ 1 | 18 | NE44 |subsiding
displace—% 2 § 21 é NE44 édisplacement
meter | 3 | 26 {TNEad |
‘"4 {730 | NE4d |

3 MONITORING DATUM ANALYSING OF XINTAN SLOPE’S
STEREOSCOPIC MONITORING SYSTEM

The surface survey of Xintan slope’s stereos-—
copic monitoring system started in 1987, the
underground monftoring started in 1989.



1) Analysis of the surface surveying datum

The works of the surface survey. besides using
conventional measuring means,monitoring the sur-
face movement and analysing the stability of the
slope, the strain analysis of the slide with the
surface measuring datum is done.By analysing the
surface measuring datum about three years, it
is found tthat the slip zone of the Guangjia
cliff has massive slide In patient. There are
slow and obvious slip areas under the fractures
of Guangljia cliff. The whole slipping tendency
is SSE direction. And the average slipping speed
of the obvious slip area is ‘1 centimetre -a month
. The average displacement variation in Gaojia-
ling and along the River =zones under S00M level
is about 8 centimeters a year.The strain analysis
is done using the datas of surface survey.at the
same time, the seventeen triangles’s strain para-
menter is examined,and the remn ble takes 76.5%
. According to the analysis of the strain, the
principal strain variation of the triangles,lying

in the coasts of the Changjiang River, is relative-

ly small, the triangleg area become small, it says
that movement of this area is small.Regarding 8-
2-1 points at Jiangjia-po as boundary (Fig.3), to

the north part slip masses.
pressed strain is greater than the princips
stretched strain, the strain situation is NWf
degress compressed rightspin shear. to sou
part slip masses, the principal stretched stra
is greater than the principal compressed strair
the strain situation is NE45 degress stretche
leftspin shear. All these monitoring results ar
consistant with that of the underground monitor
ing which will be intruduced in following.

the nrincipal cos

2) Analysis of the underground monitoring datum

The underground monitoring, comparing to the
bedrock, is measuring the variation of horizon-
tal, subsiding displacement and stress in the
different depth of shaft.The typical curves ob-
tained through measring are those as Fig.5(a) (b
(c) (d). From these curves, we known that:

(1) From the view of the monitoring datum bet
ween September, 1989 and April, 1990, the sub
siding displacement of the mouth of the shaft r
lative to different depths increases as tempera-
ture dropping.but it variation is small, and it
fluctuating range is from -0.7mm to 2.5mm. Fro
the view of its varying trend., the upper accuma

~ No. t =T Na.2
B 34 .
T_-_ i
=4 ¥
a 2 i\ -
é l "\ - .,.__..-.L_ e s
a 14 A X /____4,
& f‘ \ v f> ‘\ ,
] ! by / e A 4 )
"ng 9 \\’_;‘ 10 , hY 11 12 98,1 2 3 R t¢{month)
Fig.5(a} Typical curve of Xintan slope’s subsiding movement
slresslkg/vm™
T¢ C) T
Stress
204 2 /////
1041 ///7
P
0o A . . . o — = . :
89.9 16 11 12 90.1 2 k] 4 t(month;

-104-1

Fig.5(b) Typical curve of Xintan slope’s stress and temperature

Displacezent(aa)

t¢month)

(c)
Fig.5(c) (d) Typical
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ation masse=s are cormpacted further. The total
absiding displacewment of the mouth of the shaft
2lative to 18M, 21M, 26M and 30M depth in the
1aft is separately: 0.8068mm, 0.869mm, 0.285mm
id -0.515mm, and it illustrates that the move-
2nt of the slope is much small.

(2) From the view of the monitoring result of
~izometers about nine months, the variation of
7e motive force on the pit of shaft is much
mall. By caculating the monitoring datum, the
ccumulation up the old slip surface, the prin-
ipal stress variation is 0.613 kg/cm®, its
rientation is NEIO degress, down the slip sur-
ace, the principal stress variation is only
.057kg/cm=, and orientation is NEG66.7 desress.
t is know from these, the slide masses up
he old slip surface in 25.5 meters depth of the
shaft is still given a centain extent of motive
orce.The principal stress direction is analysed
hrough using the monitoring datum, it is found
ts variation is ordinarily within NE10~34 de-
ress, and this is consistent with the rubbing
wmrks found on the old slip surface and the moni-
oring results on the surface. From the view of
‘he monitoring typical stress curve, there is no
reat movement in the slope at present.

