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ANALYSIS ON THE MEASURING RESULT OF DEFORMATION
OF XIAKOU LANDSLIDE *

Zhao Huilin'
ABSTRACT

Swiss-Chinese experts have engaged in a project on measuring and studying of
the displacement deformation of Xiakou landslide in Sichuan province of China since
1996. 9 points measured by GPS and 20 ones by T2/Di1001 were set up along the sliding
axis direction of the landslide and formed a monitoring net. These points were measured
once a month and 18 groups of measuring results are obtained. The data show that the
displacement deformation has different distribution in space and time. Deformation
mainly occurs between April and September in a year and in the place under the
irrigation canal across the landslide, especially, in front of the landslide. Both rainfall and
leakage of irrigation canal are two of main reasons causing the deformation, particularly,
the influence of the leakage on displacement deformation should be noted. We can know
from the analysis that GPS is useful for studying and monitoring the deformation of
landslide.

INTRUDUCTION

Xiakou landslide with area about 0.5 kme is located in the middle part of the
Long Xi river basin where is in deep hilly region and low mountain land in the west of
Sichuan province of China. It is thought to be an old landslide which geological age has
been unknown yet. Its terrain slopes steeply in higher position but gently in the lower one
due to sliding and collapse of mountain slope, its grade of slope is between 15° and 30°.
the LongXi river, whose left bank is Xiakou landslide and the right one is a rock cliff,
flows across the forward position of the landslide . A road passes through the head of
the landslide along The LongXi river (Graph.1).

It is reported by geologist( Liu Hengyi 1988) that Xiakou landslide is situated
in the west-north limb of Xiakou anticline and closes to its axis. Nearby the axis there is
a tensile-twist fault taking a turn near to Xiakou landslide. Thus, its structure crack
develops and rock stratum breaks and groundwater is rich due to the influence of fault-
fold structure. These are of benefit to the developing of the landslide. In Xiaokou area
rainfall is plentiful. Rain season is from June to September and rainfall mainly occurs in
July and August (see Graph.3). Rainfall can amount to about 1500mm a year and the
biggest day rainfall is over 150mm.

'Chengdu Institute of Mountain Hazards and Environment, Chinese Academy of
Sciences, Chengdu, Sichuan 610041, China. ( Phone:0086-028-5211295; Fax:0086-028-
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+ The monitoring work is supported by a research foundation of Chinese Academy of
Sciences ( No. KZ952-8-205), as well.
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There is an irrigation canal with a discharge of about 0.5 m*/s flowing through
the forward position of the second -order platform of the old landslide. Owing to sliding
of the mountain body, subsidence and moving of the canal happen so frequently that the
leakage of the canal is very serious. In every year the local government has to organize
the local people to maintain and reinforce the canal, but the leakage problem still not to
be solved which is a serious threat to the stability of the landslide.

In August 1981 a part of the old landslide revived under the action of heavy
rain, so serious flood disaster happened (Lui Hengyil988). At this time farmer’s houses
on the platforms were damaged and they had to move away; the irrigation canal
destroyed was about 500 meters long ; the power station by the side of the LongXi river
was destroyed in 2 moment ; the front part of Xiakou landslide was pushed into the
LongXi river and the road transportation was stopped 3 months. Since then, the local
government has constantly taken some
emergency measures, but the problem of the

landslide has not been solved thoroughly. In

every rain season it always does harm to the - \C/—A\‘\_
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The Swiss-Chinese experts together Graph.1 Xiaokou landslide

participated in measuring and studying on

displacement deformation. 9 monitoring points measured by GPS and 20 ones by T2/ Di
1001 (Theodolite/Ranger) were set up on the landslide. They were surveyed in the field
once a month and 18 groups of data on displacement deformation measured from May
1996 to April 1998 are obtained (Zhao Huilin, Li Ainong 1998) The results show that
the deformation of the landslide has different distribution in space and time; rainfall and
leakage of the canal are two of main reasons causing the displacement deformation of the
landslide. The paper will give out preliminary analysis. The results also indicate that GPS
is very useful for monitoring landslide.

DEFORMATION MEASURING
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The GPS and T2/Dil001 used in the deformation measuring is supported by
Swiss government. It includes two sets of WILD 300, a SKI software, a set of
T2/Dil1001 and some accessories.

