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PREFACE
The International Consortium on Landslides (ICL) is established in Kyoto, Japan on
January 21, 2002. It is a non-profit and non-governmental scientific research organization,
supported by the United Nations Educational, Scientific and Cultural Organization
(UNESCO),

World

Meteorological

Organization

(WMO),

Food

and

Agricultural

Organization of the United Nations (FAO), United Nations International Strategy for Disaster
Reduction (UNISDR), United Nations University (UNU), International Council for Science
(ICSU), International Union of Geological Sciences (IUGS) and the World Federation of
Engineering Organizations (WFEO).
Through the implementation of its International Program on landslides (IPL), the
central tasks of ICL is to promote global research of landslide disasters, for the benefit of the
development of the international community, environmental protection, and improvement of
education & Capacity-building.
In the ICL 10th Anniversary Conference (January 19, 2012 in Kyoto, Japan) , “Cold
Region Landslides Network” was established. Through exchanging and cooperation of the
scientists coming from different countries and regions, as well as different professional field
such as geography, geology, meteorology and so on, such problems as landslide mechanism,
landforms distinguish, early warning and forecasting, disaster assessment were studied, which
also could contribute to geological environment of the cold regions and safety of human life
and property.
Currently, twelve scientists from Canada, China, Italy, Japan, Russia and Switzerland
joined the Cold Region Landslides Network. After the consultation between the Coordinator
and Deputy Coordinators of the network, the First Meeting of Landslide in Cold Regions
Network was held in Harbin, China, 23-27 July 2012. At same time, First Symposium on
Landslides in Cold Region was hold also. Twelve scholars from five countries gave academic
report. Hereby collected into a set for the reference of geologists in cold regions.
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Catastrophic Slope Processes in Glaciated Zones of Mountainous
Regions
Alexander Strom
Geodynamic Research Centre – branch of JSC “Hydroproject Institute”, Moscow, Russia, +7 910 455 34 05

Abstract: Catastrophic slope failures that occur in glaci‐
ated zones of mountain ranges at high altitudes can be
considered as landslides in cold regions, since ice plays an
important role in their origination and emplacement.
Case studies of the XX Century rock avalanche that fell
onto the glacier and of the extraordinary prehistoric ice‐
rock avalanche are described briefly. They demonstrate
that presence of large quantities of ice in the glaciated
zones of high mountains results in significant masking of
the origin of debris accumulations that could be found
either on glaciers or at the feet of heavily glaciated slopes.
Keywords: Glacier, landslide, rock avalanche, ice‐rock
avalanche

Introduction
Cold regions include not only areas at high latitudes (Si‐
beria, Far East of Russia, North‐Eastern China, Northern
Canada, Alaska, Southern Chile) but also high mountains
and, especially, glaciated zones of mountainous regions
regardless of latitude. The specific character of such
processes in glaciated areas is predetermined by presence
of permafrost and ice. The latter form large portion of the
collapsing masses on the one hand and of the bed over
which they move on the other hand.
Such phenomena as rock and ice‐rock avalanches
attract researchers’ attention for many years [Evans, Cla‐
gue, 1988, Reznichenko, 2012]. Besides direct threat posed
to local communities and infrastructure they plays an
important role in general evolution of glaciers and, thus,
affecting water balance of the rivers that originate from
glaciers. That is why study of various slope processes that
take place in glaciated zones of mountainous ranges
should be an important topic of the “Landslides in cold
regions” ICL Network.

Catastrophic slope failures
Catastrophic slope failures that occur in the regions in
question can be divided, at a large extent conventionally,
in two main groups: (A) bedrock landslides that fell onto
glaciers and move over them, and (B) slope failures that
include large amount of ice.

The first group can be exemplified by 1964 Sherman
Glacier rock avalanche [McSaveney, 1975, 1978], 1986
Bualtar Glacier rock avalanche in Karakorum, Pakistan
[Hewitt, 1988], 1997 Mount Munday rock avalanche in
British Columbia [Delaney, Evans, 2008], rock avalanches
that accompany the 2002 Denaly earthquake [Jubson et
al., 2006, Schulz et al, 2008], and other historical case
studies. Similar prehistoric event in Greenland was de‐
scribed by Kelly [1980]. Comprehensive analysis of this
type of rock avalanches was provided recently in the PhD
thesis of N. Reznichenko [2012]. Thorough review of slope
stability in paraglacial environment was performed also
by S. McCol [2012].
Second group can be exemplified by the catastrophic
1962 and 1970 Huaskaran ice‐rock avalanches in Peru
[Evans et al., 2009] by the 2002 Kolka‐Karmadon disater
in Northern Osetia [Petrakov, et al., 2008, Evans et al.,
2009] and other less disastrous events [Huggel, 2008].
Hereafter I present brief description of case studies
related to both types of the phenomena – rock avalanche
the caved onto glacier in northern Caucasus likely in 1959
or few years earlier and the extraordinary prehistoric ice‐
rock avalanche in the Alai valley (Kyrgyzstan).
Rock avalanche over glacier
Looking over August 1959 aerial images of the glaciated
zone of the Great Caucasus Range I found an impressive
image of rock avalanche that fell on the glacier in the up‐
per reaches of the Urukh river basin most likely same
year or, may be, 1‐2 years earlier (Fig. 1). This assumption
is based on undisturbed shape of rock avalanche body
without any evidence of reworking except some fractures
at the upper and middle parts of the depositional zone
that cross both ice and overlying debris. Rock avalanche
debris with significant portion of large blocks up to sev‐
eral meters in size forms thin blanket that overlays minor
irregularities of the underlying glacier relief (Fig. 2) in the
same way as it was observed at the rock avalanches that
accompanied the 2002 Denali earthquake [Jubson et al.,
2006, Schulz et al, 2008].
No historical records about this phenomenon were
found in publications. However, fortunately, Goggle
Earth provides high resolution space image of the same
area obtained on November 23, 2004 (Fig. 3) allowing
comparison of rock avalanche deposits shape and posi‐
tion after 45 years. If there would be no information
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about this rock avalanche, coarse deposits visible now on
the surface of this glacier could be easily interpreted as
“normal” moraine.

Figure 1 Aerial photograph of rock avalanche deposits that form
thin blanket of debris over glacier in the upper reaches of the
Urukh River basin. Source zone of rock avalanche is in the
shadow. Outlined fragment is shown on Fig. 2

Figure 3 Google Earth 2004 space image of the same area as
shown on Fig. 1. Front of coarse rock avalanche material can be
found on the glacier surface about 500 m downstream from its
initial position, while at proximal part of rock avalanche almost
disappeared being transformed into two levees very similar to
lateral moraine

Prehistoric extraordinary Ice‐Rock avalanche in the Alai val‐
ley

Figure 2 Interaction of rock avalanche debris (2) with underly‐
ing glacier relief. 1 – the moraine levee composed of much finer
material. Note that diagonal fractures visible on ice in the upper
central part of the image do not affect rock avalanche deposits
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Ice‐rock avalanches carrying our large quantities of easily
melting ice belong to the most hazardous natural phe‐
nomena in high mountains. They move very rapidly at an
abnormally large distances [Petrakov et al., 2008, Evans
et al., 2009, Huggel, 2008]. However, the Komansu case
study described briefly hereafter is extraordinary even
among these outstanding events due to volume of mate‐
rial involved and runout distance (Fig. 4).
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Figure 4 The prehistoric Komansu ice‐rock avalanche deposits in the central part of the Alai intermountain depression. 3D Google
Earth Image. View from the north. Arrows indicate possible source zone of the slope failure. Distance from the watershed of the Zaalai
Range with the topmost summit ‐ the Lenin Peak (7134 m a.s.l.) to the Kyzylsuu River at the foreground slightly exceeds 30 km. Traces
of active faults pass along the foot of the Range and at the frontal part of the avalanche body about 2.5 km south from the Kyzylsuu
River.

The site is located in the central part of the so called
Alai valley – large intermountain depression between the
Zaalay (Transalay) Range of the Northern Pamirs and the
Alay Range of the Southern Tien Shan. The Zaalay Range,
which was the source of this slope failure is up to 7 km
a.s.l. high and rises up to 3.0 ‐ 4.0 km above the depres‐
sion bottom.
Zone of unusual irregular topography with hills and
furrows (local term – “chukur”) about 14 км long across
the Alay valley and up to 8 km along (see Fig. 4) it was
first described by K.V. Kurdiukov in the middle of XX
Century who proposed that it is the eroded body of the
3
gigantic rock avalanche about 4‐5 km in volume. Later
on, Nikonov and his co‐authors [1983] argued that his in‐
terpretation is wrong and that this feature, along with
several other “chukur” fields typical of the Zaalay Range
northern foothills have glacial origin. Indeed, microrelief
of this feature is quite irregular, which is typical of mo‐
raines, rather then of rock avalanches. Some morphologi‐

cal and sedimentological peculiarities, however, contra‐
dict this interpretation.
First, the Komansu deposits front rises several tens
of meters over the lowermost part of its base, indicating
that it “climbed” on the opposite – northern slope of the
valley, which is strange for the front of the glacier that
had to move slowly being so far from its feeding zone.
Second, material in some outcrops at this frontal part is
completely unrounded, and represents breccia with
sandy matrix typical of rock avalanches (Fig. 5). At some
outcrops blocks of such material are mixed with moraine
material but demonstrate jigsaw structure (Fig. 6). Third,
at the outcrop along the right bank of Kyzylsuu River one
can see at a distance of several hundreds meters that the
Komansu body overlays two river terraces without any
sign of their erosion by water (Fig. 7). Huge advancing
glacier must produce large amount of melt water that
would leave some signs of erosion at the terrace surface.

3

A. Strom‐ Catastrophic Slope Processes in Glaciated Zones of Mountainous Regions

Figure 6 The jugsaw pazzle of breccia blocks in the moraine‐like
material. Outcrop at the left bank of the Kyzylsuu River.

Figure 5 Crushed rock avalanche‐style debris in the frontal part
of the Komansu deposits.

Besides, such overlaying, along with evidence of riv‐
er damming visible at the north‐eastern part of the Ku‐
mansu body where it is eroded by the Kyzylsuг river al‐
lows assumption that this feature is relatively young –
Holocene. If so, it should occur later than maximal glacia‐
tion in this region took place.

Figure 7 The Komansu body overlays two river terraces without any sign of water erosion.

Most logical explanation of the totality of the ob‐
servable features implies that the Kumansu body is the
deposit of the gigantic extra‐mobile ice‐rock avalanche
that originated on the glaciated northern slope of the
Zaalay Range close to its watershed and travelled 27‐33
km (depending on the location of its actual source) with
elevation drop of about 3 km.
Large proportion of ice that was presented in the
deposits, underwent intensive melting that led to forma‐
tion of the chaotic moraine‐like “chukur” relief. More re‐
cent glaciers degradation promoted significant erosion of
the deposits of ice‐rock avalanche. All these processes
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masked real origin of the studied feature producing relief
more typical of glacial deposits rather then of those
formed by purely gravitational processes.

Conclusions
Case studies described herein briefly demonstrate
that presence of large quantities of ice in the glaciated
zones of high mountains results in significant masking of
the origin of debris accumulations that could be found
either directly on glaciers or at the feet of heavily glaci‐
ated slopes. Those that originated due to either bedrock
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or ice‐bedrock slope failures often look like moraines
even several decades after the event. It can explain the
fact that source zones of most of large‐scale bedrock
landslides have been found not at the topmost parts of
the ranges, but within the intermediate sections of their
slopes [see, for example, Hewitt, 2002].
Along with ongoing monitoring of slope failures in
the remote hardly attainable glaciated areas that can be
performed by use of the remote sensing data [Kaab et al.,
2003] and seismological observations [McSaveney, Dow‐
nes, 2002] special studies focused on identification of sig‐
nificantly reworked slope failures in glaciated zones
should be performed. They can provide important input
data that will shed more light on interrelations between
glaciers and rockslides.
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The Use of Radar Interferometry in Landslide Monitoring
Filippo Catani, Paolo Canuti, Nicola Casagli
University of Florence, Department of Earth Sciences – Via La Pira, 4 – 50121 Florence, Italy – filippo.catani@unifi.it

Abstract
This
paper
presents
some
specific
considerations on the use of SAR interferometry to
landslide studies. Both space‐borne and ground‐based
methods are briefly reviewed and main issues in the
application of them discussed on the basis of real
examples. The large literature on the subject seems to
suggest that PSI techniques have a large field of possible
applications ranging from landslide mapping to
monitoring. Limitations are mainly linked to revising
time, thus time resolution and can be overcome, for
selected priority unstable slope, by the implementation of
GB‐InSAR early warning systems, where SAR methods
must always be complemented by traditional (or new
technology) in‐situ direct measurements, including
underground tools such as inclinometers.
Keywords Landslide mapping, landslide monitoring,
radar interferometry, landslide hazard, landslide early
warning

Introduction
In the last 20 years, the use of remote sensing (RS) has
been steadily increasing its range of application, accuracy
and flexibility in all the different stages of landslide risk
management, from landslide recognition and mapping to
early warning and damage assessment (Canuti et al.,
2007). The nowadays widely accepted importance of RS
in this field, as well as in the wider field of natural
hazards, is underlined by the increase in the number of
specific research programmes that have been funding
research in RS application to landslides in the last decade
in particular. At the forefront of this strategic tool
development and application is the synthetic aperture
radar interferometry (InSAR) in all its several different
possible forms and implementations.
The relevance of InSAR is manifold and is based
mainly on the capability of microwaves of working in all‐
weather conditions, providing high space resolution and
offering high accuracy in the measurement of
displacements (Canuti et al., 2007). Traditional InSAR
processing for the detection of ground movements is
based on differential InSAR (DInSAR) (Massonnet and
Feigl, 1998; Rosen et al., 2000). Several studies have
shown the importance of using DInSAR in landslide
related studies (Rott et al., 1999; Xia et al., 2004; Catani et
al., 2005) but they also highlighted the presence of typical
weaknesses of DInSAR analysis such as temporal

decorrelation and atmospheric noise (Ferretti et al., 2001).
Such drawbacks can be overcome by using multi‐
interferometry, in which a series of SAR images is used to
build a statistically robust stack of interferogram couples
instead of just one as in traditional DInSAR. Multi‐
interferometry is mainly referred to as Persistent
Scatterers Interferometry (PSI) and has been proposed for
the first time in the PSInSAR technique by Ferretti et al.
(2000, 2001) and later improved by Colesanti et al. (2003).
Several similar techniques have thence be produced such
as the Stanford Method for Persistent Scatterers (StaMPS,
Hooper et al., 2004, 2007), the small baseline approach
called Coherent Pixel Technique (CPT, Mora et al., 2004;
Lanari et al., 2004) or the Interferometric Point Target
Analysis (IPTA, Strozzi et al., 2006). Other recent long‐
term approaches for PSI analysis are the Small Baseline
Subset (SBAS, Berardino et al., 2002) and the Stable Point
Network (SPN, Crosetto et al., 2008).
Satellite based techniques are thus demonstrably
very useful especially in studying basin scale problems.
When, instead, the focus is on slope scale and a more
elevated accuracy is needed, as well as a higher temporal
resolution, a ground‐based approach is often more
suitable. For this reason, the EU Joint Research Centre
developed a ground‐based InSAR capable of producing
high resolution interferograms at very short time‐
intervals (GB‐InSAR, Tarchi et al., 2003). This tool has
been successfully used in many cases of landslide
displacement monitoring (see e.g. Casagli et al., 2010).
Each technique has its specific application field and many
examples can be found in the literature reporting the use
of PSI to mass movement detection, characterization,
prediction and monitoring (Canuti et al. 2007; Casagli et
al., 2010; Lu et al., 2012).
In this paper we briefly present and discuss the
main characteristics and results of InSAR methods
through examples related to single slope and basin scale
analysis.

InSAR methods generalities
Satellite radar interferometry
Satellite based interferometry was born as a basic 2‐image
phase difference interferogram, produced using
techniques generally referred to as DInSAR. For landslide
mapping and monitoring, though, PSI techniques are
more suitable, since a longer time interval of monitoring
is necessary and because of the localized, spatially
7
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presence of noise and precision errors. For this reason
(see Fig. 1 as an example) displacement velocities between
‐2 and +2 mm/year are considered as negligible and the
relative target points deemed as stable.
When a long time series of images is available, it is
also possible to furtherly elaborate the SAR image data
stack to produce a displacement time series for the
period covered by the SAR database used in the PSI
advanced analysis (Fig. 2). This being the case, more
information can be extracted of fundamental importance
in landslide monitoring, such as period and magnitude of
acceleration and deceleration episodes possibly
connected to triggering events such as rainfall.

01/01/2001

01/01/2000

01/01/1999

01/01/1998

01/01/1997

01/01/1996

01/01/1995

01/01/1994

01/01/1993

[mm]

uncorrelated nature of landslide events with respect to
more spatially continuous processes
or process‐
generated features such as subsidence and earthquakes.
The PSI approach, differently from traditional
DInSAR, measures the displacement at specific ground
targets with high accuracy. In case one of these targets
belong to a mass movement in active state, then the PSI
numerical information gives an accurate figure of the
displacement occurred in the time span between the first
and the last SAR image in the image stack. The PSI
techniques are based on the use of SAR images generated
by post‐processing of radar satellites such as the ESA’s
ERS1, ERS2 and ENVISAT, the Canadian RADARSAT or
the German‐French DLR’s TERRASAR‐X. Recently, new
higher resolution sensors are available on board of the
Italian ASI COSMO constellation (4 satellites) which has
a capability of producing high spatial resolution (1 m)
images at a very short revisting time (up to 1 day). This
leads to a potentially high capability of covering the Earth
surface for landslide mapping and monitoring purposes
over large areas (Fig. 1).

Figure 2 – A time series relative to the displacement registered
by the PSI analysis at a given target point showing an average
trend of downslope displacement and some acceleration events.

Even though PSI analysis is widely used in landslide
studies since several years (see e.g. Farina et al., 2006),
there are some open problems which will be discussed in
the following sections of this paper that are now being
addressed by the scientific community and that must be
taken into consideration to avoid misinterpretation or
errors in the use of this technique.
Ground‐based radar interferometry
Figure 1 ‐ Example of a typical PS‐InSAR product, showing ERS
satellite based displacement velocities along ascending (Asc)
and descending (desc) orbits. Negative velocities depicts
displacements away from the sensor (subsidence or landslides)
whilst positive velocities movements towards the sensor (uplift
or various origin).

The PSI targets are stable radar benchmarks on the
ground surface that are often represented by man‐made
structures such as buildings, roads, walls, bridges, dams
and so on. Less frequently, PSI targets can be found on
rock outcrops or bare soil surfaces. The presence of stable
backscatterers on vegetated surfaces is almost always
impeded by decorrelation effects. The accuracy in the
definition of ground displacements is theoretically
dependent on the radar wavelength which is used, being
the PSI technique basically a phase difference
computation. This would mean sub‐millimeter accuracy
using SAR images from ERS, ENVISAT and RADARSAT
satellites, for example. Actually, though, practical
accuracy is in the order of ±2 mm/year due to the
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When wide‐area analysis is not sufficient for providing
the needed spatial and temporal resolution on the
ground, the best alternative is the use of ground‐based
interferometers (GB‐InSAR). As already introduced, GB‐
InSAR, initially based on the development efforts carried
out by the EC JRC (Tarchi et al., 2003) relies on a
permanent, stable SAR installation on the ground surface,
usually positioned in front of the slope under monitoring.
Basically, the instrumentation is made up of a couple of
radar antennas (one transmitting and one receiving)
mounted on a sled which is automatically moved along a
rail to produce the synthetic aperture needed to cover the
area under monitoring (Fig. 3). In other cases, the
antenna couple is fixed and does not rely on synthetic
aperture whilst in some novel implementations the
moving sled and the rail are avoided and substituted by
an array of small radar antennas.
In any case, the most distinctive characteristics of
such instruments with respect to satellite based SARs are:
the capability of very high spatial resolution due to the
proximity between radar and target (usual working
distances range from a few hundreds of meters to more
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than 2 kilometers); the equally high temporal resolution
(due to the fast image acquisition rate with respect to
satellites) and the flexibility in the definition of the
working parameters, which allow for a fine tailoring of
GB‐InSAR instrumentation to specific monitoring
purposes.

repeat pass scan of the GB‐InSAR apparatus is an
interferogram depicting a continuous displacement field
at the chosen spatial resolution. The ensamble of several
interferograms collected consecutively in time can be
used to monitor specific targets, to average velocities in
order to reduce local noise or to understand the
behaviour of complex landslides (Fig. 4).