(3) The displacement transducers are the major
ronitoring instruments of this system.Shown from
"igure 5(c) (d), the horizontal displacement is
ncressing step by step. Caculating by the moni-
:oring datum, the accumulation’s horizontal dis-
>lacement and the principal slip direction are

separatedly: 5.12mm, NE19.6 degress: 5.06mm,
{W29.4 degress: 6.22mm, NE20.4 desress, in which
‘s 17M, 20M, 25M depth of the shaft. All these

~esults sre comparatively consistent with the
~esults of the surface measuring and the rubbing
marks with direction of NE30 degress in the
shaft. From the view of the monitoring results,
the displacement variation is not great, but it

is worth to be noticed that the displacement

various rate has a trend of increasing.

3 THE SHAFT DISPLACEMENT TRANSFERING FUNCTION

The aim of creating displacement transfering
function is in order to understand deeply the re—
gular of development of displacement in different
depth underground,make the monitoring of surface
and underground can be snalysed and treated in
the same coordinate system. It had never been
done previously, moreover, it can provide a basis
for creating a new prediction method.

The displacement transfering function needs re-
flect the various relationship of the displace-
ment along with the depth of the shaft. Thus,the
function may be created as Ulu,h,t], obviously,
varisble u, upper displacement. should also be
the function of time(t). Certainly, U or u is
also influenced by these factors, such as geo—
logical condition of the slope,earthquake,under—
eround water, surfece water etc. However,for the
same landslide, obviously,if the influence of the
fortuitous factors, like earthquake etc., are neg-—
lected, the variable u will be completely resarded
as the function of time(t) and rainfall (Q), that
is u(t,0). So the general displacement transfer-
ing function can be expressed as Ulu(t,Q,h,t]

If the influence of irregular rainwater is not
considered, the transfering function can also be
written as Ufu(t),h,tl.

The stereoscopic monitoring datum are arranged
and analysed sccording to the function type of '
Ufu(t),h,t].The value of ratio of the horizontal
displacement =along with the depth of the shaft

has excellent regularity. So the various re—
lationship of displacement transfering function
Ulut),h,t] along with time(t) can be complete-

ly refected through the implicit function of
upper displacement: u(t). And the transfering
function can be written as
Ulu(t) . h,. tl=lut) ,h]

=u(t)-K(h) )

where u(t) is the function of upper displacement
variation along with time,K(h) is the rearession
curve of the value of ratio of every horizontal
displacement under the shaft to upper.

After the variation of upper displacement is
transfered into the displacement of the principal
direction, NE30 desgress,the monitoring curve and
imitation curve are shown in Fig.6,the imitation
function is

u(t)=0.477e®-°==*= @)

With the points distribution diagram of the

Displacemeat{aa)

t(uarth)

Fig.6 Measurement and imitation curve of Xintan
slove’s horicontal movement

value of ratio of monitoring, K(h) can be re-
gressed as
K (h) =0.013h=-0.545h+6. 402 )

then the displacement transfering function is

Ulu (t) ,h]=0.477e°- 22+ (0. 013h>-0.545h+6.402) ;
“

Finally, the gliding regulars of the landslide
in the period of time has been known. Here, one
point must be illustrated. due to the monitoring
datum underground not being enough plentiful, the
digplacement transfering function will need to
be perfected further as monitoring times passing
and the datum accumulated, and make to be popu-
larized and forecast landslide joining the na-
tural relations of rock-soil of slip layer.

CONCLUSIONS

(1) At present, Xintan landslide is stable
according to the monitoring results, the movement
of the accumulation masses is not great, but it
has accelerating trend.

(2) The slope trends to glide along the last
old slip surface and the principal slip dirrction
. about. NE30 desgress.

(3) With the creation of displacement trans-—
fering function,it is possible to make the moni-
toring of surface and undersround research in
the same cgordinate system and provide a basis to
work out a new slide prediction method

1097



REFERENCES

Zhu Ruigeng and Lu Wenxing (1989)., "The Study on
Three Gorges Xintan Landslide’s Characteristics
» Omens and Swell Wave", Proc.Japan-China Sym-
posium on Landslides and Debris Flows,Niigata,
Tokyo, Japan.
]

Zhu Ruigeng and Lu Yihai (1987), "The Landslide
Calamity will be happened again in Xintan Ruins
of the Changjiang River Three Gorges”, Journal
of Water-Soil keeping. No.l.

Mathematics teaching and rearch section of Tong-

Ji University (1978), Hirher mathematics.Press
of Tongji University.

1098



	The Study of Xintan Landslide's Sterescopic Monitoring in the Changjiang River Three Gorges
	Recommended Citation

	tmp.1453411344.pdf.OPZ5u