In order to study the deformation comprehensively in defferent position on the
landslide, 9 points measured by GPS were set up along the axis direction of the revived
landslide. 9 points with two reference station points N3 and N4 together make up 9
triangles. For sake of increasing monitoring points and the need of drilling, other 20
points measured by T2/Dil001 also set up on the landslide . All these points formed a
deformation measuring net. Measuring marks were set up on stable rocks. The static
relative positioning mode was used in the project for getting a good survey accuracy, In
a survey motion each point should be measured once from each of two reference points
N3 and N4 separately, then two independent observation results of a point were obtained
for adjustment. After adjustment treatment by SKI software the latest coordinates of
each point could be calculated out . Then we could compare the change of the
displacement vector of a point with time or other factors and get some information about
the landslide deformation. The points were measured once a month ( but not every
month), so 18 groups of observation results(Mo,M1,.... M17) were obtained which
provided 17 groups of displacement values constituted by the corresponding coordinate
difference. In every motion T2/ Dil00l points were measured together with GPS points
at the same time, and their coordinates were calculated by the corresponding GPS points.
From the beginning with the motion M5 in December 1996 GPS point N0.80 T2/
Di1oo1 points N0.23, 24,25 were added into the measuring net for strengthening to
monitor the front of the landslide . In March 1997 these points had their observation
results.

PRELIMINARY ANALYSIS

After adjusting treatment of observation results we can generally get
coordinates X ,Y and height H of each point in a motion and coordinate differences dX,
dY, dZ between these coordinates and ones in the first motion Mo or other. In the survey
the plane coordinate system is independent, but the height one is connected with the
third-order National level net. These coordinates and coordinate differences are the
foundation of studying the displacement deformation.

The results show that the azimuthes of the displacement vector for most of
points were normally between 250° and 350° (gon), the direction of these displacement
vectors were towards the west ,or west by north , or west by south , that is, these
points slided down mainly along the ground slope. In other words, the main sliding
direction of most of points was in the direction of minus Y axis. Consequently, for easy
to analyze we will discuss the results according to the change of the coordinate
component dY with time ( Graph.2).

dY is a coordinate component which is a project of a displacement vector on
the coordinate axis Y; it expresses the coordinate difference between the coordinate Yi
obtained in the motion Mi and Yo in the motion Mo for a point ,that is, dYi = Yi - Yo
(i=1,2,..17). In Graph 2 time axis is a equal interval, but the real measuring time
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interval is not exact equal The interval of most of motions are about 30 days , others
are longer or shorter. From September to November of 1996, from January to February
of 1997 and in the January of 1998 no measurement was carried out, so they have wider
interval. In order to show all results in a graph, the Graph.2 has two different scales.
Point No. 90 and 91 had a dramatic slide in 1996, so their scale is 1: 5; the other points
are 1:2. A few of points used mainly for drilling are not shown in the graph. The
properties of displacement deformation of Xiakou landslide during from May 1996 to
April 1998 is as follows:

Distribution in space of displacement deformation

As shown in Graph.2, near all points within the revived landslide have a certain
displacement deformation, especially, the ones under the irrigation canal; but, the points
out of the revived landslide are different. As an example, point NO 61 located in the out
of the revived landslide has a displacement curve which sways around the time axis
indicating that the deviations of the point position is because of the measurement
accident error. Besides, No.50 lain on the old landslide but near to the border of the
revived landslide has displacement, but the sliding in Y-direction is only 37mm in two
years. Therefore, the old landslide except the revived part can be thought to be basically
stable.

In fact, the situation on the
revived landslide —was quite T w ma hhasi viw 206 ipew
different. The displacements of
points under the irrigation canal
were rather larger than that of
points above the canal For
instance, the displacement in Y-
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direction in two years of No.60 =100
above the canal was 68 mm, its
mean was about 30mm a year. -150
Some of points between the first -
order platform and the second - 303

order one under the canal, that is,
in the middle of the landslide,
such as GPS points No.30,41,51
and T2/Dil001 points No.52, 40,
45, 42etc. had much larger
displacement, their accumulative

displacements at the same time R eemearesee e
were all between about 100mm
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200mm only in 1997, a few of points, such as No.80,No.23 even reached over a half
meter a year. Obviously, the lower the position of a point, the larger was its
displacement, in general. This is because that sliding occurs in the front of the landslide
at first and made the landslide body to lose support so that the upper body also slides
along with its head . The property of displacement distribution in space indicates that the
revived landslide is a typical traction one but it has still been in creeping deformation.