Figure 3 – The LiSA (Linear Synthetic Aperture) radar designed
by JRC in a typical installation setting on the field (image
courtesy of EC‐JRC and Ellegi srl LiSALab).

In particular, the spatial resolution is mainly
dependent on the wavelength used (typically in the K
radar band), the distance to the target and the complexity
of the hillslope topography. Possible operative ground
resolution ranges from 10‐1 to 101 meters depending on
such factors and on the needs of the monitoring system.
A second important feature of GB‐InSAR systems is their
ability to produce SAR images in a few minutes, thus
allowing for the detection of displacements too fast for
the capability of space‐borne sensors. A comparison
between the time resolution of satellite‐ and ground‐
based SAR in the detection of landslides shows that the
available radar satellites have repeat time in the order of
about 35 days for ERS and ENVISAT (meaning a
maximum detectable velocity ‐ MDV ‐ of about 0.5
m/year), 24 days for RADARSAT 1 and 2 (with a MDV
around 0.75 m/year), 11 days for TERRASAR‐X (MDV≈1.0
m/y) and 4 days for the COSMO SkyMed constellation
(with a best space‐borne MDV of about 2.5 m/year). On
the other hand, a GB‐InSAR can produce several
interferograms every hour, thus increasing the MDV to
3
values in the order of 10 m/year. This extends the
capability of InSAR systems beyond the usual limit of
very slow movements (according to the classification of
Cruden and Varnes, 1996), typical of space‐borne sensors,
towards moderate and rapid movements. It is clear,
however, how this much higher capability is obtained at
the expense of flexibility and coverage. GB‐InSAR are
clearly the best solution for the monitoring of a single,
well defined unstable slope. The typical result of each

Figure 4 – Example of a typical GB‐InSAR interferogram related
to an unstable slope. The interferogram cumulates
displacements over about 14h. Different parts of the landslide
are clearly visible as having local independent behaviour (image
courtesy of Ellegi srl LiSALab).

The GB‐InSAR measurement suffer the same
drawback of satellite‐based systems in vegetated areas.
Despite the much higher time resolution of the method,
the interferogram is always affected by decorrelation
where pseudo‐random local displacements occur in
presence of trees, bushes, small plants and even grass (see
black masked out areas in Fig. 4).

InSAR applications and recent issues
Satellite PSI analysis – Open issues
Despite the many applications potentially useful for
landslide studies, the PSI‐like techniques still cannot be
used alone. A support must be available based on
ancillary data to confirm and correctly interpret the PSI
measurements. Furthermore, there are also specific issues,
depending on the different adopted PSI techniques (PS‐
InSAR, SBAS, IPTA, SPN, CPT, StaMPS) that have to be
carefully accounted for and possibly corrected or avoided
using suitable methods.
We will concentrate here on PS‐InSARn (Ferretti et
al., 2000, 2001; Colesanti et al., 2003) displacement
measurements, as an example of such issues. For this
type of PSI analysis, the main open issues are: i) the
correct reconstruction of the actual displacement vector,
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ii) the problem of low‐density of PSs over non‐urban
areas, iii) the link between surface and subsurface
displacements, iv) the space averaging of point
measurements. The problem of reconstructing the actual
displacement vector, or at least of correctly interpret the
measured one, is due to the fact that PSI analysis is based
on velocities measured along a versor codirectional to the
satellite line‐of‐sight (LOS). This means, in general, that
we only measure a component of the whole displacement,
unless the actual displacement versor ûa is codirectional
with the LOS vector ûLOS. Another important corollary of
this, often negliected, is that with the PSI techniques, in
theory, is not possible to measure displacements
occurring along the direction ûn normal to the ûLOS. The
direction of ûLOS depends on the satellite we are using
and on the orbit. Usually, SAR space platforms cover a
given area both in descending and in ascending orbit.
This offers a good opportunity to look at a given hillslope
under two different view angles (Fig. 5).

Figure 5 – LOS displacements of the same area observed along
two different orbits. The actual vector V (green) is decomposed
and only the two LOS components VD and VA are measurable.

The combined use of ascending and descending
geometry implies an increase in image elaboration costs,
but allows for the reconstruction of 2 important
components of the actual displacement vector V: the
vertical component VZ and the horizontal E‐W
component VX. Being the orbit of SAR satellites polar, it
is unfortunately impossible to estimate the component of
displacement along the N‐S direction on the azimuth
plane. However, different orbits, having different look
angles with respect to the topographic surface, do not
usually measure exactly the same target since the
backscattering characteristics of a given ground object
are rarely good in both directions. For this reason, the
decomposition of the two LOS vectors along the know
components VZ and VX must be carried out with care.
The Fig. 6 exemplifies this concept. Very seldom a
given object is capable of backscattering with high
coherence the radar signal from both orbits. Therefore,
for the vector decomposition and VZ – VX reconstruction,
we are forced to use two different stable PS reflectors in
close proximity, one from the ascending and one from
the descending geometry. This process, called PS‐
coupling, can be very delicate since the persistent
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scatterers to be joined together must behave in the same
way with respect to displacement pattern in time (Fig. 6).

Figure 6 – The problem of vector decomposition in case of
decoupling of ground reflectors for different SAR orbits. In the
case of a given object reflecting in both geometries (right
example) the vector decomposition can be safely carried out.
The opposite case (left example), might generate errors
depending on whether the 2 points (red and yellow) are moving
with the same behaviour or not.

For this reason, it is not recommended to just
average velocities in space, nor to automatically couple
PS points on the sole basis of their distance. Additionally,
in the case of landslides, even a geostatistical approach
based on variogram analysis may be deceiving, because of
the uncorrelated nature of mass movements at many
scales. Differently from other ground movements such as
soil subsidence, where the displacement vector module is
strongly autocorrelated in space (see e.g. Lu et al., 2012),
landslides are characterized by velocities almost spatially
constant within their boundary that suddenly drop to
zero outside it.

Figure 7 – A successful case of vector decomposition in the two
components VZ and VX in Southern Italy (Calabria region).

A possible solution is to carefully compare PSI time
series of candidate couple points before actually using
them for vector decomposition (Fig. 7).
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One of the major drawbacks of the PS‐InSARTM
method, the low density of PS in non‐urbanized areas, is
being at least partially overcome by the SqueeSARTM
technique, developed by Novali et al. (2009). Another
important issue is the need of local underground
displacement measures (such as inclinometer readings)
to compare the PSI‐based surface velocities with the
actual 3D vector at different depths in the landslide body.
Finally, often the PS‐InSARTM information, which is by
nature local, needs some averaging in space to obtain
pseudo‐continuous maps of average displacement (Fig. 8).
To do this for landslides, where the horizontal
component VX is seldom unimportant, a correct PS 2‐
orbit coupling and vector decomposition has to be
carried out before interpolation. Thence, a correct
scheme of statistical averaging must be selected, after an
analysis of the local autocorrelation properties of the VX
and VH vectors.

seemed to isolate a possible unstable mass of about 1‐2
3
Mm . For this reason, in order to establish a real‐time all‐
weather warning system, a GB‐InSAR was installed in
place together with other in‐situ traditional monitoring
systems (mainly distometer bases across the perimeter
cracks).

Figure 9 – Image showing the situation at Mt.Beni in April 2002,
at the beginning of the GB‐InSAR monitoring. The red line
depicts the approximate position of the main perimeter crack
system.

Figure 8 – Ground displacement pseudo‐continuous map
obtained in the Arno river basin (Tuscany, Central Italy) after
vector decomposition and autocorrelation analysis.

Ground‐based DInSAR – A case study for early warning
The use of GB‐InSAR covers quite different purposes.
Mainly they are centered on the nearly‐continuous
observation of a given unstable slope for early‐warning,
failure forecasting or emergency management.
Several examples of such application are available in
the literature (Casagli et al., 2010). A specific successful
case which is a good example is the one related to the Mt.
Beni rock slide, located in Central Italy, also reported by
Gigli et al. (2011). The activity of this unstable slope, that
was already involved in rock falls that led to the closure
of the quarry at its base at the beginning of 1990’s,
experienced a sudden acceleration in 2002, when several
large cracks were seen developing in the upper part of the
slope. The geology of the rock mass is made up of a basal
marl‐layered limestone overlain by a typical ophiolitic
series encompassing, from bottom to the top, basalt
breccias, ophiolitic breccias and jointed massive basalts.
This setting, and the jointing of the upper basalt layer,
favour the development of a perimeter crack system that

The GB‐InSAR apparatus was of the LiSA type and
was installed in front of the main slope, at a distance of
about 2 km. The analysis of SAR data highlighted the
presence of 3 main zones affected by major displacements,
where the installation of in‐situ devices was impossible
due to the high velocity of deformarion, ranging, for the
period of monitoring between 5th and 19th of May 2002,
from 4.8 to 10.6 mm/day (Gigli et al., 2011). The joint
analysis of InSAR, distometer bases and modelling data
allowed for a continuous surveillance of the slide and for
the prediction of the failure using the inverse velocity
method (Fig. 10).

Figure 10 – Prediction of the failure time by the inverse velocity
method. The data used for this analysis (both from distometer
bases and GB‐InSAR) allowed the prediction of the instant of
failure with an error of less than 24h, thus enabling early
warning measures.
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The GB‐InSAR cumulated displacements over the
aforementioned period are depicted in Fig. 11, where the
different zones of the rock mass are evidenced in their
peculiar behaviour.

Conclusions
We have seen some important characteristics and
issues related to the use of radar interferometry in
landslide hazard and risk analysis, at several levels. Our
conclusions would like to point out some key lessons
learned in our experience so far: i) the analysis at the
basin scale using PSI techniques must be carried out by
using ancillary data on topography (DEM, orthophoto,
satellite optical images) and taking care of correct
displacement vectors starting from LOS measurements; ii)
the maximum detectable velocities are still limited but
are steadily increasing due to the continuous
development of new space‐borne SAR platforms; iii)
where tailored slope‐scale application of SAR
interferometry are needed, GB‐InSAR apparatus should
be adopted for a real‐time monitoring in early warning
applications.
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Abstract It is the main problem for highway in seasonal
frozen regions that soil cutting slope instability causing
by freeze‐thaw，and it will affect traffic safety and road
environment seriously. Relying on the silty clay slope,
which is in the highway expansion project from
Fangzheng to Harbin, using triaxial shear tests, field
monitoring, and testing in situ, the mechanism of slope
instability causing by freeze‐thaw and the test of
reinforcing slope by vegetation are studied. Triaxial test
results show that: when the soil water content is less than
the optimum water content, the soil cohesion is
increased with the increase of moisture. The soil cohesion
is decreased with the increase of moisture, when the soil
water content is bigger than the optimum water content.
The peak value of soil cohesion is near the optimum
water content. The internal friction angle of soil is
decreased with the increase of moisture. Soil cohesion is
decreased with the increase of times of freeze‐thaw cycles.
Field monitoring results indicates that, during the
process of soil freezing, there will appear the cracks
caused by temperature shrinkage which destroy overall
strength of the slope. Moisture migrates to the freezing‐
front. In the melting period of spring, because of the
accumulating water within the cracks of temperature
shrinkage, and longer duration of zero temperature
below the slope surface, the melting water was hampered,
as well as the water frozen within the soil body melt
rapidly when soil body temperature reaches 0.1°C, all of
these results in the water content in shallow slope is too
high, and soil shear strength decreases, then occurs
cutting slope landslide. Situ direct shear test obtains, the
shear strength of the soil having woody root is great
bigger than the soil having no root. In the similar
location of the same slope, where is planted Amorpha
fruticosa and Lespedeza, the shear strength of the soil
having woody root is three times of the shear strength of
the soil without root. Using Amorpha fruticosa and
Lespedeza to protect the slope, not only can prevent
landslide causing by freeze‐thaw effectively, but also can
beautify the road environment.
Keywords highway; cutting slope; silty clay; freeze‐thaw;
reinforcing slope by vegetation; the soil having woody
root

Induction

Figure 1. Location of study area.

Shallow landslides of soil cutting slope occurs frequently
in seasonal frozen areas of Northeast China (Wu 2006,
Liu 2006). The main reason is the moisture transfer to the
freezing front during the freezing period, result in water
content increasing in somewhere of shallow slope, then
frost heaving occurs under subzero temperature. The
association and arrangement among soil particles was
changed by frost heaving, and then the mechanical
properties of the soil changed also (Shan 2009). In the
melting period of spring, the frozen layers in shallow
slope thawed influenced by kinds of factors such as
precipitation, increasing temperature and so on. The
melting water was hampered by unfrozen layer under
them during their infiltration downward, result in the
water content in the layer between melt layer and frozen
layer increasing rapidly, and reach saturation or over‐
saturated state, then the effective stress within the slope
reduced, the partial or whole of the shallow slope slide
down along the “water saturation layer” under gravity
(NIU 2004).
The study of the stability of permafrost slopes
appeared earlier (Tarr 1897, McRoberts 1974, Clark 1988,
Zhou 1982), but mainly is in the permafrost plateau (Zhu
1996, Wang 1995, Niu 2002, LI 2002). There is different
between instability in seasonal frozen region and
instability in permafrost, mainly is larger changes in
temperature and repeated freezing‐thawing cycles, which
has obvious seasonal characteristics.
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About reinforcing slope by vegetation, there are
many studies on reinforcement mechanism of vegetation,
such as laboratory simulation ( DENG 2007), absorbing
water model of plant roots ( JI 2006), Mechanical model
of roots‐soil ( CHENG 2006), but none of them
considered the influence of freeze‐thaw cycle.
Relying on the expansion project from Fangzheng to
Harbin, the study area is located on the side of Widening
from K560+900 to K563+450(Figure 1). The terrain graph
fluctuation of study area is bigger, the soil of it is sandy
clay, whose natural density is 1.8g/cm3‐2.1g/cm3, the
average height of the cutting slope is 5‐15m, and the
average ratio of the slope is 1.5‐1.75.
Through on‐site investigation, monitoring water
content and ground temperature in shallow slope,
laboratory of soil physical and mechanical, and situ direct
shear of the soil having woody root, the physical and
mechanical nature of the soil varied with water content
and freeze‐thaw cycle was studied, the effect of the plant
on soil moisture during the freeze‐thaw cycles was

studied, and the mechanical mechanism of shallow slope
reinforced by plant root was also studied.

Effect of Freeze‐thaw on Shear Strength of the Soil in
the Slope
The basic physical parameters of the soil in the slope are
shown in Table 1. With the same 95% compaction degree,
the soil samples with different water content and
different freeze‐thaw cycles were conducted indoor
triaxial test, the results are shown in Figure 2 and Figure
3.
Table 1 Basic Physical Properties Indicators of Silty Clay.
Plastic
limit
(%)

Plasticity
index

32.5

18.7

13.8

Maximum
dry density
(g/cm3)
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water
content (%)
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Figure 2. The relationship curve between soil cohesion and soil
moisture before and after Frozen‐thaw with 95% soil
compaction

Figure 3. The relationship curve between soil moisture and soil
internal friction angle before and after frozen‐thaw with 95 %
soil compaction

Effect of freeze‐thaw cycles and water content on soil
cohesion

cycles. It can be seen that soil internal friction angle is
decreased with the increase of soil moisture. When soil
moisture is increased from 9% to 17%, after 1, 2, 5 freeze‐
thaw cycles, the reduction value of soil internal friction
angle is 64%、47%、46%、57% , separately.
On the whole, soil cohesion is decreased with the
increase of freeze‐thaw cycles. Soil internal friction is
increased after the first freeze‐thaw cycle, and then is
decreased gradually in later freeze‐thaw cycles.

For silty clay with 95% compaction degree, Figure 2
shows the relationship curve between soil moisture and
soil cohesion under different freeze‐thaw cycles. It can be
seen that when soil moisture is close to the optimum
moisture, soil cohesion reach the peak value. Soil
cohesion is decreased gradually with the increase of
freeze‐thaw cycles, especially when soil compaction
degree is bigger. Under the optimum moisture, after 1, 2,
5 freeze‐thaw cycles, the soil cohesion is decreased by 18
kPa, 30 kPa and 56 kPa separately.
Effect of freeze‐thaw cycles and water content on soil
internal friction angle
For silty clay with 95% compaction degree, Figure 3
shows the relationship curve between soil moisture and
soil internal friction angle under different freeze‐thaw
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Monitoring of ground temperature and soil moisture
on the slope Protected by vegetation
According to meteorological data in Heilongjiang
Province, for the ground within 20cm below the surface,
subzero temperature begins to appear in early November
every year, and above zero temperature appears in end of
March of next year. The maximum freezing depth is
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about 1.9m. According to field investigation, the sliding
surface of the cutting slope is about 1‐1.5m deep from the
slope surface, and the thickness of slip zone is 10‐25cm.
In order to study the effect of weather temperature
and plant on the ground temperature and soil moisture
on the slope, two study sites were selected(Figure 1.), one
is in K560+700 (site A) which planted grass, anther is in
K563+870 (site B) which planted Lespedeza. On both
sites, temperature sensors and moisture sensors were
buried in the depth of 0.6m, 1.4m, 2.2m separately. The
sensors in different depth are all in the same drilling hole,
site B has three drilling holes which located on top（B‐

T ） , middle （ B‐M ） and toe （ B‐O ） of the slope
separately. Site A has only two holes（A‐T, A‐O） and
hasn’t the hole in middle of the slope. From January
2009 to June 2010, the monitoring of ground temperature
and soil moisture of five drilling holes was conducted.
Among them, the value of the 1.4m depth has the most
representative, because it is above the maximum freezing
depth, as well as near the sliding surface which was
known from the field investigation above. The next
analysis is about the value of 1.4m depth, and the curves
can be seen in Figure 4 and Figure 5.
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Figure 4. The curve of ground temperature and soil moisture of site A in 1.4 depth
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Figure 5. The curve of ground temperature and soil moisture of site B in 1.4 depth

Variation of ground temperature of the slope protected by
vegetation
In spring of 2009 and 2010, it can be seen from Figure 4
and Figure 5 that, in site A, the lowest ground
temperature of two springs was ‐3.7°C, ‐3.1°C, which is
found in A‐T, and happened on March 1st, 2009 and
February 25th 2010. The lowest ground temperature of A‐

O was ‐0.6°C and‐0.3°C, which happened on March 2nd,
2009 and April 23rd 2010. In site B, the lowest ground
temperature of two springs was ‐1.8°C,‐2.6°C, which is
found in B‐T, and happened on the same date with A‐T.
The lowest ground temperature of A‐M was ‐1.1°C,‐0.9°C
which happened on March 2nd, 2009 and March 8nd
2010. The lowest ground temperature of A‐O was ‐0.9°C,‐
1.6°C which happened on March 1st, 2009 and March 3rd
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2010. Since after these dates, the ground temperature of
the measuring point begins to go up slowly, and goes into
the stage of above zero temperature one by one. The
order of appearing above zero temperature for five
drilling
holes
is
A‐T,B‐T,B‐M,A‐O,B‐O,
and
corresponding appearing time is May 5th, , May 11th, May
25th, June 4th, June 7th in 2009. Since after these dates,
the ground temperature of five drilling holes begins to
rise significantly. It's worth noting that, firstly, from top
to toe of the slope, the time interval of appearing above
zero temperature is about 30 days, secondly, there is a
longer duration of zero temperature.
In summer of 2009, It can be seen from the Figure,
in site A, the highest ground temperature was 19.1°C,
15.3°C, which happened on August 16th and August 24th.
In site B, the highest ground temperature was 13.2°C,
12.6°C and 13.8°C, which all happened on August 24th. It's
worth noting here, the difference of the highest ground
temperature between site A(with turf ) and site B(with
Lespedeza) is 6.5 °C.
As the weather turns to autumn, the order of
appearing subzero temperature for five drilling holes in is
A‐T,B‐T,B‐M,B‐O,A‐O, and corresponding appearing
time is January 8th, January 10th, February 7th, February
7th, February 17th in 2010. Since after these dates, the
ground temperature of the measuring point begin to go
down continuously.
It can be seen from the above analysis that, for the
ground temperature in 1.4m depth, the top of the slope is
affected by the weather temperature mostly, then is in
middle of and on toe of the slope. Secondly, the type and
density of the plant on the slope also affect the ground
temperature in 1.4m depth. Thirdly, it is in spring that
there is a longer duration of zero temperature in 1.4m
depth of the slope, but in autumn there hasn’t.

For site B, in 2009 spring, the moisture curve of B‐T
has one uplift process, which like site A, but the moisture
curve of B‐M and B‐O have two uplift processes, details
are as follows, The soil moisture of B‐T go up from
15.8%( May 14th) to 19 %( May 25th), then the rise turn to
gentle, at same time, corresponding ground temperature
goes up from 0°C to 0.1°C, and keep straight up till to late
July. The soil moisture of B‐M first goes up from
15.6 %( March 29th) to 16.9 %( April 9th), corresponding
ground temperature go up from ‐0.2°C to 0.1°C, next
follows a smooth uplift process, then goes up again from
17.3%( May 25th) to 19.6 %( June 24th), corresponding
ground temperature go up from ‐0.1°C to 1°C.The soil
moisture of B‐O go up from 11.5%( March 29th) to
13.2 %( April 3th), corresponding ground temperature go
up from ‐0.9°C to 0.1°C, next also follows a smooth uplift
process, then goes up again from 13.8%( May 22th) to
17.2 %( May 30th), corresponding ground temperature
goes up from 0.1°C to 6.4°C.

a
b

Variation of soil moisture of the slope protected by
vegetation
It can been seen from Figure 4 and Figure 5 that, during
the freezing period, the soil moisture curve has a sharp
declining when ground temperature is about 0°C. After
that, the ground temperature declines gently until
reaching a minimum value, then the curve rise again
slowly, as soon as ground temperature is over the zero
temperature, the curve goes up rapidly.
For site A, in 2009 spring, the soil moisture of A‐T
goes up from 16 %( May 2nd) to 17.4 %( May 5th), at same
time, corresponding ground temperature goes up from ‐
0.3°C to 0.3°C. The soil moisture of A‐O goes up from
13.9 %( May 30th) to 18 %( June 4th), the corresponding
ground temperature goes up from ‐0.2°C to 0.2°C. After
that, the curve of soil moisture goes up slowly until close
or over the value of plastic limit of the soil. The scene
situation is, after 2009 spring, there appears cracks near
site A (K560+420‐K560+550), as shown in Figure 6a, then
there occur landslide on 7th May 2010, as shown in Figure
6b.
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Figure 6a. The cracks on the slope with turf before landslide
Figure 6b. The landslide of the cutting slope with turf causing
by freeze‐thaw

It can be seen from above analysis that, soil moisture
rises up quickly when ground temperature is above 0.1°C.
The moisture of B‐T and A‐T begin to rise as soon as
ground temperature is larger than zero, and turns to
gentle in 3‐10 days. The moisture of B‐M and B‐O
increased 1.3% and1.7% when ground temperature rises
up to 0.1°C, but the difference is that the ground
temperature here continued to maintain near 0.1°C for 19
days and 65 days separately, then rise up again, during
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this period, the moisture of B‐M and B‐O rise up again
for 2.3% and 3.4% separately.
The cause of above phenomenon is, during the
freezing period, there will appear the cracks caused by
temperature shrinkage when freezing‐front extends to
deep slope, the new freezing‐front in the soil is formed,
then the moisture in soil body migrate to the cold
freezing‐front (Figure 7), so the curve of moisture here is

decline. In spring, the ground temperature rises up, when
it reaches about 0°C, the moisture near the freezing‐front
begins to migrate again under the function of gravity and
surface tension, and then there is the first uplift process
of the moisture curve. When ground temperature is over
0.1°C, the melting water from snow and infiltrating water
near the freezing‐front make the moisture curve have the
second uplift process.

Figure 7. The migration of moisture in soil body

Figure 8. The situ direct shear apparatus

Figure 9. Roots morphology of Amorpha fruitcosa (AF)

Figure 10. Roots morphology of Lespedeza (LP)

Insitu Direct Shear Test of the Soil Having Woody Root
and Without Root
In order to evaluate the anchoring effect of woody root
on slope body, a situ direct shear apparatus was designed
(Figure 8). The soil with woody root (Amorpha fruticosa
and Lespedeza) which is near the site B (K563+760 and
K563+860) was conducted direct shear test. The test
result and analysis is below.
From the photo of Amorpha fruticosa (AF) root
system (Figure 9), it can be seen that there are strong
main root, and has significant difference between main
root and lateral root. Comparing with AF, the root system
of Lespedeza(LP) hasn’t clear difference between main
root and lateral root, they’re all long and straight, and
root system is thick and dense on the whole shape(Figure
10).
Figure 11 shows the curve between shear stress and
shear displacement for the soil with AF root, LP root and
without any root. It can be seen from the curve that

7

8

9

10

maximum shear stress of AF root system is 17.4 kPa,
which of LP root system is 15.88 kPa. The shear
displacement corresponding is 14 mm. But AF and LP
have different failure process, because their curve shape
of shear stress ‐ shear displacement are very different.
From the curve of AF, it can be seen that second
peak value of shear stress is 13.2 kPa, and corresponding
shear displacement is 299 mm, the reason of having two
peak value is the shape of its root system, main root was
cut when shear stress reach the first peak, then shear
displacement continue to increase due to its more
developed lateral roots, the lateral roots was pulled from
curve to straight, up to be cut again, then the second
peak point appeared.
From the curve of LP, it can be seen that there is
only one peak value of shear stress, and shear stress is
decreased gentle with shear displacement increasing. The
reason for this is the lateral root is long and straight,
which has weak combining capacity with soil particles,
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then the shear strength of it is relatively small, so there
isn’t second peak value of shear stress after main root be
cutting.
From the curve of soil without any root, the
maximum shear stress is 9.6 kPa, and corresponding
maximum shear displacement is 17 mm, which is very
lower than the soil with plant root, especially contrasting

with the soil having AF roots, shear strength decrease 7.8
kPa, about 43.8%.
We can see by comparison that, the shear strength
of the soil with woody root is much bigger than the soil
without root. In this test, the shear strength of the soil
having woody root, is three times of the shear strength of
the soil without root.

20
The soil with AF root
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Figure 11. The curves shear stress ‐ shear displacement of the soil with AF root, with LP root and without any root

Conclusion and social impact
Laboratory test results showed that: the soil cohesion is
increased with the increase of soil moisture. When the
soil water content is bigger than the optimum water
content, the soil cohesion is decreased with the increase
of moisture. Under the same moisture, soil cohesion is
increased with the dry density increasing. The internal
friction angle of soil is decreased with the increase of
moisture. Freeze‐thaw had a significant effect on soil
cohesion and internal friction angle. Soil cohesion
decreased gradually with the increase of freeze‐thaw
cycles, soil internal friction increased after the first
freeze‐thaw cycle, then decreased gradually in later
freeze‐thaw cycles.
Field monitoring results show that, for the ground
temperature in 1.4m depth, whose on the top of the slope
is affected by the weather temperature mostly. The kind
and density of the plant on the slope also affect the
ground temperature in 1.4m depth. During the freezing
period, there will appear the cracks caused by
temperature shrinkage when freezing‐front extend to
deep slope, the new freezing‐front in the soil is formed,
then the moisture in soil body migrate to the cold
freezing‐front, so the curve of moisture here is decline. In
spring, the ground temperature rises up, there is a longer
duration of zero temperature in 1.4m depth of the slope,
the moisture near the freezing‐front begins to migrate
again under the function of gravity and surface tension,
and then there is the first uplift process of the moisture
curve. When ground temperature is over 0.1 ℃ , the
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melting water from snow and infiltrating water near the
freezing‐front make the moisture curve have the second
uplift process.
Because of the accumulating water within the
cracks of temperature shrinkage and longer duration of
zero temperature below the slope surface, the melting
water was hampered, result in the water content in
shallow slope is too high, soil shear strength decrease,
then cutting slope landslide.
The shear strength of the soil having woody root is
great bigger than the soil having no root. In the similar
location of the same slope, where is planted Amorpha
fruticosa and Lespedeza, the shear strength of the soil
having woody root, is three times of the shear strength of
the soil without root.
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Ab
bstract The background and processs of the Kok
kkawa
lan
ndslide of 7 March 20
012, Japan is
i reported. The
Ko
okkawalandsllide occurreed in Joetsu
u City, which is
weestern part of Niigata Prefecture.
P
T
The
area iss also
chaaracterized as heavily snowy area.. A lot of snow
acccumulation was observved in the vicinity off the
lan
ndslide area during
d
winteer season. Cleearly the land
dslide
waas triggered by snowmeelt. The soil layer above the
forrmation bord
der probablyy contained very much water
du
ue to antecedeent snowmellt before the landslide. It was a
rem
markable asp
pect that thee sliding soill mass has a long
traavel distance and high vellocity at the early
e
stage off slide.
Ke
eywordssnow
wmelt, travel distance, draainage

Inttroduction
On
n 7 March 20
011, a landslid
de
occcurred
at
Kokkawaiin
Niigata City
Joeetsu
C
City
i
in
sou
uthwesternpaart of Niigatta
Preefecture. Alth
hough no on
ne
waas killed or in
njured, severaal
○○
houses were destroyed by
b
Kokkawa
oli mass. In
I
thee sliding so
Landslide
add
dition, inh
habitants of
o
neiighbouring houses
h
had to
t
Figuree 1 Location maap
be evacuated. The landslid
de
hass the following dimensions: The widtth of the land
dslide
is about
a
150m. The length of
o the landsliide is about 500m.
5
Th
he depth of the sliding
g surface is about 20m.. The
vollume of thee sliding so
oil mass is estimated to
t be
750
0,000m3.

Characteristiccs of the Kokkkawa landslide
To
opography an
nd geology
Th
he Kokkawaa district, at which the landslide
l
occcurred,
lo
ocated at th
he western m
margin of th
he gentle Higashi‐
Kubikihillsope
K
e areas, whicch is faced to
o the Takada Plane.
Th
he height off the location
n is about 200
0m above seaa level.
Th
he geology around
a
the laandslide area is divided in
nto two
un
nits, namelyy upper P
Pleistcene co
onglomerate layer
naamed as Saaruhashi Fo
ormation an
nd lower Plliocene
mudstone
m
layeer named as Sugawa Forrmation. Thee upper
co
onglomerate layer is perm
meable and on
o the contraary the
lo
ower mudsto
one layer is impermeab
ble. Thereforre, the
grroundwater supplied
s
by ssnowmelt waas able to be stored
in
n the soil layeer above the g
geological fo
ormation bou
undary.
Th
he probablee explanatio
on is that snowmelt waters
in
nfiltrated th
he permeable upper co
onglomerate layer,
pu
ushing out groundwater
g
r along the boundary beetween
th
he upper Sarruhashi Form
mation and lower
l
imperm
meable
Su
ugawa Formaation. Geolog
gical structurre composed of two
diifferent stratta could easily cause a landslide at
a this
geeological bou
undary. Main
nly soil mass of upper Sarruhashi
laayer slid dow
wn along thee geological boundary.
b
Th
he soil
mass
m
of upper Saruhahi llayer is signiificantly weaathered
an
nd contains also a certain percentag
ge of finematerials.
Th
his layer cou
uld easily con
ntains groun
ndwater and hardly
drrain groundw
water. As a rresult, it seem
ms that the sliding
so
oil massposssessed high water con
ntent and moving
m
ab
bility.The Fiigure 4 a)‐d
d) shows th
he highly movable
m
beehaviour of the
t sliding so
oil mass.

Figuree 3 Front view o
of the landslid
de
Fig
gure 2 Overview
w of the landsldie area from
m top scar
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Sp
pecific feature
es of the locaation
n order to specify the topographic location of the
In
laandslide, it is necessaary to iden
ntify the original
o
to
opography off the area concerned. As shown in Fig
gure 3,
th
he actual landscape just b
behind of thee landslide sh
hows a
reelatively genttle hillslope without foreest cover.It iss to be
co
onsidered th
hat the actu
ual landscap
pe of the area
a
is
arrtificially ch
hanged by stone minin
ng activitiess. The
orriginal topog
graphy of th
he area is shown
s
in Fig
gure 5
which
w
was in
nterpreted byy aerial photto taken in 1985.A
laarge scale lan
ndslide shapee including th
he recent Ko
okkawa
laandslide can be clearly ideentified in th
he Figure 5. Typical
T
to
opographic features
f
of a landslide su
uch as “steep
p head
sccar”, “gentle slope area after slidin
ng” and “maarginal
acccumulation of slid soiil mass” aree easily visib
ble. In
reelation to thee location off the recent Kokkawa
K
lan
ndslide,
vaalley topograaphies can bee observed att both side margins
m
off the long and narrow
w landslide topographyy. The
exxistence of such valleyy topograph
hies suggests that
in
nfiltrated groundwater sh
hould be easilly supplied in
nto the
so
oil layer of th
he landslide aarea.

a)

b)

Figure 5 Orriginal topograaphy of old larrge scale landslide

Trraveling proce
ess of sliding soil mass

c)

d)
Figure 4 a)‐d
d) Traveling off sliding soil mass
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In
n the first photograph
p
aa) of Figure 5, the slidin
ng soli
mass
m
was stilll remaining on the slope on 8 Marcch, the
neext day aftter landslidee occurrencee. In the second
s
ph
hotograph b), the sliding
g soil mass was
w already moved
aw
way apart frrom the slop
pe margin on
o the very gentle
flu
uvial plane on
o 9 March. In the third photograph c), the
slliding soil mass
m
was rreaching to the front of the
seettlement areea on 10 Maarch. Althoug
gh sand bag
gs were
seet in front off the sliding ssoil mass, it was
w of no use at all
to
o protect thee houses. In the fourth photograph
p
d the
d),
slliding soil mass
m
was fin
nally reached
d to the roaad and
seeveral hou
uses in th
he settlem
ment area were
co
ompletelydesstroyed on 155 March. Th
he sliding soiil mass
trravelled 250
0m with the maximum
m velocity of
o the
155m/hour. Aft
fter two weeeks the soil mass was finally
sttopped. The detailed vaariation of th
he velocity of the
slliding soil maass is shown iin Figure 6.
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Weather conditions

(1) In order to restrain the active movement of the sliding
soil mass, it was necessary to drill a lot of horizontal
boreholes for drainage of groundwater from the landslide
body and also soil layer behind the head scar. In addition,
it was also necessary to construct open channel to divert
surface water in order to avoid infiltration of surface
water into landslide body.
(2) In order to protect houses in settlement areas, guiding
embankments were constructed to regulate the travelling
course of the sliding soil mass.
(3) Continuous real time monitoring of sliding soil mass
have been carried out. For such monitoring 10GPS
receivers and several vertical extensometers were
installed in the landslode body.
Groundwater drainage with a lot of horizontal bore‐
holes functioned effectively and the movement was
ceased two weeks after the occurrence.

Snow accumulation of the area concerned in this year
was clearly deeper than usual winter. The weather
conditions recorded by the nearest meteorological station
at Sekiyama in Myoko City is shown Figure 7. As shown
in the figure, the air temperature had risen suddenly and
exceeded 10 degrees centigrade around two days before
the occurrence of the landslide. At the same time, the
measured snow cover depth rapidly decreased. It suggests
that the landslide was mainly triggered by snowmelt.

Countermeasures for stabilization
Emergency operations
It was urgently needed to arrange the following
emergency operations to mitigate damage by the sliding
soil mass:

関山（妙高市関山）
※関山：国川地区より南西へ約15km地点
Sekiyama in Myoko
City(15km southwest
from Kokkawa)
12
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Figure 7 Weather condtions at the nearest meteorological station

25

Hideaki Marui –Preliminary Report on the Kokkawa Landslide Caused by Snowmelt

Head scar of the slide

A lot of boreholes were drilled
for groundwater drainage

Guiding embankments were
Constructed to protect settlement

Settlement area
Maximum reach of soil mass

Figure 8 Aerial photograph of Kokkawa landslide

(provided by Niigata Prefectural Government)

Figure 9 Countermeasures for stabilization
(provided by Niigata Prefectural Government)

Permanent countermeasures

Acknowledgements

During the early stage after occurrence of the landslide, it
was impossible to install any permanent countermeasures
into the landslide area because of high water content of
the soil mass in that area. In several weeks after
installation of a lot of horizontal boreholes, a certain
amount of water stored in the soil layer behind the head
scar and also in the slid soil mass was gradually drained.
As the next step the following permanent counter‐
measures should be designed:
(1) Cutting and reshaping of the unstable step head scar
slope.
(2) Drainage wells in the slid soil mass for drainage of
deep groundwater.
(3) Open channels for drainage of surface water and
subsurface conduits for drainage of shallow ground‐
water.
(4) Retaining walls at the margin of slid soil mass.

The author had good opportunities to visit and carry out
field investigations in the landslide area with kind
supports of responsible authorities. He is very thankful to
the department of torrent control of Niigata Prefectural
Government for practical arrangement for field visit and
also for provision of technical materials like aerial
photographs and topographical maps.

Monitoring of movement of soil mass
Although the slid soil mass is ceased to move at this stage,
it is to be recommended to arrange continuous real time
monitoring on possible movements of the slid soil mass
and also on possible successive slides just behind the
landslide area in the coming rainy season. For the case of
unforeseen additional landslide occurrence, it is
necessary to arrange an early warning system.
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Loess Landslides on the Chinese Loess Plateau
Li Tonglu , Zhao Jifei , Li Ping
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Abstract Chinese Loess is a wind origin deposit which
has special characters of typical topographies, vertical
joints, loose texture and water sensitivity, which makes it
easy to slide. Landslides on the Chinese Loess Plateau are
the most severe geological hazards, which deprive people
of life, damage gas and oil routes, destroy roads and
railways and decrease farmlands. Control of landslides is
a long‐term strategy. Besides the general used structural
methods being applied in the slides related to some
engineering, improvement of ecological environment,
innovation of irrigation way and availability of drainage
systems are more significant. Building of early warning
system based on monitoring is a practical and economic
way to check landslides as much as possible in
considering of the present natural environment and
national condition.

The Loess Plateau and its environs have been
affected by oil and gas explorations, mining of solid
mineral deposits, civil construction and urbanization.
These
activities
have
greatly
influenced
the
geomorphology of the Plateau, making the area prone to
geological hazards. These geohazards, such as landslides,
mud‐flows, ground‐collapses and tension cracks have
continued to cause untold havoc to the economic and
other developmental activities within the area. In China,
landslide disaster, apart from earthquake, has recorded
the highest number of fatalities in recent years.

Keywords Loess, Loess Plateau, Landslide

Introduction
Loess is an aeolian sediment formed by the accumulation
of wind‐blown fine sand and clay components. In China,
it covers a total area of approximately 631,000km2,
occupies 4.4 percent of the national land (Liu DS, 1996),
of which, the Loess Plateau has the best developed
deposit in the world. The thickness of loess deposits in
this area vary from few meters to more than 300
meters(Fig.1).
The Loess Plateau of northern China, which has an
2
area of approximately 430,000km , is located in the center
of the Yellow River and is bordered by the Tengeri Desert,
Wuqiao Ridge and Riyue Mountain to the west; Taihang
Mountain to the east, Qinlin Mountain to the south and
Yinshan Mountain to the north (Fig.2). As monsoon
winds generate fine sediments from the northern and
north‐western deserts, it is barred by the eastern and
southern mountains; this causes the fine material to be
deposited on the plateau. Field investigations and
laboratory analysis have shown that particle sizes of the
loess deposit changes from coarse‐grained to fine‐grained
for sampling done from the northwestern part to
southeastern end. Recently, the Loess Plateau has become
an important economic zone in the western part of China,
where there are plenty of natural resources such as oil
and gas, coal, hydro‐energy and also serves as an
important site for agricultural development.