Another obvious property was that the displacement from the north to the south
in the front position of the landslide was increasingly large. For instance, point No.71 in
the north had a displacement of 156mm in two years; the displacements of points
No.80,23,24,25 in the middle were separately 574 mm , 779mm and 227mm in a year;
dy of points No.90 and No. 91 in the south were 3508mm and 2799mm in1996. It will
be noted that this phenomenon has relation to the topography there. Xiakou landslide is
located in a gorge region and its forward position declines from the north to the south
and the slope in the south is very steep. The deformation in activity in the front of the
landslide usually makes the road in danger. This is a serious threat to the road
transportation.

Distribution in time of displacement deformation

As can be seen from
Graph.2, from April to

September whether in1996 or Monthly Rainfall mm
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defgrr!?atlon during  this ’@ Aprh

period; after September the g| e

curves gradually became - May e

more and more gentle, this g| Jun R——
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displacement values were ® Aug [Errm e

decreasing; from December j Sep:@

of a year to March of next Oct oo,

year there was a very small Noy

rate of curve on the Deolp.

displacement curves, then, it
can be thought that these
points only had a small
displacement , or, basically no
displacement  during  the
period , in other words , the landslide only had a small deformation, or, basically no any
one at that time. The property can be seen clearly on the integrated curves in 1997.

Graph.3 Monthly Rainfall in Xiaokou Area

When the results measured by GPS and T2/Diloo1were analyzed, our special
attention was centered on the influence of both rainfall and leakage of irrigation canal on
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the deformation of the landslide. Naturally, rainfall is one of main factors causing the
deformation, there was a marked slip in rain season for near all points, conversely, a
small one in dry season. It was heavy rain that made the landslide revived in August
1981. However, another important factor, the leakage of irrigation canal, should not to

be neglected.

Graph.3 is monthly rainfall distribution in Xiakou area’; Graph 4 is the monthly
displacement distribution in Y-direction in 1997 of a few of points located in the different
position of the landslide. Contrasting Graph.4 to Graph.3, the following is noteworthy.

First, Xiakou area Gra h4M0:ﬁ-thl Displ ;
had three months in 1997 " B Y.dirzcti:f'l: acementin

with a monthly rainfall of P
111 LAt

more than 200 mm, they
are June, July and August;
the peak value was 2727
mm in August; on the other
hand, only April, May and
June in the year had a
monthly displacement of
more than 150mm which
were considerably larger
than that of other months; Py I P
the largest displacement Mar May Jul Sep Nov Fab Apr
was in May, but the rainfall | 9§05/ ONo.41 BNo.80 B3|

in May 1997 was only near

to 100 mm. Obviously,

there was a different time for them' the former was from June to August ; and the latter
was from April to June, so do their peaks. What caused the difference? It will be noticed
that the leakage of irrigation canal has a large effect on the deformation of the landslide.
The period of having water in the canal was from 25th of March to 4th of June. Just in
the period near all points under the canal had a marked displacement.
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Secondly, both graphs also show that the leakage of the canal has a much larger
influence on the front position of the landslide than that on the rear one. For example in
Graph.4, the points No.23 and No.80 situated in the head of the landslide have a rather
larger displacement than No.41 and No.51 which were near to the canal but under it.
This phenomenon is not difficult to understand. This because that there was a steady
flow from the canal to the lower part of the landslide during the period of drawing off
water. Lots of water not only gathered in the low position to make soil saturated, but
also replenished eroundwater Thus, the structure of the landslide would be destroyed
and shear strength would decrease. These are benefit to the formation of the landslide
and the increase of deformation. Therefore, the leakage is a dangerous factor to the
steady of the landslide. It should be paid enough attention.

CONCLUTIONS
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The displacement deformation of Xiakou landslide has been measured for a few
years and lots of data are obtained. The analysis of the data shows that the Xiakou
revived landslide is a typical traction one. The deformation in its forward part
considerably larger than that in the rear part, and till now the deformation has been in
developing.

The deformation mainly occurs from April to September in a year and in other
months there is only a smaller deformation or basically no any. This is consistent with the
rainfall distribution of Xiakou area Rainfall is an important factor causing the
deformation.

However, the analysis of the data also shows that the leakage of irrigation canal
is another factor to have an important effect to the stability of the landslide, especially,
to the forward position of the landslide.

It has been noted that GPS is very useful for monitoring the deformation of a
landslide. The result measured by GPS combining with the information of geology,
hydrology and drilling will provide a reliable basis for monitoring and controlling of
landslide.
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* The hydrologic data is offered by Huang Long reservoir hydrographic station.
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