Figure.1 Loess deposits in China (After Liu DS, 1985)

Figure. 2 The landscape of the Chinese Loess Plateau
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The Effects for Landslide Initiation on the Loess
Plateau
Loess has typical landforms like vertical joints and loose
textures, as well as special physical and mechanical
properties, such as low water content, strong structural
strength, loose textures and weaker water resistance, high
compressive strength which reduced the shear strength of
the material.
Typical Topographies
Loess mainly forms three characteristic types of
geomorphic structures. These are loess platform, loess
ridge and loess dome, as showing in Fig.3‐5. Another form
of geomorphic structure, loess Karst is not common.
It could be seen that on the sides of the platforms,
ridges and domes are the steep slopes which could easily
slide in favorable conditions, such as infiltration of rain
water, irrigation water and earthquake effects. Generally,
loess landslides occur on the slopes steeper than 35º and
higher than 40meters. Our investigation in the northern
Shaanxi Province shows that 80 percent of loess
landslides occurred in slopes with dip angles exceeding
35º. As the slope angle becomes greater than 50º, failure
style is normally collapse‐sliding or purely collapse; the
slopes are stable for slope angles lower or close to 35º. The
sliding is more preferable to occur in concaves slopes.
The landslides are often continuously distributed on the
sides of the loess valleys as the side being the rims of
loess platforms, ridges and domes, hence forms the so‐
called “slide‐skirts” or “slide‐zone”. The loess slides on the
southern part of the valley with strike direction trending
East‐West are more than those on the north because of
its less sunshine effect and higher moisture content.

Figure.3 Loess platform

Figure.4 Loess ridges

Figure.5. Loess domes

Vertical Joint Structure
One unique structural feature of the Loess Plateau is the
existence of vertical joints (Fig.6), which is both primary
in origin due to loess formation by wind‐blown processes
and tectonic in origin due to neo‐tectonic movement
(Wang JM, 1985). Vertical joints in the loess deposits
constitute weak planes along which rainfall easily
infiltrate into the loess. The joints are the main erosion
path in the loess slopes especially on the margins of the
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platforms and ridges; the joints generally connect the
upper and the lower part of the slopes. Rainfall infiltrates
into the slope through the joints and moves down along
the joint planes as meet a relative impermeable bed as
paleosol, the water would move horizontally out on the
impermeable bed. As a result, a lot of sinkholes (Fig.7)
form on the slope surface with outlets appears on the
slope toe (Fig.8). The process enlarges the joints into
wide fissures which allow more water to flow in and form
temporary waterfall during rainy periods. Erosion along
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the joints not only affects the slopes, but also allows more
water to flow into the slope which essentially affects the
stability of the slope.

minerals. The connection is water‐sensible. As soaked in
water, the particles will lose their connection and also
disintegrate. At last, they become more fine granules and
fall in the holes (Figs.10, 12). This typical texture make
loess has a special quality of collapsibility, which means
as the loess has consolidated under given load, if soaked
by water, it will creates an additional depression.

Figure.6 Loess joints
Figure..9 Micro‐texture of undisturbed loess, rounded particles
of aggregation of silts support each other, pores are among
them.

Figure.7 Sinkholes on the ground

Figur.10 Micro‐texture after water soaked loess, the rounded
aggregations disintegrate, parts of them fall in the pores.

Figure.8 Erosion along loess joints

Loose Texture
Loess materials have a characteristic porous texture. The
upper Q2 and Q3 loesses, L1 to L2 generally have void
ratios of 0.8~1.1, that means the ratio of pores to solid
particles is about 1:1, so it is a very loose material. As
viewing on Scan Electric Micrograph photos, the micro‐
holes can be identified clearly (Figs.9, 11). The particles
are mainly aggregation of silts around the holes
contacting at points with weak connection by clay

Figure.11 Micro‐texture of undisturbed loess, a single pore.
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They are earthquakes, rainfalls, irrigation and civil
engineering activities (Li XS. & Li TL., 1997).
Earthquakes

Figure.12 Micro‐texture after water soaked loess, pores were
filled up.

The skeleton‐porous texture of loess formed in arid
climate, which has a relative high structural strength in
general condition. But the strength decreases obviously as
it is saturated. Therefore, continuous raining or irrigation
always causes large numbers of loess slides.

Triggering Factors of the Loess Landslides

The eastern part of the Loess Plateau is surrounded by a
major active zone. The eastern and southern part lies next
to the Fenhe and Weihe Rifts respectively, the north is
the Hetao rift, the west is the Yingchuan rift and the
southwest is the Liupanshan thrust structure. Five
earthquakes with magnitude of equal or larger than
8.0Ms degree occurred in these active zones. They are:
the 1303 Hongtong 8.0Ms in the Fenhe rift, the 1556
Huaxian 8.0Ms in Weihe rift, the 1695 Linfen 8.0Ms in
Fenhe rift, the 1739 Pingluo 8.0Ms in Yinchuan rift, the
1920 Haiyuan 8.5Ms in the liupanshan thrust zone (Fig. 2).
The latest and most catastrophic is the 8.5Ms
Haiyuan earthquake, which triggered 675 loess landslides
and killed more than 100,000 lives. The landslides formed
40 huge barrier lakes, with 27 of them still very active (Fig.
13) Extensive earthquake vibrations and liquefaction have
been considered to be the main triggering factors which
initiated the landslides. After the 2008 Wenchuan
earthquake, the area around the Loess Plateau has been
considered to be a potential region of strong earthquakes.

The loess landslides are initiated by four triggering
factors.

Figure.13 Landslide dam and barrier lake formed in 1920 Haiyuan 8.5Ms earthquake.(Subao Village, Xiji County, Ningxia autonomous
Region, Photo by Yin YP)

Rainfalls
Rainfall is a common triggering factor of landslides. The
Loess Plateau has an annual precipitation between
450mm to 720mm, which is not really high. High rainfalls
are recorded between June and September and often
occur as storms. Most of the loess landslides are related
to rainfall effect, but loess has a very low permeability.
The coefficient of permeability of loess is generally lower
‐4
than 10 cm/s. In situ observation and test indicates that
the depth of the saturated zone at the loess ground
generally no more than 1m even after a long term of
raining, as figure 14 shows. However, the vertical joints on
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the tops of loess slopes are the main for the rainfall down
moving. Erosion along the joints forms sink holes and
opened fissures to permit much rain water flowing in
(Fig.15). As the water encountering a relative
impermeable bed, such as paleosol, Tertiary red clay or
bed rock, it would accumulate on the bed to soften the
soil and induce landslide.
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Irrigations

Figure.14 Ground saturated zone after decades of intermittent
rainfall, the observed site is located in Ganquan County, Shaanxi
Province

With developing of the irrigation systems in the loess
region in recent 40 years, agricultural irrigation has
become a prominent agent to induce landslides. Hei‐Fang
platform in Gansu province is a typical area for this case.
The platform is composed of two high flat lands with the
total irrigation area of 13.4 km2. Since the irrigation
system began to run in 1968, the loess landslides around
the platform occurred frequently. Investigation revealed
that in the 15 years between 1968 and 1983, 15 landslides
occurred with average 1 one a year which are relative
small in dimension and short in run distance with run‐
out length between 20~50m, in the 6 years between 1984
and 1989, 15 cases occurred with average 1.5 ones a year
which are larger in dimension and longer in run distance
with run‐out length between 50~100m, in the 9 years
between 1990 to 1998, 31 cases occurred with average
ones a year which are large in dimension and far in run
distance with run‐out length between 250~400m.
According recently investigation, the 10km long margin of
the Hei‐Fang platform has 72 landslides.( Fig.16)
The landslides caused reduction of farmland and
loss of lives and properties. In about 40 years, more than
1km2 area of the top land of the platform slid away,
caused 20 more person death and injured.

Figure.15 The flow of rain water along vertical joint in the loess,
root also grows along the joint.

Figure.16 The landscape of Hei‐Fang platform

In the Guanzhong irrigation area of central Shaanxi
province, there is the same problems. Guanzhong
irrigation area is accords with the Weihe rift area. There
are many pieces of highlands among the branches and the
trunk of the Weihe River in the rift area, those highlands
are the dissected loess platforms. The surfaces of the most

loess platforms are irrigating farmlands. The area has a
long history of irrigation and now has a very dense canal
system. Leakage of the canals and free‐flow irrigations
induced a large number of landslides at the side slopes of
the loess platforms, such as the north sides of the loess
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platforms at the south of the Jinghe river(Figure 17), Bahe
river, and Weihe river.

Figure.17 The topography of the south bank of Jinghe River and
the north side of a loess platform with the slope height of 70‐
90m and slope angle of 50‐70°. The top is an irrigation farmland,
which often induces landslides at the side .

Engineering Activities
Engineering cut mainly carried out in highway and
railway infractions, as well as dwelling sites.There are 4
main national highways and many other provincial roads
as well as 3 railways rendering on the Loess Plateau
connecting this region to the around of the country.
Construction of the roads induced a large number of
landslides and caused a huge loss. Tongchuan‐Huanglin
highway is the first high grade road constructed on the
Loess Plateau. In the period of design, the landslide
problem was far low estimated; only 3 landslides were
designed to stabilize. While the highway being
constructing, there were 27 landslides occurred actually.
More than 200 million yuan RMB was added to control
the landslides. Almost all kinds of measures, such as piles,
pile‐anchors, block‐anchors, frame‐anchors, beam‐
anchors and retaining walls, were practiced in the
landslides (Fig.18).

Figure.18 The piles applied to stabilizing a landslide on the
Tongchuan‐Huanglin highway

In addition, the people in the loess area have a
tradition from ancient time to live in digging caves
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(Figure19), which also induced slides to cause a large
number of causalities as not properly worked out. The
living caves mostly dig either on the top or on the foot of
a slope around platforms or ridges. As there are a good
drainage ways around living caves to get rid of water
penetration, and the thermos released by living activity to
keep the soil of the inner wall always dry, the living caves
are solid enough to living. But people often neglect some
potential or unseen intakes of water, so landslides often
damage living caves and kill peoples in loess area. In
recent years, the living caves destroyed and people killed
by loess slides every year, especially in autumn. Our
investigation revealed that about 380 were killed and 70
injured in the collapse of 400 living caves during 1985 to
2010. Figure 20 shows a new excavated site for digging
living caves. It can be seen that the toe of the north side
has been split to slices by the concentrated stress, the
west side has a shearing plane at the top by unloading,
and the east side has dug caves at the toe.
All the traces imply that the slope close to equilibrium
state,digging of the caves would cause damage without
reinforcement.

Figure.19 The living caves (Abandoned) in the top and the foot
of the loess slope
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Figure.20 A new excavated building site located in Longshou village, Huanglin County, Shaanxi. The west side has a shearing plane at
the top by unloading (a);The toe of the north side was spited to slices by the concentrated stress(b).

The hazards of Loess Landslide on the Loess Plateau
Loess landslide is a prominent geological disaster in the
Loess Plateau, which caused deaths of lives, damage to
lifelines, transportation routes and destruction of
farmlands.
Causing direct death of lives
The reports of the loess landslides caused causalities are
released almost every year. Of which, the Saleshan
landslide in Gansu Province broken in 1983 is the well
known one, which is a high rapid long run‐out slide with
the run distance of 1600m in a few minutes. The landslide
destroyed four villages, took about two hundred and
seventy‐seven lives and three hundred domestic animals,
and filled up two small reservoirs. In 2005, another loess
landslide occurred in Shuidonggou village, Jingxian
th
County, Shanxi Province on May 9 killing twenty‐four
people. In 2006, the loess flow‐slide occurred in Gaolou
village, Huaxian County, Shaanxi Province on October 6
killing twelve people. In 2009, a loess landslide occurred
in Lanzhou city, Gansu Province on May 16th killing seven
people. In 2010, another geodisaster occurred in Shigou
village, Zizhou County, Shaanxi Province on January 10
killed twenty‐seven people. In 2010, the accident occurred
in Baqiao district, Xi’an city on September 17 killed thirty‐
two workers of two factories located at the foot of a slope.
The population in loess area is relatively dense.
Before 1980’s, almost all peasants, even rich ones, lived in
living caves, but now most of them move out to live in
houses, even buildings, which did not reduced the
casualties by landslide. Because of house land limitation,
most of the new houses were built on the foot of slopes.
Cutting of slopes for enlarging sites and keeping the
wasted living caves still open often make the houses in
front the slope in danger.

Route and many other oil Transfer Routes between
gathering wells and oil refining plants. Landslides are the
most headache problems in the route lines.
Figure 21 shows a tunnel crossing a loess ridge in
the West‐east Gas Transfer Route. As the tunnel was
driving in June 2002, after 30 hours continuously raining
of 60mm rain fall from June 8 to 9, a collapse fell down to
cover half of the opening of the tunnel, further more, a 60
meters high, 100 meters width slide was appeared on the
slope. The cracks bordering the slide opened 10‐30
centimeters, and the top part of the sliding mass fell
down 60~80 centimeters. The steel supports and the
inner line were seriously twisted (Figure 22). At last, the
tunnel was abandoned; instead of entombing along the
river valley beside, more than 10 millions Yuan RMB was
added for the revision.

Figure.21 Collapse and slide occurred in the opening as the
tunnel being driven after a heavy rain.

Damage of lifeline
There are plenty of gas and oil transfer routes entombed
underground on the Loess Plateau, such as the West‐East
Gas Transfer Route, Jingbian‐Beijing and Jingbian‐Xi’an
Gas Transfer Routes, Jingbian‐Xianyang oil Transfer
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Figure.22 Steel supports were twisted by deformation of the
inner wall of the tunnel.

Figure.24 The Jinghe river bed was squeezed up by the landslide.

Another big accident being gotten rid of is that a
landslide on the Jingbian‐Xianyang oil Transfer Route
which crosses the whole Loess Plateau with 460
kilometers long. To the north of Xianyang City, the route
was designed crossing beneath the Jinghe River and then
climbing up a 90 meters high slope which is the north
side of Jingyang Plantform. A series of linear distributed
sinkholes and cracks developing on the top of the slope
told us a potential huge landslide was there. Then we
persuaded the designer move the route a kilometer away
on a stable old landslide, even though the route should
be elongates 3 kilometers and costs 6 millions Yuan
additional money. The oil route was completed and put
into work in the beginning of year 2002(Figure 23), while
the slope slipped in March 2002, with irrigating on the
top of the platform. The slide not only fell 50 meters
down, but also squeezed the Jinghe River bed to thrust
up(Figure 24). It would be a disaster as the oil route was
entombed on the original site.

Obstruction of transportation
The Loess Plateau is located in the central of China. The 4
main national highways and the 3 railways of Long‐Hai,
Bao‐Zhong and Xi‐Tai connecting this region to others
around the country. Because of the complicated
landforms and rapid highway and railway development,
construction of the road induced a large number of
landslides and caused huge loss. On Tongchuan‐
Huanglin highway, there were 27 landslides occurred
during construction in 1990s. Almost all kinds of possible
measures, such as piles, pile‐anchors, block‐anchors,
frame‐anchors, beam‐anchors and walls for anti‐sliding,
were practiced in the slides. Unfortunately, part of the
control structures was invalid at last. Since the road was
completed to utilize on May 2001, it has troubles in every
rain season, some of the piles were broken down, and
some of the anchors were pulled out, and the slides were
still moving foreword. The reason of the failures is that
drainage system is not sufficiently available, both ground
and underground. In any cases, drainage of water is the
most necessary, but simple and less cost measure in loess
sliding control because of its sensibility to water. After of
all, all the roads passing the Loess Plateau face the
problems of landslides which either large or small
(Figs.25&26).

Figure.23 The landslide on the north side of Jingyang loess
platform occurred in March 2002.

Figure.25 The damaged beam‐anchors for stabilizing the
landslide
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Now there are still 20 potential landslides creeping
in dangerous state. Because local government pays much
attention to the slide zone and set ones on duty to
observe the change of the slope. They gave alarm to the
villagers on time, so relative few people dead in the
slipping along this zone. In recent years, Large slides
almost happens every year in the fall , the follow
photos(Figs.27 &28) shows the ones in 2002 and 2006.

Figure.26 A loess slide in No.309 National Road (K2075+100)

Railway has the same problem. The 150km length of
Baoji‐Tianshui railway has 22 landslides, of which 13 ones
are loess slides. Wolongsi landslide, slipped on August
8,1955 near Baoji City, is the largest one on the railway
line. It is primary an old landslide, re‐slipping after
several days rainstorm. The slipping process continued
half an hour. The railway on the foot of the slide was
pushed forward 110 meters, and all the living caves,
houses and farmland on the slide were destroyed. The
slide has size of 20 million cubic meters and area of 3.3
million square meters. In addition, landslides often cause
railway accidents on the Loess Plateau.

Figure.27 A loess slide in South bank of Jinghe River sliding on
May, 2003. Slipped away 80mu,aand covered 200mu farmland

Deduction of farmland
Land‐slipping is a kind of gravity erosive process, which
not only moves away the good land on the top of the
slope, but also covers that on out of the slope foot. With
the landslide progressively developing, the cultivable land
is decreasing, which is so‐called “worm‐eating” of the
farmland. The process is more severe on the side slope of
loess platforms. Generally the top of the loess platform is
gentle and suitable for irrigation, while the foot of the
side slope is first terrace of river, which has very loose
deposits and shallow ground water. The slides in such a
condition have a high rate and a long run distance.
Landslides along the platform are almost continuously
distributed, forming slide zones along the sides of
platforms. There several such slide zones around Xi’an
city, such as North bank of Weihe River slides zone;
South bank of Jinghe River slides zone, South bank of
Bahe River slides zone, North bank of Chanhe River slides
zone.
Take the South bank of Jinghe River slides zone as
example. This slides zone extends 45km long east to west.
Because of side erosion of Jinghe River, the slope has dip
angle of 45‐70° and 70‐90meters high. The top is the
gentle Jingyang Platform, a good irrigating farmland.
Since the irrigation system was built up in 1976, large
amount of water penetration caused hundred of slides
along this zone, of which the large slides with size of
greater than 30 thousands cubic meters are 30 more.
Until present, the total size of the sliding mass is 45
million cubic meters, 30 persons dead, 240 living caves
damaged and nearly 1000mu farmland on the top slipped,
2500mu farmland on the foot of the slope covered.

Figure.28 A loess slide in South bank of Jinghe River sliding on
April, 2006. Covered 5mu farmland

Countermeasures for the loess landslides
Hazard Risk Management
Now we pay too much attention to the engineering
countermeasures and skills to control landslides when
the hazards of landslide coming. However, as
investigating origins of the hazards, it is not surprised
that most of them were related to human activities. So,
“A Great Debate” on the topic of “Disaster Mitigation Is A
Waste of Money” was conducted at the end of the 2010
11th IAEG conference. I agree with the point of view
because “People are the main problem” just as some
delegates argued(Sergio M; Kalsnes B, Nadim F, Lacasse
S,2010). We make the disaster today with a little money;
we cure them tomorrow with great money. Is it a waste of
money? Therefore, hazard risk management should be
more essential than hazard mitigation, which means we
should control the action of ourselves to keep from
producing new hazards in the long run. So reasonable
planning of land use, immigration of the people out of
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hazard threatening, improvement of ecological
environment, innovation of irrigation skill may be more
significant. The government has stepped going on but far
more from the necessity of economic development.
Since 1990s, the government has been prohibited to
herd on the loess slope of steeper than 25° on the Loess
Plateau instead of planting trees. Now the north of Loess
Plateau is greener than before. Covering of vegetations
would obstruct erosion of loess to improve stability of
slope.
Since 2008 Wenchuan 8.1Ms earthquake and
thereafter 2010 Zhouqu huge debris flow, the government
has appropriated special funds for immigrating the
people suffering inclement geological conditions to the
new planned site. But some planned sites were still
unsuitable for residence, hazards triggered by
construction at the new site made the problems severe.
Because the land resources are owned by government,
but held by privates, which limits the choice of
reasonable sites in a broad range. So the problems may be
solved under further reformation of the land policy.
The present overflow irrigation way applying in
most farmland on the Loess Plateau not only wastes
water resource, but also induces landslides. Replacement
by dropping or spraying irrigation could create more
social and economic benefits.

Figure.29 An extensometer installed at a landslide in Heifangtai,
Gansu province

Conclusions
1. Loess landslide occurred extensively on the Loess
Plateau due to the topographic effect, vertical joint
structures, loose texture and water sensibility.
2. Loess landslides are triggered by earthquakes, rainfalls,
irrigations and engineering activities. Most of the
landslide hazards are caused by human activities.
3. The countermeasures for landslide hazards should be
hazard risk management for controlling man‐made
hazards, such as reasonable planning of land use,
immigration of the people out of hazard threatening,
improvement of ecological environment, innovation of
irrigation skills and best design for constructions.
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Abstract Paper is discussing the theory, manifestations,
consequences and methods of prediction of cryogenic
landslides in the Arctic plains of Russia. It is based on the
long‐term field study at research station “Vaskiny Dachi”
in Central Yamal, as well as occasional observations in
other areas. Two main types of cryogenic landslides can
be subdivided depending on the mechanism of
displacement. Landforms resulting from landsliding
appear at various stages of development simultaneously.
Consequences of landsliding manifest there self in
distribution of vegetation types, salinity of soils, thermal
properties of permafrost, drainage system, salinity of
ground and surface waters, as well as triggering other
types of processes related to permafrost and ground ice.
Prediction of landslides in natural conditions is based on
the study of landscape susceptibility to landsliding,
estimated after the hazardous event of landsliding in the
Arctic plains all over the world in 1988‐1990.
Keywords Arctic plains, cryogenic landslides, ground ice,
ionic composition, landscape, permafrost, surface
dynamics.

Specific aspects related to a strong impact of
cryogenic landslides on all the components of geosystem:
vegetation, soils, active layer, ground water, and ground
temperature were analyzed in a number of Russian
publications (Ermokhina, 2009; Khomutov. 2010, 2012;
Leibman, Streletskaya, 1997; Leibman et al., 1993b, 1997;
Rebristaya et al.,1995; Streletskyi et al., 2003; Ukraintseva,
Leibman, 2000, 2007; Ukraintseva et al., 2000, 2003).
Main topics of landslide study in the Arctic plains
were (1) discovery, description and morphometric
classification of the landslides; (2) mapping the landslide
distribution at the study polygon about 90 sq.km in size;
(3) determining the age of landslides and cyclicity of their
formation, classification of landslides according to their
age; (4) suggesting mechanisms, forcing factors, triggers
of landsliding, classifying landslides by mechanism, (5)
understanding consequences of landsliding found in the
soils, vegetation, waters, topography and cryogenic
processes of other mechanisms, and finally (6) finding
the ways of mapping and predicting landslides through
estimation of the landscape vulnerability to landslide
activation.

Introduction

Key site characteristics

In permafrost regions, the downslope movement of
seasonally thawed ground has been widely reported. One
of the most complete reviews covers the period up to
1964 (Kaplina, 1965). Later works by French (1976),
Ananieva (1984), Lewkowicz (1988, 1990), and others deal
with the mechanisms of the movement in different
environments and soil types. In Russia detailed study was
undertaken after the widespread landslide event in the
North of West Siberia, especially on Yamal Peninsula in
1989 (Leibman 1994, 1995, 2004a,b; Leibman et al., 1991,
1993a, 2000, 2003; Romanenko, 1997; Voskresensky, 1999).
Forcing factors and mechanisms are analysed in
(Leibman, Egorov, 1996). General aspects of cryogenic
landsliding within the Arctic are discussed in
(Bolikhovsky, Kuntsel, 1990; Harris, Lewkowicz, 2000;
Kokelj, Lewkowicz, 1998; Poznanin, Baranov, 1999). The
latest monograph reviewing previous knowledge and
suggesting classifications and mechanisms based on
extensive field study in the Kara sea region is published
by (Leibman, Kizyakov, 2007).

Vaskiny Dachi research polygon is located at the
watershed of Se‐Yakha and Mordy‐Yakha rivers (Fig. 1),
and comprises a number of highly‐dissected alluvial‐
lacustrine‐marine plains and terraces in which a number
of hazardous processes operate, such as thermal
denudation and landsliding. The deposits are sandy to
clayey, most are saline within permafrost, and some are
saline in the active layer. Massive ground ice: tabular ice
and polygonal ice wedges, are widespread within the
geological section. Periphery of hilltops are occupied by
windblown sand hollows, covering huge areas. Saddles
between the hilltops are covered by polygonal peatlands.
Maximum elevations are up to 58 m. Maximum depths of
dissection comprize 20‐50 m.
Up to 60% of the study area is represented by gentle
slopes (gradient less than 7 degrees), steep slopes (more
than 7 degrees) occupy about 10% of the area, the rest
30% being hilltops, river valleys and lake depressions.
Study area is characterized by continuous
permafrostup tp 400 m and even more. Average annual
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ground temperature at the depths of zero annual
amplitude ranges between 0 and ‐9°C.

Krizek, 1978). In permafrost zone water saturation is
provided by atmospheric precipitation together with the
melt of ground ice in the active layer or upper permafrost.
The shear surface coincides with the lithological
boundary or with permafrost table depending on which is
closer to the surface (Leibman et al., 2003).

Fig 2 Active‐layer detachments at the research polygon “Vaskiny
Dachi” on Central Yamal

Fig 3 Thermocircue, first discoverred in 1993 (Leibman, 1995)
and renovated by retrogressive thaw slumps in 2010 (photo by
A.Gubarkov)

Fig 1 Key site “Vaskiny Dachi”, Google view

Cryogenic processes observed in the area are
connected to tabular ground ice found in geological
sections at the depths of 1 to 25 m practically everywhere.
Most widespread processes observed in the study area are
landsliding of various types and thermoerosion due to
prevailing of slopes. Cryogenic landslides (active layer
detachments) showed extremely wide activity in August
1989, up to 400 new landslides appeared in the area of 90
square km (Leibman, Kizyakov, 2007, Fig. 2).
Last years, since 2006, due to warm summers several
new exposures of tabular ground ice formed by landslide
activity (retrogressive thaw slumps, Fig.3).

Mechanisms and classification of cryogenic landslides
Landslides in general are known to be triggered by
high pore pressure due to water saturation (e.g. Schuster,
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Definition of landslides involves a concept of excess
pore pressure. The cause for a high pore pressure is at the
same time an indicator of a landslide mechanism.
For Arctic plains, such as North of West Siberia, we
subdivide two different mechanisms of landsliding, two
sets of forcing factors, triggers, and landforms. The name
of process in a reference to the mechanism of landsliding
in Table 1 is translation of Russian terms (in the
parenthesis are more or less equivalent terms used in the
English cryogenic‐landslide literature).
Cryogenic translational landslides (CTL) are
resulting from rapid thaw of ice‐saturated deposits at the
active layer base (transient layer after Shur, 1988).
Accumulation of segregation ice at the active‐layer base
and formation of the transient layer is due to the active
layer depth decrease in the course of several years cooling.
Intensive heat flux in the late summer and heavy rainfalls
linked to this period both cause relatively rapid thaw of
the icy layer at the active‐layer base, excess water
accumulates in the active layer because of low filtration
ability of silty soils, and pore pressure rises dramatically.
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Gravity causes displacement of blocks, broken up by frost,
desiccation, or edge cracks, “floating” on the layer with
excess pore pressure (Leibman, Egorov, 1996). Blocks
preserve integrity due to structural bounds, formed by
multiple freeze‐thaw, drying‐liquefaction and desiccation
of the middle portion of the active layer by two‐sided
freeze back (Lewkowicz, 1990, Leibman, 1995).
Table 1 Mechanisms and classification of cryogenic landslide
process
Cryogenic translational
landslides (active‐layer
detachments, block glides)
Rather dry and dense
sandy‐silty active‐layer
deposits
Result of upward freezing
of the active‐layer and
subsequent thaw of the ice
at the active‐layer base
Interannual active‐layer
dynamics
Landslide body is a one
piece or broken into
several pieces block with
well expressed vertical
sidewalls along the
perimeter

Cryogenic earth flows (mudflows,
retrogressive thaw slumps)
Water‐saturated viscous‐flow
silty‐clayey active‐layer deposits
Result of massive ice and/or ice‐
rich permafrost thaw

Local lowering of permafrost
table
Landslide body is a spread flow
with parabolic outlines, floating
pieces of turf (sod) with shrubs
on top

Cryogenic
earth/mud
flows
CEF(viscoelastic)/CMF(viscofluid) are resulting from
thaw of the massive ground ice. CEF/CMF are also
referred to as retrogressive thaw slumps. This type of
sliding mechanism is linked to the areas where massive
ground ice is close to the surface and is occasionally
involved into seasonal thaw through the natural or
technogenic disturbance, or noticeable summer warming
(Fig. 3). At the exposures, thawing ice causes failures of
overlaying deposits liquefied by meltwater and producing
mudflows with pieces of turf, floating ontop the flow.
When exposures are covered with talus, portion of
meltwater is absorbed by slope deposits and earth flows
form (Leibman, Kizyakov, 2007).
Differently from CTL, CEF/CMF can develop every
year until massive ground ice is within the zone of
seasonal thaw. CMF are formed during the entire warm
period at the ice exposures, CEF form only during warm
years, mainly at the end of the warm period under the
maximum thaw depth. Rain water is not as crucial for
CEF/CMF, because massive‐ice melt‐water provides
enough moisture for embodiment of the landslide
potential on slopes (Kizyakov, 2005; Kizyakov et al.,
2006).
Landslide‐affected slopes present a specific set of
morphological elements (Fig. 4, 5): Hill tops and stable
slopes, not affected by landslides (background); Cirque‐
shaped depressions, landslide scarp and shear surface
(denudation zone); and Deformed hillocks and terraces,
landslide bodies (accumulation zone).

Fig 4 Landslide‐affected slopes on the aerial photos (left pane)
and maps (right pane) at Central Yamal. A, B and C,
undisturbed hill top, shear surface, and landslide body,
respectively

Dating cryogenic landslide events
The idea is to determine the time intervals between
stages of landslide development. This time is required for
the slope to accumulate critical strain and to prepare for
the next stage of activation. The method used to
determine the age of landslides of various generations is
by dating soil, turf, humus, wood, buried by the landslide
and exposed in trial pits and boreholes.
A case study at one of the landslide cirques (Fig. 5)
was aimed at dating a series of landslides from modern to
more than 2000 years old. Dating of each landslide event
within one slope system shows the time needed for
“preparation” of the slope for the new active‐layer
detachment, in coincidence with specific climate
conditions. The “preparation” period, is needed for: (a)
formation of a transient layer at the active‐
layer/permafrost interface, at least one cold and wet
summer preceding the next colder summer with less
seasonal thaw, (b) re‐vegetation and strengthening of the
organic mat, which maintains deposits as a single rigid
body, resistant to strain except along the shearing zone,
(c) leveling of erosion channels on the shearing surface of
the previous landslide, for better moisture saturation and
high pore pressure.
Radiocarbon dating
Buried by a landslide body turf‐soil‐vegetative layers are
found in the profile (Fig. 6). Radiocarbon dating was
undertaken to date ancient landslides with poorly
expressed features. Analyzed were buried turf, humus,
peat and willow branches, which were collected from
several pits within an etalon landslide cirque (Figs. 4 and
14
5). Laboratory C tests were performed at the Isotope
geochemistry and geochronology laboratory of Geological
Institute, Russian Academy of Sciences (GIN RAS),
Moscow, by L.D.Sulerzhitsky with assistance of
A.I.Kizyakov, M.O.Leibman and N.E.Zaretskaya (Table 2,
Leibman et al, 2000, 2003; Leibman, Kizyakov, 2007).
Turf collected in the pit 22 (Fig. 7) from a depth of
78‐81 cm has a 14С age of 2250±100 yr BP (GIN‐11300,
Table 2). It is the most ancient date obtained at the
studied landslide cirque. At the same pit, at 45‐64 cm
depth, the second horizon of buried soil showed an
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average 14C age of 1880±120 yr BP (GIN‐11299, Table 2).
Proximity of the age of this soil to the date obtained at
the pit 13 (Fig. 7, 1790±140 yr BP, GIN‐10315, Table 2)
suggests that a single soil unit was buried by a landslide
of the second generation.

The age of the buried humus lenses at a depth of 48‐54
cm is 1000±60 yr BP (GIN‐11301, Table 2), and the age of
the discontinuous turf horizon at a depth of 63‐65 cm is
700±40 yr BP (GIN‐11302, Table 2). Inversion of dates has
been observed at this point, younger organic materials
have been buried by older ones. This is explained by a
“catterpillar” effect in the frontal zone (Fig. 8). In the
immediate proximity at the depth of about 60 cm, there
are soils with dates of 1360±40 and 700±40 yr BP (Table 2,
Fig. 7).

Fig 5 Etalon landslide cirque with radiocarbon dating,
dendrochronology, soil and geochemical studies

Fig 7 Etalon landslide cirque with radiocarbon dating,
dendrochronology, soil and geochemical studies, map by
A.Kizyakov

Fig 6 Organic matter is represented by buried under a landslide
body ground cover and peat
Table 2 Results of radiocarbon dating by GIN RAS in a landslide
cirque (Fig. 7) (Leibman et al., 2003)
Pit
#
(Fig. 5)

Depth,
cm

Material

14C
Age,
years BP

Laboratory
Code

AK9
AK13
AK15
AK16
AK16
AK22
AK22
AK23
AK23

82‐88
40‐45
57‐67
42‐51
42‐51
45‐64
78‐81
48‐54
63‐65

peat
peat
peat
peat
wood
humus
humus
humus
humus

1060±70
1790±140
1360±40
700±40
330±40
1880±120
2250±100
1000±60
700±40

GIN‐10314
GIN‐10315
GIN‐10316
GIN‐10317
GIN‐11298
GIN‐11299
GIN‐11300
GIN‐11301
GIN‐11302

During the third stage of the landslide cirque
development, the landslide, defined by buried turf
discovered at pit 15 (Fig. 7) at the depth 60 cm, happened
at 1360±40 yr BP (GIN‐10316, Table 2). Pit 23 (Fig. 7) is a
duplication of pit 15 and two dates were obtained here.
40

Fig 8 The zone in the circle (which is about 20 cm in diameter)
is where older soil is resting on top of younger turf

At the foot of the slope, the age of the buried turf
was determined to be 700±40 yr BP at pit 16 (GIN‐10317).
Buried willow branches were collected from the same
horizon at the same location, and their age was found to
be 330±40 yr BP (GIN‐11298).
This experiment showing the difference in soil‐turf
and wood dates from the same depth at pit 16 proves the
suggestion that it takes at least 330 years for organic mat
to form in the climatic and landscape conditions of the
study area (700 years of average turf age minus 330 years
of branches age, and minus maximum 40 years of the
willow life span). Finally, the last stage of landslide
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activity is represented by the landslide of the sixth
generation, which happened in 1989, and is dated by
direct observation (Fig. 9).

and cross‐dating performed for samples from different
parts of one shrub (Gorlanova, 2002).
Actually dating young landslides by tree‐rings was a
pioneer study (Leibman et al, 2000, 2003; Gorlanova,
2002). Examined were 120 cross‐sections of 55 willow and
dwarf birch shrubs. It was found that ring pattern reflects
both favorable and poor conditions for growth depending
on the position against the morphological unit of the
landslide as well as local features (cracks, folds, drainage
or moisturizing). Criteria for landslide dating are shown
in Table 3.
Table 3 Criteria for landslide dating by tree‐ring method (after
L.A.Gorlanova, 2002)

Fig 9 Possible pattern of the landslide cirque development (after
A.I. Kizyakov, 2005)

Dendrochronology
It was established that landslides could repeat in the
same place after several centuries pass, and willow shrubs
are no older than 100 years, they can’t be used to
determine the age of older landslides, but they can be
used to estimate the impact of landslides on their growth.
This was determined by analysis of ring width in relation
to summer temperature and position on the
morphological element of a landslide slope.
The age of willow branch slices collected by the
authors, was determined by L.A.Gorlanova in the
Institute of ecology of plants and animals, Ural Branch of
the Russian Academy of Sciences according to the
methods developed by (Shiyatov, Gorlanova, 1986;
Gorlanova, 2002).
Study objects were willow shrubs Salix lanata L and
S.glauca L, as well as Betula nana L. As root system of the
shrubs in permafrost is close to the surface, active‐layer
detachments allow willows to continue growing in the
new place, while detachment and change of the position
affects annual rings width and shape.
Samples from the young landslides of known age
due to direct observation allow studying mechanisms of
landslide impact on willow annual rings. Samples from
ancient landslides can be interpreted using results
obtained at the dated landslides (Gorlanova, 2002;
Leibman et al., 2000, 2003). Thus the period of possible
stresses to which a shrub within a landslide body or near
the landslide shear surface was subject would not exceed
100 years, more likely 50‐80 years. Sampling was
undertaken along the transects starting at the stable
surface of the hilltop down across the slope (shear surface
and landslide body, its front swell and ends at the
undisturbed foot slope. Analyzed were cross‐sections of
the branches, subterranean stems and tillering nodes at
the shrub base. Diagrams of annual growth were built,

Tree‐ring
pattern

Growth
controls

Landslide
element*

1.
Sharp
decrease in
annual
growth
speed and
mechanical
injury
of
roots and
branches

Changes of А1
soil,
hydrology,
and
A2
irradiation,
deformation
of
a B3
landslide
body during
movement
down slope
C1
C3

Years and number of
samples with
observed tree‐ring
pattern
1970, 1980, 1988,
1989
1924, 1953 (2), 1954
(2), 1956, 1982, 1989,
1990 (4)
1957 (2), 1959, 1965,
1967, 1971 (2), 1977,
1978, 1980 (2), 1981,
1986 (2), 1989 (2),
1990
1989, 1990
1952, 1956, 1957 (2),
1964, 1975, 1976,
1977 (2), 1980 (2),
1986, 1987, 1988 (2),
1989 (2)
1957, 1970, 1981

2.
Sharp
increase in
annual
growth
speed and
formation
of
new
sprouts

Rootage of
branches,
improve‐
ment
of
soils
and
water‐
thermal
regime

A1

3.No
response

No relation
between
the growth
conditions
and
landslide

A1

1922, 1987, 1990 (2)
1923, 1955, 1960,
1961, 1981 (2), 1990
1982, 1990
1925, 1927, 1929,
1953, 1954, 1955,
1956, 1957, 1972,
1981 (2), 1982, 1988,
1989, 1990
no

A2

5

B3

2

A2
B3
C1
C3

C1
C3

no
4

* A1 – Stable surface close to the landslide scarp; A2 – The same, far
from the landslide scarp; B3 – Re‐vegetated surface of the ancient
landslide shear surface; C1 – A body of a young landslide; C3 – A
body of an ancient landslide

It follows from table 3 that in the shrubs growing on
the young landslides (that of 1989) there are sharp
changes in the annual growth in the year of the landslide
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event and the next year, both positive and negative at
various parts of the body. Yet it should be noted that
landslide activation is linked to warmer and wetter
summers which are also favorable for tree‐ring growth.
Diagram on Fig. 10 reflects the number of shrubs with
well developed positive responses (increase in annual
growth speed and formation of new sprouts) as well as
negative responses (decrease in annual growth speed and
mechanical injury of roots and branches). Correlation of
the tree‐ring growth curves with the normalized summer
temperature (equal to proportion of the maximum
summer temperature during the period of weather
observations, Leibman, Egorov, 1996), as well as with the
normalized summer precipitation, shows the following.
Both high summer temperature and high summer
precipitation as a rule are favorable for annual growth
speed. Yet, the highest number of samples with
maximum and minimum growth speed does not always
correlate with the highest and lowest summer
temperature and precipitation. For example, many
samples with the positive annual growth response is
noted in 1990, 1981, 1953 and 1970 (Fig. 10). Normalized
summer temperature in the same sequence decreases and
is less than average values: 95, 74, 79 and 45% of
maximum. At the same time, precipitation in the same
sequence change as follows: 60, 29, 77 and 32%, which is
much lower than average.

Fig 10 Relation of tree‐ring growth speed at the polygon
“Vaskiny Dachi” to the normalized mean summer air
temperature in 1929‐1990 calculated from Marre‐Sale weather
station records (only for years with noticeable accretion): 1,
samples with increasing accretion; 2, samples with decreasing
accretion; 3, normalized to maximal for the period of records
mean summer air temperature; 4, the same for summer
precipitation

An essential number of samples with the negative
growth speed is noted in 1989, 1990, 1980 and 1957. These
years are characterized by the norm of summer
temperature equal to 95, 95, 41, and 82% respectively (for
precipitation 82, 60, 39 and 49%). Thus, close to
maximum summer temperature in 1989‐1990, also
characterized by high summer precipitation, resulted in
decrease of the ring growth speed instead of expected
increase, which doubtlessly is a result of hazardous
activation of landsliding in 1989.
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The tree‐ring growth speed analysis allows
concluding that in the landslide cirques under study in
addition to the known landslide event of 1989 (with
positive response in 1990) were earlier events in 1980
(with positive response in 1981). Possibly, the negative
response of tree‐ring growth speed in relatively warm
1957 was also connected to the landslide activation.

Geochemical consequences of cryogenic landsliding
The consequences of cryogenic landsliding are observed
when studying shear surfaces of the landslides, ground
and surface waters, soils and vegetation of the landslide
shear surfaces.
One of the landslides of 1989 was chosen to study
redistribution of ions in the newly exposed by a landslide
active layer. The vertical migration and horizontal wash
away of readily soluble salts started after the landslide
event (Leibman, Streletskaya, 1997; Tentyukov, 1998;
Ukraintseva et al., 2000).
Samples were collected from the core of shallow
boreholes and their ionic composition tested to analyze
redistribution of water‐soluble salts in the newly formed
active layer. Several shallow boreholes were drilled in
1994. Considered were two boreholes located on a
shearing surface, borehole #2 at the wet site, in the
sediment accumulation zone, and borehole #3 in the dry
site, the zone of active erosion, and thus well‐drained
(Fig. 11).
The same landslide area was under study in summer
2001. Sampling was undertaken in a background borehole
#1 on an undisturbed surface to characterize a stable
slope. Boreholes #2bis and #3bis correspond to old ones
#2 at the wet site, and 3 at the dry site, respectively. The
results of repeated chemical tests are compared to reveal
the dynamics of the ionic migration through a geological
section.
Background borehole #1 (2001) characterize the
active layer and upper permafrost. It is clear from the
diagram (Fig. 12), that there are two horizons of
salinization. Near‐surface salinization is due to salt
migration upward in winter and capillary rise in summer.
The second near the active layer base is resulting from
the accumulation of salts on a geochemical barrier of
permafrost table. The soluble salt content in perennially
frozen deposits at the depth from about 95cm downward
is practically similar in all three boreholes (0,6–0,8%).
This, probably, proves the similarity of the initial ionic
distribution at the landslide and background site before
the landslide event.
The active layer of the shearing surface contains as a
whole more soluble salts (0,3–0,6%) than the undisturbed
area (0,04–0,2%), and the amount of salts increases with
the depth (borehole #2, Fig. 12b; and #3, Fig. 12c).
The distribution of soluble salts through the active
layer of the shearing surface is rather similar at the dry
and wet conditions. There is capillary rise of ions to the
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surface and evaporation on the wet site (Anisimova 1981),
and then washing away by surface run‐off (Fig. 12b).
Intensity of this process is seen from rather low soluble‐
salt content at the active layer base (0,5% at 65cm, Fig.
12b) compared to the dry site (0,65% at 75cm, Fig. 12c).
The active layer base of the wet site loses its salts due to
subsurface runoff through the post‐cryogenic cracks
where the rate of filtration is abnormally high (Leibman
et al. 1993a, b). That is why the salt content there is much
less in 2001 compared to 1994 (Fig. 12b, boreholes #2 and
2bis).

Fig 11 Scheme of borehole localization in relation to a landslide,
in profile and plan. Boreholes: #1 on the undisturbed surface
(“benchmark”); #2 on concave poorly drained shearing surface
(“wet”); and #3 on convex well drained shearing surface (“dry”)
of a landslide

The dynamics of total salinity at the dry shearing
surface (Fig. 12c, borehole #3, 3bis) is characterized by the
binomial accumulation pattern. The upper accumulation
horizon is less expressed, while the active layer base
horizon shows the highest among the study sites content
of soluble salts. Most likely this can be explained by an
accumulation at geochemical barrier under low run‐off in
the lack‐of‐water conditions of the dry site.
Re‐distribution of separate ions (mainly anions) is
different from total soluble‐salt redistribution, depending
on the migration ability of anions. Cations are not
discussed because the pattern of their distribution with
depth does not change qualitatively, only the content of
cations decrease.
Re‐distribution of anions is shown on Figures 13‐15.
There is a non‐uniform distribution of anions in

permafrost at the undisturbed site (Fig. 13a, 14a, 15a) with
a peak at the active layer base. At both wet and dry sites
(Fig. 13b, c) bicarbonate has minimum content near the
surface and in permafrost while in most of the active
layer the content of this anion is maximum. Bicarbonate
content decreased in 2001 at both sites, as compared to
1994, but at the wet site to a larger degree. The
accumulation zone for sulfate‐ion is most expressed at
the wet site (Fig. 14b) where maximum is noted at the
active layer base of the relevant year. Remarkable is
abrupt increase of sulfate content at the surface of the dry
site (Fig. 14c). This is explained by several reasons: (1)
capillary rise of soluble salts is more active at the dry site,
(2) chlorides are the most mobile and first washed away,
and (3) the content of bicarbonates is low from the
beginning. Thus, sulfates are the main component of
evaporites on the surface of the dry site. The total content
of chloride‐ion is the highest among other anions due to
marine type of initial salinization in the study deposits.
The main distribution pattern is persistent decrease with
depth up to the active layer base.
Chloride content does not change much in 2001
compared to 1994 in permafrost, but there is rather a
high difference between 1994 and 2001 at the active layer
base of the wet site (Fig. 15b), or near the surface at the
dry one (Fig. 15c). Thus, geochemical barrier at the active
layer base for this anion is not efficient. Capillary rise is,
probably, the main factor of redistribution for chloride.
At undisturbed surface all anions have the same
distribution pattern with maximum in the zone of
maximum seasonal thaw depth (geochemical barrier); at
the shearing surface chloride‐ion due to a high migration
rate moves fast from permafrost into the active layer and
is washed away by surface and active layer runoff. Sulfate
and bicarbonate form a second zone of accumulation at
the depth of 20–30cm. This zone is most expressed at the
dry site and more actively reducing at the wet one due to
a higher runoff there. Chloride marks this zone by a
reduced rate of washing away.
Soil and vegetation geochemistry
Geochemistry of various media was under study at the
etalon landslide cirque (Fig. 7). First step was to
understand why this area is occupied by unusually for
this latitude high and dense willow shrublands (Fig. 16).
One can see on Fig. 17 that stable surfaces are
characterized by prevalence of moss as a source of
biomass, while landslides, both shear surfaces and bodies
are represented by willows, except young shear surface
where only pioneer herbs appear. One can follow moss
development from young (C1) to ancient (C3) landslide
bodies. Explanation is found in the soil nutrition’s
dynamics. Nutrients content is increasing from stable
surfaces to landslides and from young landslides to
ancient ones).
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Fig 12 Total concentration of soluble salts (a dry residue) in the deposits of the active layer and upper permafrost at: a, undisturbed
site (borehole 1, 2001); b, wet site of the shearing surface (borehole 2 in 1994 and 2bis in 2001); c, at the dry site of the shearing surface
(borehole 3 in 1994 and 3bis in 2001)

Fig 13 Content of Bicarbonate‐ion in the deposits of the active layer and upper permafrost at: a, undisturbed site (borehole 1, 2001); b,
wet site of the shearing surface (borehole 2 in 1994 and 2bis in 2001); c, at the dry site of the shearing surface (borehole 3 in 1994 and
3bis in 2001)

Fig 14 Content of Sulfate‐ion in the deposits of the active layer and upper permafrost at: a, undisturbed site (borehole 1, 2001); b, wet
site of the shearing surface (borehole 2 in 1994 and 2bis in 2001); c, at the dry site of the shearing surface (borehole 3 in 1994 and 3bis
in 2001)
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Fig 15 Content of Chloride‐ion in the deposits of the active layer and upper permafrost at: a, undisturbed site (borehole 1, 2001); b, wet
site of the shearing surface (borehole 2 in 1994 and 2bis in 2001); c, at the dry site of the shearing surface (borehole 3 in 1994 and 3bis
in 2001)

proved by biomass measurements showing, that main
biomass at the stable surfaces is due to moss‐lichen cover;
while on landslides bulk of biomass is provided by willow
shrubs (Ukraintseva, Leibman 2000, 2007).

Fig 16 High willow shrubs at Vaskiny Dachi research polygon,
Central Yamal.

Ground water and soils within the landslides show
highest concentration of soluble salts on young shear
surfaces because marine deposits were exposed by
landsliding recently, they are built of clay which is hard
to wash out, and also they are frozen for at least 8
months a year. That is why high mineralization in the
active layer and ground water lasts for decades (Fig. 18).
Even ancient share surfaces, older than 300 years of
exposure to washing have much higher soluble salt
concentration than on stable surfaces. Landslide bodies
are enriched in salts through the ground water filtration
downslope. While stable surface soils are alkaline,
landslide elements are mostly acidic.
Due to additional nutrients and high winter snow
cover within the concave shear surface of landslides, high
willow thickets develop. They occupy old shear surfaces,
appear after several decades from the landslide event
passed, when aggressive marine salts are partly evacuated
from the active layer. Willow shrubs provide more
nutrition than typical‐tundra vegetation like moss‐
lichen‐grass communities due to the leaf litter. It is

Fig 17 Above‐surface phytomass of vegetation cover at landslide‐
affected slopes and ‘background’ surfaces, where 1, 2, and 3 refer
to – modern, old and ancient landslides, respectively (after N.G.
Ukraintseva in Ukraintseva, Leibman, 2007)

Fig 18 Biogeochemical features of ground water and soils in the
active layer of landslide slopes (after N.G.Ukraintseva in
Ukraintseva, Leibman, 2007): salinity of ground water, g/l (left
pane); Salinity of active‐layer deposits, % (central pane), and pH
of soils (blue) and ground water (magenta), right pane
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Mapping cryogenic landslides
Mapping of landslides and prediction of their activation
is based on a key‐landscape method most widely used in
Russian permafrost studies. Several landscape maps were
compiled for the VD polygon area. To analyze a landslide
hazard, geomorphic units with specific geology,
topography, and slope length were subdivided. Then,
landforms where cryogenic landsliding activation is
probable were assigned. Separated were subhorizontal
surfaces and bottoms where cryogenic landslide
formation is impossible, and tops where landslides are
improbable. Analysis of a landslide pattern shows that all
modern cryogenic landslides are located on concave
slopes which means that they occupy ancient landslide
slopes. But new landslides are less probable on concave
slopes already affected by modern landsliding than on
concave slopes with only ancient landslides.
Modern landsliding impact differs within the same
landscape complexes appearing on different geomorphic
levels. Landscape complexes are associated in 5 groups
according to the modern landsliding impact (Fig. 19).
Cryogenic landsliding hazard degree map was compiled
based on analysis of modern landslide coverage within
different landscape complexes and geomorphic levels (Fig.
20). Very high cryogenic landsliding hazard on concave
shrubby slopes is characteristic of all geomorphic levels
except river flood plain and terraces. Risk of large‐scale
landsliding on gentle shrubby/partly shrubby slopes
increases from low to high geomorphic levels. Small‐scale
landsliding on tentatively horizontal surfaces increases
with the degree and depth of dissection by ravine and
small stream valleys independently of geomorphic level.
Cryogenic landslide formation is impossible on
subhorizontal surfaces and bottoms, and landslides are
improbable on tops. Surfaces affected by modern
landsliding are not in a risk of activation of cryogenic
landsliding because icy transient layer did not form yet at
the bottom of “new” (after the active layer detachment)
active layer.

controlled, first, by increasing atmospheric precipitation,
and second, rise of summer air temperature.
Dense and high willow shrubs at the concave slopes
are indicators: of former landslide activity, of clayey soils
with residual salinity, of higher than usual biomass. They
are most possible areas for future landslide activation
under warming.

Conclusions
Cryogenic landslides are the main relief‐forming process
on the Arctic Plains of the North of West Siberia. Specific
landforms of the Central Yamal peninsula included
concave slopes with mosaic vegetative cover represented
by various pioneer to mature vegetative communities,
patches of high willow shrubs, and heterogeneous
mesorelief. These are shown to be landslide cirques
formed by a series of landslide events during the late
Holocene. Buried organic material appears as a mixture
of soil, humus, turf, and plant remnants buried by a
landslide body and can be dated by radiocarbon test.
Cryogenic landslides are climate‐related features
and for this reason are indicators of past and modern
climate fluctuations. The landsliding activation is
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Fig 19 Vaskiny Dachi landsliding impact map (after A.V.
Khomutov, 2012)

Two main types of landslide process are subdivided
according to the mechanism and geomorphic effect:
Cryogenic translational slides (close term: active‐
layer detachments) are caused by thawing of the
transient layer on the active‐layer base triggered by heavy
rain events supported by warm summer.
Cryogenic
earth/mud
flows
(close
term:
retrogressive thaw slumps) are caused by thaw of the
massive ground ice of various origin enclosed in
perennially frozen deposits, triggered by high summer
temperature.

The First Meeting of ICL Cold Region Landslides Network, Harbin, China. 2012

Main landforms in the first case are landslide
cirques, and in the second case these are
thermodenudation cirques.
Climate warming is followed by ground temperature
rise and thus the southern limits of translational
landslide occurrence should probably move northward
where conditions for the ice formation at the active‐layer
base still preserve. As to earth flows, their northern limits
probably shift further northward due to active‐layer
thickening.

Holocene Optimum, landslide activity which had
removed surface sand and exposed saline marine clay
providing nutrients for revegetation and concavity for
snow accumulation.
Method of landslide hazard assessment was
suggested based on analysis of the modern cryogenic
landslide distribution and mechanism. Susceptibility of
landscapes to landsliding was determined according to
the area of the surface modified by modern landslide
impact on a landscape. The application of this method
revealed that at all geomorphologic levels, there is a high
risk of cryogenic landslide activation on concave shrubby
slopes. The higher the level, the longer the landslides.
Analysis of the landslide hazard map shows that most
resistant to landsliding are 11% of the area, most
susceptible are 16% of the area. The rest 73% are covered
by more or less susceptible landscapes.
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Initial Observations of the 11 June 2012 Rock/Ice Avalanche, Lituya
Mountain, Alaska
Marten Geertsema
Ministry of Forests, Lands, and Natural Resource Operations, 1044 5th Ave, Prince George BC, Canada, 1‐ 250 565‐6923

Abstract On 11 June 2012, a large volume of rock and ice
collapsed on the eastern flank of Lituya Mountain, Alaska
(approximately 58⁰ 48’ N; 137⁰ 26’ W). The displaced
mass fragmented as it travelled 2.5 km down the steep
(35‐40⁰) eastern flank of the mountain. The landslide
flowed for another 6.5 km over a tributary of John
Hopkins Glacier. The total elevation drop is estimated at
2.5 km and the total travel distance was 9 km, yielding a
travel angle of 15.5⁰. The areal extent of the landslide is 7‐
2
8 km . The landslide generated a significant air blast
which travelled in a straighter trajectory than the
landslide, and resulted in an airborne deposit more than
500 m above the rock avalanche debris. The landslide
triggered seismic signals of 3.4 and 3.7 M, as interpreted
by US and Canadian earthquake agencies, respectively.
Keywords rock / ice avalanche, glacier, Alaska, Glacier
Bay National Park and Preserve, Lituya Mountain

GSC
M 3.7
Date: 2012 Jun 11 22:23:53 UTC
Depth: 0 km (0.00 mi)

USGS
M 3.4
Date: 2012 Jun 11 22:23:54 UTC
Depth: 0 km (0.00 mi)

Figure 1 Location of the landslide in southeastern Alaska (green
outline) in relation to triangulated signals from the US and
Canadian agencies. Google image

Introduction
Seismic signals from 3 Canadian stations

On 11 June, 2012 22:23:53 UTC atypical seismic signals
were recorded at a number of stations in Alaska, and
adjacent areas in Canada (Fig. 1). The author of the
popular AGU landslide blog (Prof. D. Petley), one of
several to notice the curious signals (Fig. 2), documented
the event and sent out an alert for what was thought to
be a large rock slide somewhere near the British
Columbian/Alaskan
border
(http://blogs.agu.org/landslideblog/2012/06/14/another‐
very‐large‐landslide‐this‐time‐on‐the‐canada‐alaska‐
border‐can‐you‐help/). This alert was forwarded to
Canadian Parks officials by me. According to the blog, K.
Delaney and Prof. S.G. Evans (University of Waterloo,
Canada) first discovered the landslide on Landsat
imagery. To my knowledge the landslide was first
observed and photographed in the field by pilot Drake
Olson (Haines, Alaska) on 9 July 2012.
What Drake Olson photographed was a large
rock/ice avalanche on the east side of Lituya Mountain in
Glacier Bay National Park and Preserve. The landslide
covered between 7 and 8 square kilometres of
mountainside and glacier, and travelled 9 km.

Figure 2 Seismic signals recording the 11 June 2012 Lituya
Mountain landslide from three Canadian stations – plot
provided by Dr. Garry Rogers, Geological Survey of Canada

Setting
Physical Environment
Glacier Bay National Park and Preserve is characterized
by high, rugged mountains (approaching 4700 m asl) and
glaciated valleys, with glaciers extending to tidewater.
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The region is tectonically active, and includes the
major Fairweather Fault, and a number of lesser faults
(Gehrels and Berg 1992). David A Brew, U.S. Geological
Survey (written communication) mapped the precipitous
cliff, at the location of the zone of depletion, as layered
gabbro ‐ Oligocene hornblende‐pyroxene gabbro (Togh)
of the Crillon‐La Perouse Plutonic Belt.
While
the
climate
is
maritime
(http://www.wrcc.dri.edu/cgi‐bin/cliMAIN.pl?akglac),
the elevation gradient results in a heavy snow
accumulation and predicted permafrost at higher
altitudes (Gruber 2011). Permafrost should be especially
present where windswept and steep surfaces accumulate
less (insulating) snow.
Perhaps the Lituya area is most famous for its more
than 500 m high landslide displacement wave that
happened in 1958 (Pararas‐Carayannis 1999).

Figure 3 Landsat 7 image showing the landslide (outlined in
green) 6 days after it occurred. The image is draped over a 90 m
DEM

Landslide description
Dimensions
The Lituya Bay landslide, its areal extent constrained by
low resolution Landsat 7 imagery (Fig. 3), appears to be at
least 7 km2 in area. The landslide is approximately 9 km
long (L). There appear to be some discrepancies between
Digital Elevation Models, but the elevation of the
landslide crown appears to be somewhere up to 3300 m
asl. The tip of the landslide is approximately 8o0 m asl –
with a total elevation difference of up to 2500 m (H).
The inverse tan of the ratio H/L (the elevation
difference between the crown and the tip (H) and the
length (L) along central path of the landslide) yields a
travel angle of up to 15.5⁰, consistent with values
determined for rock avalanches in the data sets of Evans
and Clague (1999) and Geertsema and Cruden (2008).
A long profile of the landslide (along its central path)
shows the contrast in slope gradient between rock and
glacier surfaces (Fig. 4). Extremely steep slopes at the
main scarp are measured at more than 55⁰ on the 90 m
DEM. The slope of the travel path in the first kilometre
averages 45⁰ and the average is just below 40⁰ for the first
2.5 km. The remaining 6.5 km of travel distance averages
under 5⁰, and represents travel on the valley glacier.
The steep source area appears to be about 200 m
wide near the crown (Fig. 5). Without higher resolution
pre and post landslide DEMs, determining a precise
source volume is impossible. The landslide is much
narrower in the zone of depletion (source area) than in
the zone of accumulation on the glacier. Once the
moving mass flowed on the glacier, the deposit, although
remaining topographically constrained, widened to 1 km.
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Figure 4 Long profile along the central path of the 2012 Lituya
landslide. According to the 90m DEM, movement over the first
2.5 km, on the slope of Lituya Mountain is just below 40⁰. The
remaining 6.5 km, travelled on the valley glacier is less than 5⁰

Source area: ice
rock

200 m

Figure 5 The source area, some 200 m wide, shows evidence of
both ice and rock fall. The rock is likely a hornblende‐pyroxene
gabbro (source: Dave Brew). Original photo by Drake Olson.

I could not calculate the volume loss in the zone of
depletion, nor the thickness of the deposit on the glacier
from the available data. If one assumes most of the
debris was deposited on approximately 5‐6 km2 of glacier,
average thicknesses of 1 to 10 m would yield volumes of 5
million to 60 million m3. The average debris thickness of
similar landslides (triggered by the Denali Earthquake in
2002) was 3 m (Jibson et al, 2006). Such a thickness could
yield a volume of up to 18 million m3. From Drake
Olson’s photos it is clear that the deposit varied in
thickness, with bare glacial surfaces evident in the
thinner zones (Fig. 6), and considerably thicker deposits
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elsewhere (Fig. 7). Detailed calibrated stereographic
imagery or LiDAR is needed to determine the thickness,
and the volume of the debris.

Figure 6 Thin debris cover on the glacier. Note bare ice patches.
Also note post‐landslide snow avalanches (right margin of
photo). Original photo by Drake Olson.

calculation yielded velocities of 150 km / hour 5 km from
the source.

Figure 8 Super‐elevation of unknown height. Details of height
and curvature can be used to estimate velocity. Original photo
by Drake Olson.

Dust plume and air pressure wave

Figure 7 Thicker debris on the glacier. Original photo by Drake
Olson.

Landslide velocity
The long runout and height of fall of the landslide alone
are clues that the movement was extremely rapid (see
Cruden and Varnes (1996) for velocity scale). Run up,
super‐elevation (in outer bends (Fig. 8)), and radius of
curvature are metrics by which to calculate velocity.
Without accurate elevation control of the deposit
margins the calculations are unreliable.
The initial cliff collapse and movement on the 55⁰
and then 40⁰ slopes would have been the most rapid.
Much of this movement may have been characterized by
falling and sliding. In 2002 the Denali earthquake
triggered rock slides onto glaciers with the longest one 11
km (Jibson et al. 2006). At McGinnis Peak, one of the
landslides, minimum runup velocities were calculated at
200 km/hour 4 km from the source and a super‐elevation

A large plume of dust travelled in a straighter trajectory
than the landslide which followed the geometry of the
valley (Fig. 9). Jibson et al (2006) noted dust up to 70 m
high on valley walls. For this landslide I estimate dust (or
at least finer material than the flow debris) to be at least
500 m above the landslide deposit (Fig. 10). According to
the pilot, Drake Olson (telephone communication), fist
sized pebbles even occurred above this zone in what he
described to be a salt and pepper effect. Xu et al. (2012)
describe an air pressure wave zone at the outer margins
of the gigantic 2000 Yigong rock slide – debris avalanche
in Tibet. There gravel up to 40 cm in size was scattered
throughout this zone, with trees flattened and some
blown horizontally tens to hundreds of metres. There
were no trees to produce evidence of this phenomenon
here, but the high dust cloud and the peppering of gravel
above it, suggest a significant air blast from a compressed
air pressure wave may have occurred.
Detailed imagery obtained in “snow free” conditions
and field observations will be required to characterize
this zone.

Causes and triggers?
At this point it is difficult to speculate on what might
have caused this landslide and at least one additional one
on Hubbard Glacier, some 180 km to the northwest of
Lituya Mountain. There appears to be an increase of
large rock slides at high elevations around the world (e.g.
Geertsema et al 2006, Huggel et al 2010, 2012).
This holds true especially for recently deglaciated
zones (e.g. Holm et al. 2004). The effects of glacial
conditioning should not be discounted. Geertsema and
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Chiarle (In Press) suggests this happens in four ways: 1.
glaciers deepen and widen valleys; 2. the ice loading
results in stress fractures; 3. debuttressing during glacial
thinning; and 4 stress release as manifested by joint
expansion.

Elevation drop: 2500 m
Travel distance: 9000 m
Travel angle: 15.5 deg

Other considerations include geologic conditions
such as seismic conditioning, a long period of
gravitational sagging, and other factors.

3300 m asl

800 m asl

Figure 9 Annotated Google Earth image showing the
topographically constrained rock avalanche (green outline) and
the higher and straighter trajectory of the dust cloud (arrow) for
illustrative purposes.

Figure 11 Annotated Google Earth image showing the 2012
Lituya Mountain rock avalanche (green outline) and the
permafrost probability layer created by Gruber (2011). The
purple colour indicates a strong probability of permafrost.

Conclusions and future work

air blast
500 m

Figure 10 “Dust” coating some 500 m above the landslide
deposit. Drake Olson related that he saw a peppering of fist‐
sized stones above this limit. Original photo by Drake Olson.

The effect of permafrost degradation on rock
instability is also receiving more attention globally (e.g.
Harris et al. 2001, Gruber and Haeberli 2007), in part
because of an increase in alpine rock movements. Gruber
(2011) created a global permafrost layer available for
viewing in Google Earth. Many rock slide initiation zones
plot within the permafrost zone of this layer, including
the Lituya Mountain landslide (Fig. 11).
Another potential contribution is an above average
snow pack (as per Joel Curtis, meteorologist with the
National Weather Service, Juneau) combined with a
delayed rapid melt. Delayed rapid melt of thick snow
packs is commonly associated with landslides.
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The June 11 landslide was a remarkable event and one of
the largest recent rock/ice avalanches in North America.
Some seismically triggered events had longer runouts,
and certainly lahars (volcanically triggered landslides)
can be orders of magnitude bigger (e.g. the event
associated with the Mount Saint Helen’s eruption).
The landslide initiated in a predicted permafrost
zone, perhaps during a period of delayed melting of a
thicker than average snowpack. Movement began as an
ice and rock fall in the initiation zone, then slid and
flowed on a 40⁰ slope for 2.5 km, before flowing over the
surface of a valley glacier for another 6.5 km. An aerial
deposit of dust and small stones appears to have coated
the mountain side at least 500 m above the landslide.
Questions yet to be answered:
• Cause and triggers – information of rock
mass properties in the source area, snow
pack and forensic climate analysis,
permafrost role
• Velocities (accurate field and aerial imagery
measurements)
• Can we expect more, where and under what
conditions?
• Impacts on glacier dynamics

The First Meeting of ICL Cold Region Landslides Network, Harbin, China. 2012

Acknowledgments
The photos from and conversations with Drake Olson are
greatly appreciated. Garry Rogers provided the plot and
interpretation of the seismic signals. I had fruitful
discussions with Glacier Bay Park staff including Lisa
Etherington, Susan Boudreau, Dave Nemeth, and Lewis
Sharman, with Joel Curtis from the National Weather
Service and also with Brian Menounos of the University
of Northern British Columbia. US Geological Survey
scientists Ed Harp and David Brew provided excellent
information on landslides and bedrock geology,
respectively.

References
Cruden DM, Varnes DJ. 1996. Landslide types and processes. In:
Turner AK, Schuster RL (eds) Special report 247: landslides
investigation,
mitigation.
National
Research
Council,
Transportation Research Board, Washington D.C., pp 36–75.
Evans, S.G. and Clague, J.J., 1999. Rock avalanches on glaciers in the
Coast and St. Elias Mountains, British Columbia. In: Slope stability
and landslides. Proceedings, 13th Annual Geotechnical Society
Symposium, Vancouver, B.C., pp. 115‐123.
Geertsema M, Chiarle M. In Press. Mass Movement Causes: Glacier
Thinning. In Treatise on Geomorphology.
Geertsema M, Clague JJ, Schwab JW, Evans SG. 2006. An overview
of recent large landslides in northern British Columbia, Canada.
Engineering Geology 83: 120‐143.
Geertsema M, Cruden DM. 2008. Travels in the Canadian Cordillera.
4th Canadian Conference on Geohazards, Quebec PQ.
Gehrels GE, Berg, HC. 1992. Geologic map of Southeastern Alaska.
USGS. Miscellaneous Investigations Series Map I‐1867.

Gruber S. 2011. Derivation and analysis of a high resolution estimate
of global permafrost zonation. The Cryosphere Discussions 5:
1547‐1582.
Gruber S, Haeberli W. 2007. Permafrost in steep bedrock slopes and
its temperature‐related destabilization following climate change.
Journal of Geophysical Researches. 112: F02S18.
Harris C, Davies MCR, Etzelmu¨ller B (2001) The assessment of
potential geotechnical hazards associated with mountain
permafrost in a warming global climate. Permafost Periglacial
Processes 12:145–156.
Holm K, Bovis MJ, Jakob M. 2004. The landslide response of alpine
basins to post‐Little Ice Age glacial thinning and retreat in
southwestern British Columbia. Geomorphology 57:201–216
Huggel, C., Allen, S., Deline, P., Fischer, L., Noetzli, J. and Ravanel, L.
(2012), Ice thawing, mountains falling—are alpine rock slope
failures increasing?. Geology Today, 28: 98–104. doi: 10.1111
Huggel, C., Salzmann, N., Allen, S. K., Caplan‐Auerbach, J., Fischer, L.,
Haeberli, W., Larsen, C., Schneider, D., Wessels, R. (2010) Recent
and future warm extreme events and high‐mountain slope
stability. Philosophical Transactions of the Royal Society A 368:
2435‐2459.
Jibson RW, Harp EL, Schulz W, Keefer DK. 2006. Large rock
avalanches triggered by the M 7.9 Denali Fault, Alaska,
earthquake of 3 November 2002. Engineering Geology 83: 144‐
160.
Pararas‐Carayannis, G. 1999. Analysis of mechanism of the giant
tsunami generation in Lituya Bay on July 9, 1958. In: Abstracts,
Tsunami Symp. 1999, May 25–27, 1999, Honolulu, Hawaii.
http://users.tpg.com.au/users/tps‐seti/tsym.html (Accessed May
2010).
Xu Q, Shang Y, van Asch T, Wang S, Zhang Z, Dong X. 2012.
Observations from the large, rapid Yigong rock slide – debris
avalanche, southeast Tibet. Canadian Geotechnical Journal 49:
589‐606.

53

The First Meeting of ICL Cold Region Landslides Network, Harbin, China. 2012

Geological Environment Characteristics and Failure Mode and
Treatment Measure of Highway Slop Research in Southeast Region of
Jilin Province
Nie Lei, Shen Shiwei, Dai Shulin
JiLin University of the Moon, Centre for Disaster Studies, CityName, Address and civic number, +734 384 8798 9

Abstract Southeast region of Jilin Province mainly has
the hilly landform , geological environment is extremely
complex.In process of the highway construction,there
will be amount of slop engineering issues with different
geological environment characteristics. In response to
this situation, this article made the geological
environment characteristic of the southeastern region of
Jilin Province as the main line, to study the different
geological environments characteristic of the slope failure
mechanism.and proposed targeted control measures to
failure modes for different slope.

the exposed rocks in this region can be divided into
magmatic rocks, sedimentary rocks and metamorphic
rocks.The distribution shown in figure 1.

Keywords the southeastern region of Jilin Province,
Characteristics of geological environment, highway slope,
failure modes, slope control measures
Fig. 1 lithology distribution of the southeastern region of jilin
province

Introduction
In recently, with the implementation of revitalization the
northeast strategy, and constantly improve the trunk
road network in the three northeast provinces, the road
construction of Jilin province ushered in a period of great
development. In particular, southeast highway
construction is the key to this strategy. Due to the low
mountains and hills, in the highway construction process
of southeast mountains will inevitably encounter a lot of
slope engineering problems. If not handled properly, it
will not only affect the progress and quality of the
construction, but also bring a great security risk of traffic
safety in the future.
This paper takes highway slope in southeast
mountains of Jilin province as the research object, based
on engineering geological conditions of various types of
rock slope; the slope failure mode is analyzed, while the
most appropriate engineering control measures are put
forward.

Geological environment characteristics
southeastern region of Jilin Province

of

the

Formation lithology of the southeastern region of jilin
province
Formation lithology of the southeastern region of jilin
province is complex, according to rock soil mass types,

Magmatic rocks
The magmatic rocks of the southeastern region of jilin
province are widely distributed,formed plutonic
rocks,shallow intrusive rocks and effusive rocks the
complicated rock types.
(1) Acid intrusive rocks(granite)
Granite formation time can be divided into the
Fuping period, five of the Caledonian, Hercynian,
Indosinian and Yanshanian granite. Hercynian granite
and the Yanshanian granite is the most widely distributed.
Which, the Fuping granite outcrop in the the Fusong
north ditch Tuen, generous dingzi, Xinan Wang store in
Tuen and Huadian, to the whole stack, water buffaloes
ditch to. Wutai granite outcrop in Hunjiang set of
security spend Austin and Huadian Wang store. In
addition, along the old Ridge, Man River, and turned the
mountain, there are five granite outcrops. Caledonian
granite is mainly distributed in the rock Dayushan Siping
East and Iraq head turnout in other places. Hercynian
granites are mainly distributed in Siping, Jilin, Yanbian
area, also sporadic outcrops in Changchun and Tonghua
area. Smaller Indosinian granite outcrops range in Jilin
Province. Yanshanian granites widely exposed in the
eastern mountains in Jilin, Tonghua and Ji'an, and Yanji,
etc.
(2) Intermediate intrusive,basic intrusive rock,ultrabasic
intrusive rock
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Mainly distributed in the mountains of eastern Jilin
province, in accordance invasive period, divided into the
Fuping Lang, five of the Caledonian, Hercynian,
Indosinian and Yanshanian the intrusive rocks. Among
them, the Fuping of intrusive rocks are mainly exposed to
in Tonghua yew, the Jingyu the TRW Hing Hing
parameters, jin dingzi and that Seoul bombers River and
among small business child and the Eastern Eight and
other places. Five of intrusive rocks are mainly exposed to
in Huadian Tatu River and other places. Caledonian
intrusive rocks exposed in the rock of Dongan Tuen
Hongqiling and Siping half gate. Hercynian intrusive
rocks in Siping, Jilin and Yanbian are exposed. The
Indosinian intrusive rocks exposed in Hunjiang ant River
and the Tonghua gold plant, Antu education woods.
Yanshanian intrusive rocks are mainly distributed in
Yanbian, Jilin, and Tonghua.
(3) Extrusive rock
Extrusive rocks in Jilin Province are basalt of the new
generation of spray, the main area of approximately 16,413
square kilometers. In addition to concentrated along
Dunhua ‐ Huifa River fault zone in Changbai Mountain
volcanic cluster and the Longgang volcanic group, the
Yitong ‐ ShuLan fault zone and the second Songhua River
fault zone, there are also banded outcrop.
Sedimentary Rock
(1) Mud Rock
The mud rocks embedded in the mountains of
southeast Jilin province are mainly distributed in
Hunjiang district and Yanbian district.The mud rocks
distributed in Hunjiang district are rich in Changsheng,
Zhongyao fortress, Dongxia and Dawan of Meihe Basin,
etc, of which is a series of sediments full of detritus with
coal. The mud rocks distributed in Yanbian district are
rich in Sichazi of Antu County, Laotou ditch of Yanji
County, Dongliang, Duntian Camp, Changcai of Helong
County, Fudong soil mountain, Songxia plateau, Shajin
ditch, Baicao ditch in Wangqing County, etc.
(2) Sandstones of KEDAO system
Sandstones of KEDAO system is mainly distributed in
the Yanbian district and south to Longjing County along
with the end of the hole in Kaishantun, north to Miaoling,
Shimenzi wasteland team, Bancheng, Maying Dong Shan,
Liangzichuan,etc.
(3)Glutenite
The glutenite distributed in southeast mountains of
Jilin province are mainly including sandstone rocks ,
tuffaceous sandstone ,siltstone, etc.
Sandstone: Diaoyutai Fm are distributed in Yalu
River, Hunjiang River ,the three series river basin and
Songjiang in Tu’an County, and Jianchang Formation of
Lower palaeozoic era are exposed to Jilin district and
Hunjiang district, otherwise, the carboniferous system in
Jilin district, Yanbian district and Hunjing district;
Hunjiang district, EC‐Benxi Group, EC‐Taiyuan Group
and Dias is distributed among Jilin district, Yanbian
district and Hunjiang distric, in the same time, tertiary
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sediments are mainly distributed in Songliao Plain,
Yitong‐Shulan fracture zone, Fushun‐Mishan and
Tumen‐Yalu river fracture zone.
Tuffaceous Sandstone: The tuffaceous sandstone are
distributed in Luquan Formation of Jilin district, and Dias
exists in Jilin district, Yanbian district and Hunjiang
district.
Siltstone: on the beaches of Yalu River, Hunjiang and
Santong River exist Mantou GR, MaoZhuang GR, GuShan
GR of Upper Permian and ChangShan GR. In JingJiaTai of
YiTong County, WuDaoGou of ChunHui County,
ErDaoGou of Jilin City and Yongji County exist TaoShan
GR, ZhangJiaTun GR, ErDaoGou GR and Devonian
Formation mainly in St,Wangjia of YongJia County. Dyas
is generally distributed in Jilin area, Yanbian area and
Hunjiang area.. And Triassic system mainly exposes in
YangShuGou and DaGuJiaZi of JiuTai County, and
WeiTangGou,XiaoHeKou and HongShiLiZi of HunJiang
City as well as NanLouShanHe of YongJi County and
XiTuShan of JiaoHe County. Middle Jurassic is distributed
in JiLin area while Upper Jurassic in Hunjiang area.
Tertiary System is mainly distributed in SongLiao Plain,
YiTong‐ShuLan fault zone, FuShun‐MiShan fault zone
and TuMen‐YaLu River fault zone.
Conglomerate: It’s mainly distributed in Jilin area
and Yanbian area, which consists of Laxi Group,
Ma’da’tun Group, Triassic system, Middle Jurassic, Upper
Jurassic and Tri‐system.
(4)Quartzite
On both sides of Longgang Mountains in Hunjiang
area and Yinge Ridge exist Laoniugou GR and Sandaogou
GR. Lower Proterozoic Ji’an GR outcrops in Ji’an,
Southern Tonghua, Linjiang and An’Tu. Middle
Proterozoic Laonin Gr outcrops on the north of Hunjiang
and on the both sides of Laonin Ridge. Upper Proterozoic
is distributed in the Yalu River, Hunjiang, Santong River
and Songjiang in Tu’an County.
Metamorphic rock
It’s mainly distributed in Hunjiang area and Jilin area, of
which the thick‐bedded hard slate is mainly in northern
shore of Hunjiang. Linjiang Group slate is only
developing on the east and west sides of Linjiang Town,
and in addition distributed sporadically in Heping Village,
Tonghua County and in Daboji Zhangzigou, Mayihe
Town, Changbai County. The bottom of Shifeng
Formation consists mainly of quartz biotite muscovite
schist, mica schist and metamorphosed intermediate acid
volcanic rock, the upside consists of marble, black slate,
and metamorphic sandstones. Zhangjiatun Formation
outcropped only neighbouring nanhan Guangfutun and
Zhangjiatun Jilin province. Jilin district slate outcropped
in Shoushan ditch Yumuqiaozi village Hudian, consists of
Daheshen Formation, Fanjiatun Formation, Batailing‐
Laxi Formation which located in Jiutai county.
Dajianggang Formation mainly distribute in Dajianggang
southern of Shuangyang basin and Xiaoshibengzi.
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Based on the several important crustal movement
and the stereo‐quality characters related widely occurred
in province, the metamorphism period of our province
can be divided into Fuping period, Wutai period,
Zhongtiao period, Caledonian, Hercynian period, ect..
Rock mainly distribute in the area of Baishan Tonghua
county.
Gravel soil
The Gravel soil distribute in the whole researched area, of
which composed the slope body can be divided into two
types: loose bed landslide and plastic‐flow landslide.
Geologic structure of southern mountain area of Jilin
province
Tectonic position and tectonic division
Regional, Jilin province can be divided into two first‐
order geotectonic region, roughly take Shancheng county
‐Hongshi ‐Baijin as boundary, the south of which is
China‐North Korea platform region, the north of which is
Tianshan‐Xingan geosynclinals fold belt. These two first‐
order geotectonic region can be divided into three sub‐
first, five secondary and twelve three‐level structure
element. Fig 2 is geologic structure map of Jilin province,
the southeast region consists of ：ⅠTarim‐ China‐North
Korea platform region Ⅲ2 geosynclinals fold belt of Jilin
province Ⅲ3 geosynclinals fold belt of Yanbian area.

Fig.2 Geologic structure map of Jilin province

Tectonic system of southeast mountain area of Jilin province
The tectonic system of Jilin province can mainly be
divided into latitudinal structure, neocathaysian
structure, cathaysian structure, northwestward structure,
ect..The detail tectonic system is shown as Fig 3.

Fig.3 Tectonic system map of Jilin province

Underground water of southeast mountain area of Jilin
province
Distribution of underground water of Jilin province
The whole province can be roughly divided into three
underground water region, one is Changbai mountain
region in the east, another is Songliao plain area in the
middle, and the other is Da Xinganling mountain region
in the west. Fig 4 is hydro geological map of southeast
region of Jilin province.

Fig.4
province

Hydrogeological map of southeast region of Jilin

Underground water type of Jilin province
The types of the underground water are mainly bedrock
fissure water, carbonate fissure carven water and basaltic
fissure water, which is auxiliary. Among them, bedrock
fissure water widely distributes all of the area, what
contained water is mainly granitoid and sedimentary rock
and metamorphic rock of every period. Carbonate fissure
carven water distributes scattered in addition to large
area of Hunjiang river. Basaltic fissure water mainly
distribute to Dunhua,Jingyu and annularly zone around
Changbai mountain Tianchi. Loose rock fissure water
mainly distribute to intermontane valley and basin.
Clastic rock fissure water mainly distribute to mesozonic
and cenozonic basin in Jilin province and Yanbian area.
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Analysis of geological environment characters of southeast
mountain highway slope in Jilin province
Engineering geological environment, especially the
contact of the rock mass, tectonic movement and
hydrogeology condition, is one of the major factors which
determine the type of slope failure and stability. The
strata of southeastern mountain in Jilin Province are
exposed integrity, and magmatic rocks are of wide scope.
The
geological
structure
development,
the
hydrogeological conditions are complex; adverse
geological environment is for all types of slope damage.
For the stratigraphic distribution, the distribution of
southeastern mountains is since the all periods of lower
Ordovician and Pliocene, which exist parallel
unconformity and angular unconformity. The sliding
surface is usually along the rock level. On the other hand,
on the unconformity at the contact surface often exist
weathering and erosion, so that the contact surface
between layers showing of argillaceous filling or was open,
and is conducive to groundwater infiltration and runoff,
is not conducive to slope stability.
From the distribution of magmatic rocks, the
mountains of Jilin Province, especially southeast,
especially Tonghua, Baishan, Yanbian area, intrusive
rocks are widely distributed. In the process of magma
intrusion, near the contact surface, rock easily heated to
soften, broken, deterioration, and form the weak
intercalation or metamorphic belt. In the process of
magma intrusion condensation, the rock in contact zone
cooling hardened, usually angular unconformity with the
overlying rock state provided the conditions for the slope
sliding along the contact surface. If the heat can not be
fully released, it is easy to form weak interlayer in contact
zone, is not conducive to the stability of the slope. On the
other hand, magmatic rocks erupted to the surface,
inevitably subject to weathering and erosion and water
erosion in the condensation process, rock surface is
usually fractured and open, provided the good conditions
for further rock weathering and surface water infiltration.
It is conduced to collapse disaster or surface landslide.
Southeastern mountains in Jilin Province has a lot of
tectonic, is a potential risk of slope failure. Tectonic
movement destroyed the structural of rock mass, so that
rock crushing and loose, fissures developed; weathering
and infiltration intensified, and is not conducive to the
stability of the slope. The other hand, if it encounters
human engineering activities of cut slope or blasting, the
fragmentation of rock will be disturbed again, the cracks
will further open. If the front branch retaining is
damaged, it is easy to form the destruction of unstable
rock collapse.
From Jilin Province hydrogeological maps can be
seen southeastern mountains are almost the loosen rock
mass strong rich in water, except magmatic rocks and
metamorphic rock. Quaternary overburden or weathered
broken rock surface is poor drainage, surface water easily
leached, and water content of the slope increased. The
combined effects of water erosion on the rock mass

58

reduced the rock strength, and cracks open, and the
structure of surface softening, is extremely detrimental to
slope stability.

Failure mode and treatment measure of typical strata
slope of southeastern mountains in Jilin Province
Granite slope failure mode and treatment measure
The granite formation is divided into block structure and
cataclastic structure by the geological structure of
weathering and other role, and its failure modes are
different.
Slope failure mode of granite with block structure
As the strength of rock mass in granite with block
structure is high, so rock mass intersected by joints has
mainly effect on its failure, the formation of block
fracture progressive failure mode; on the other hand, the
high and steep slope formed by the rock mass with block
structure usually form collapse damage.
The main features of block fracture slope are: (1) the
formation of weak structural surface cut; (2) rock
movement is strictly controlled by penetrating structural
surface and association characteristics; (3) the
mechanical behavior is determined by the penetrating
structural surface, especially the weak structural surface.
With the weak structural surface cutting, the rock mass
forms the block fracture rock slope, the basic failure
modes for block fracture structure slip along with the
weak structural surface. The failure mechanism is two
types as following: (1) the upper slope rock mass of such
slope is subject to certain factors of disadvantageous
slope stability for gradually towards the free direction
slow creep slipping along weak structural surface. Under
the pressure of the upper part of the sliding mass the foot
of the slope rock mass is damaged, the formation of the
penetrating slip surface. (2) the slope rock mass slip along
the underlying weakness surface towards free direction,
and making the sliding mass crack and disintegrate. The
type of deformation and failure has been controlled by
weak structural surface in slope body, therefore the
occurrence and property of the weak structural surface
plays a key role. In short, according to form of expression,
the destruction of the block fracture slope can be divided
into: a progressive failure, a retrogressive failure or a
wedge failure.
Slope failure mode of granite with cataclastic structure
Slope of granite with cataclastic structure collapse failure
as the main mode, the rock mass characteristics and
fracture distribution, can be divided into the dumping
collapse, sliding collapse, bulging collapse, crack collapse
and dislocation collapse and other forms.
Slope treatment measure of granite with block structure
Slope of granite with block structure, the structural
surface has significant influence on its failure. So in
treatment project; make the unstable block and the stable
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block of the trailing edge bond connection, in order to
increase the stability of the slope. Based on it, the
anchoring technique is the most effective treatment
measure for such slope of block fracture structure
Fractured rock slope should take the active
protecting net or shotcrete‐bolt support to govern. In
addition, other treatment measure for this type of slope
can be taken while anchoring methods reinforce slope,
focusing on slope cutting project. Through slope cutting,
clear the slope surface dangerous rock mass, at the same
time, reduce the weight of the slope, conducive to the
slope stability.
Slow obliquity sedimentary rock slope failure mode and
treatment measure
Slow obliquity sedimentary rock slope failure modes
For the slow obliquity soft rock slope, due to slope
excavation, there is a free surface at the slope foot,
changing the original state of equilibrium. Meanwhile,
when there are tension cracks between slope trailing edge
and rock level, this slope is in a sliding condition.
Hydraulic‐driven sliding slope, which the sliding surface
dip is less than the internal friction angle will not slip
under its own gravity, and the slip failure depends on the
role of external forces, in which the rainfall has the most
prominent role. In the condition of rainfall, the surface
water along the trailing edge tension cracks infiltration
into the slope, and the groundwater is formatted, at this
time, downslide strength declines significantly, and the
slope falls in failure.
Treatment measure of slow obliquity soft rock slope
The failure mode of slow obliquity soft rock slope is base
on straight line‐arc composite sliding surface shallow
slide, and there is creep failure pattern. On other hand,
the presence of groundwater is a decisive factor in this
type of slope stability.
Nearly upright slate slope failure mode and treatment
measure
Slope failure mode of nearly upright slate
The nearly upright slate slope often manifest as
countertendency layered rock slopes, in other word, the
slant of slope is opposite to that of the terrane. Under
common role of the dead weight bending moment and
horizontal external force, the slate occur bending and
breaking to the slope surface in cantilever beam form.
According to different destruction form, the
toppling failure can be divided into the massive
toppling(break off and toppling) and flexural toppling.
Figure 5 is the diagrammatic sketch of flexural toppling.
Figure 6 is the diagrammatic sketch of massive toppling.

Fig. 5 the diagrammatic sketch of flexural toppling

Fig. 6 the diagrammatic sketch of massive toppling

Slope treatment measure of nearly upright slate
The main stability influencing factors of nearly upright
slate slope are: rock density, depth of shell‐beam, width
of shell‐beam, bottom angle of shell‐beam. The rock
density and bottom angle of shell‐beam don’t improve by
engineering measures. So the main measure to ensure the
stability of slope is improved depth and width of shell‐
beam. Cutting of natural slopes is the main method to
reduce the depth of shell‐beam and enhance the nearly
upright slate slope stability. It usuallt used rock bolt,
anchorage cable and anchoring technology. The effective
method to enhance the nearly upright slate slope stability
is anchored the lamella slate to thick‐layer.
According to the research on environmental
geological characteristics of the study area, summed up
the type, failure mode and treatment measure of the
slope such as table 1
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Table 1 summary sheet about types, failure mode and treatment measure of highway slope in southeast of Jilin province
Types of slope failures
Major failure mode
Treatment measure
slow obliquity red
slippage compression fracture at contact surface along
cutoff blind ditch, horizontal drain hole, retaining wall,
mudstone slope of
bedding surface and under mass (rectilinear slide or
slope protection with vegetation, supporting blind
Tertiary
slippage of rectilinear ‐circular)
ditch
gray mudstone slope
slippage compression fracture at contact surface along
supporting blind ditch, cutoff blind ditch, horizontal
of Tertiary
bedding surface and under mass (rectilinear slide or
drain hole, retaining wall, slope protection with
slippage of rectilinear ‐circular)
vegetation
nearly upright slate
progressive tilting failure from slope toe
anchorage technology, scaling, horizontal drain hole
slope of Caledonian
glutenite slope of
sliding failure at contact surface along Kojima glutenite and
Stabilizing pile, scaling and pressure foot, slope
permain Kojima FM
under mass
protection with vegetation, surface drainage, close
cracks
granite slope
blocky rock structural damages, collapse,
rock bolt, anchor rope, spray anchor bracing, active
rockfall restraining net, slope‐cutting , passive rockfall
restraining net
glutenite slope
blocky rock structural damages, collapse, wedge destroyed,
rock bolt, anchor rope, spray anchor bracing, slope‐
sliding failure along discontinuities
cutting, active rockfall restraining net, friction pile
quartzite slope
blocky rock structural damages, collapse
rock bolt, anchor rope, spray anchor bracing, active
rockfall restraining net, slope‐cutting, passive rockfall
restraining net
gravelly soil slope
loose body sliding, plastic flow sliding
anti‐slide retaining wall , passive rockfall restraining
net
other hard rock
creepage sliding‐tension, slippage compression fracture,
rock bolt, anchor rope, active rockfall restraining net,
layered slops
turns and twists failure, plastic flow and tensile crack

Engineering example
Granite slope
Ji’an‐Gumaling road collapse frequently occurs with other
geological
conditions,
which
early
Yanshanian
plagiogranite γ52 collapse is particularly typical. The
fracture is tectonic development near highway routes,
with joint fissure and the bedding plane mutual cutting
the rock mass is more broken, during the rainy season,
groundwater infiltration exacerbate the collapse disasters.
The most serious collapse segment is K6 +965‐ K7 +021
(B9). The section of the slope is steep, the slope gradient
is often more than 70 °, rock has been seriously
weathered, abnormal broken, thin‐bedded mudstone
often exists between sandstone and sandstone formation.
During the rainy season, due to the surface water
infiltration,the mudstone has soften up, leading to the
upper slope rock mass consequent layer slide‐
collape ,serious damage. Figure 7 is B9 segment collapse
sectional drawing.

Shown in Figure 3, the fissure II occurrence of the
slope trailing edge is 195 ° ∠ 75 °, while near the slope the
fissure I occurrence is 115 ° ∠ 36 °. rock fissures II under
the action of the groundwater, ice split and
others,gradually moving away from the stable body,
developing into closed slightly open ‐ open ‐ deepen and
to link up with the fissure I ,at the same time,rock mass
ABC away from the slope to be a potential collapse body.
Two fractures provide groundwater circulation channels,
under the influence of the fissure water pressure and
buoyancy, its strength decreases, friction decreases, when
the shear strength can not withstand the downslide
strength, the collapse body fall, slope damage, collapse
occur.
Bolting and shotcreting are deal with the slope,
before bolt‐shotcrete, clean up the slope dangerous rock.
The anchor designed length is 8m, the engineering
drawings shown in Figure 8.
9锚 杆 布 置 纵 剖 面 图
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Sedimentary rock slope
On the west side of Laosong provincial highway
Wangqing to Yanji section 11 marked K75+840—K76+340,
there is the composition of low strength mudstone and
pebbly sandstone interbedded. It it easy to occur internal
240

arc cutting layer sliding, and the composed material
strength is low, and the groundwater distribution has a
great influence on slope stability. Fig.9 is 3‐3’section
geological model diagram of the section 11 slope.
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Fig.9 The 3‐3’section geological model diagram of section 11 slope

In order to ensure the stability of the slope on both
sides of the road, and to meet the engineering
requirement of the stability factor, it must take some
measures. The governance design principle is that must
meet the security economy, so the treatment

methods ,such as the cut water blind ditch, horizontal
drainage holes and slope protection and some
comprehensive managements are adopts. Each profile
control is shown in Fig.10 to Fig.13.

Fig.10 Profile 2‐2’ governance figure
高程（ ）

第一级台阶

坡脚线

里程（ ）

Fig.11 Front view of level drainage holes PSKII‐II’ in the slope

Fig.12 Top view of drainage holes
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Fig.13 Cross section of cut water blind ditch MGA‐A’

Nearly vertical slate slope
The slope height which is on the Jilin City belt freeway
K36+300‐K36+420 is about 16m, and it is divided into two
steps, each step is eight meters high. The width of the
back berm is 2m. There is Caledonian slightly weathered
slate, which occurrence is 183°∠75° . The slope degree
of down step is about 34°（1：1.5）, and the upper step
is 45 °（1：1）after slope cutting. There is no plants
covering on the slope surface, and there are tensile cracks
on the trailing edge which directions are vertical surface,
and the measured depth is about 3m. Fig.14 is the
panorama of the slope.

3

7

8

9

10 11

16
1415
12 13

17 18

19 20

6
5
4

16m

3
2

路面

1

Fig.15 The typical profile of Jilin City Belt Freeway
dumping slope before cutting

The governance programs are slowing down the
slope gradient, and using the back berm as the helper
method. The slope degree of down step is about 1：1.5,
and the upper step is 1：1. Fig.16 is the slope profile after
step‐slope.

Fig.14 The panorama of Jilin City expressway slope

The typical profile of slope in study area is located in
Jilin City belt freeway K36+400. The slope is consist of
micro‐middle weathering slate. The rock is anti‐dumping.

The occurrence is 183° ~ 185°∠75° , and the bottom

surface dip is 10° ~ 20° . The width of each plate beam is
1.2m, the density is 2.6g/cm3 ， and the rock tensile
strength is 0.36MPa. However, the slope is weathering
seriously. The tensile strength reduction factor of rock
calculation is 0.4. There is no plants covering on the slope
surface, and there are tensile cracks on the trailing edge
which directions are vertical surface, and the measured
depth is about 3m. Fig.14 is the profile of the slope before
cutting.
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拟建公路

Fig.16 slope profile after cutting treatment

Conclusions
The formation and contact relationship of lithology,
tectonic movement, and hydrogeology condition which
are in the southeastern of Jilin Province control the
failure modes and stability conditions of slope in the
region. According to the study of the geological
environment of the study area, the slope type of the area,
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failure modes and treatment measures are summed up in
this paper.
（ 1 ） The road slope failure type in southeastern
mountain of Jilin Province can be divided into granite
block structure slope, cataclastic structure slope,
sedimentary
and
metamorphic
layered
slope,
sedimentary gently inclined soft rock slope and debris
slope.
（2）For the granite rock block structure slope, the main
failure modes include collapse failure of split block
structure slope and fractured high and steep slope, which
is controlled by the weak structural plane.
（3）For the layered structure slope, the main failure
mode can be divided into slow obliquity layer sliding
along the weak structural plane, steep dip slope buckling
failure under its own gravity, and nearly vertical plate
rock slope toppling forced by horizontal force. The
treatment measures of such slope are anchor cable, bolt
reinforcement or initiative stopped stone network for
fractured slope.
（ 4 ） The main driving force of slow obliquity
sedimentary rock slope is the groundwater, and the type
is hydraulic‐driven creep slip destruction. The treatment
measures of such slope are include cut water blind ditch,
horizontal drainage holes, supporting blind ditch and
sliding retaining wall and so on.
（5）The nearly vertical plate rock slope will occur the
dumping destruction under its own weight bending
moment and the horizontal force. The methods of
cutting slope, anchor and anchor cable are the effective
way to improve the stability of this vertical slate slope.
（6）The failure modes of debris slope are loose material
sliding damage and plastic flow. Treatment measures
should be the preferred retaining wall, supported by the
drainage hole to discharge groundwater within the slope.
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Research on Formation and Movement Mechanism of Permafrost
Landslide
Shan Wei, Hu Zhaoguang, Jiang Hua, Guo Ying, Wang Chunjiao
Northeast Forestry University, Harbin, China

Abstract In recent years, permafrost in the northeast of
China is being severely degraded. Bei’an‐Heihe
Expressway crosses northwest part of the Lesser
Khingan Range region，because of landslides and the
degradation of permafrost, embankment stability is
affected. Using geological drilling and high density
resistivity method to research formation mechanism of
landslide group along the expressway, besides, we used
GPS technology to monitor movement mechanism of
the landslide, analysing landslide body dynamic
characteristics variation of surface morphology and
internal soil mass. Research results show that: water
infiltration of rainfall, melting snow and permafrost
melting is stopped by frozen soil and impermeable
barriers, leading to local moisture content rapidly rising,
water erosion along interface between the permeable
layer and water‐resisting layer froms the sliding surface.
Sliding velocity of the landslide is large different in
different seasons. Within the same cross section of
landslide, the sliding displacement of center is largest,
and near landslide flank is smallest. On the basis of
landslide resistivity value changes, we can infer the
position of sliding surface. Characteristics of resistivity
value indicate that: within the same cross section of
landslide, sliding surface of center is deepest, near
landslide flank is shallowest. It is obviously different in
resistivity values between the landslide soil and outside
landslide soil.
Keywords landslide, GPS, Movement Mechanism,
high‐density resistivity method

Foreword
Landslide is a downward movement along the slope at
the landslide surface of soil, rock or a mixture of both. It
is one of the main diseases of mountainous area
highway(Feng SR et al. 1999; Shan W et al. 2008; Liu LH
et al. 2007). In China the study place about cold regions
landslide mostly focused on seasonal frozen region(He
YX 1991), but less about permafrost regions slope
mechanism and sliding characteristics, and mainly in
high altitude permafrost region of Qinghai‐Tibet
Plateau(Qiao JP 2002; Zhu Y et al. 2008). The thaw
slumping leading to slope instability was the focal point.
Ma Lifeng, Niu Fujun etc studied the causes of thaw

slumping, and analyzed its inducing relationship with
the permafrost physical conditions and external
force(Ma LF et al. 2006). Finally they analyzed landslide
formation and motion mechanism of permafrost
regions. Li Tonglu etc researched on the landslide along
the Sichuan‐Tibet Highway(Li TL et al. 2003). He
analyzed those landslide’s development features. He
concluded that the storm, steep hills and earthquake
were the main reasons of the landslide in the slide. Gu
Tianfeng, Wang Guding etc through the laboratory test
and the finite element analysis, it is concluded that the
terrain characteristics, landslide zone of low soil shear
strength and inappropriate human activity were the
main influence factors of formation and development of
landslide(Gu TF et al. 2009).
Rresearches on landslide in cold regions were less
in Lesser Khingan Range of Heilongjiang province. It is
high latitudes permafrost regions, the ground slope in
landslide area is low. The formation mechanism and
movement characteristics of landslide have their
particularity. At present, the theory and practice were
immature in this research.
This article units the results of GPS positioning
technology and high‐density resistivity method to
research on formation mechanism and movement
mechanism of landslide in permafrost region. Study
area is at K178+530 section of Bei’an‐Heihe Expressway,
located in Lesser Khingan Range central region, in the
high latitude permafrost degradation of China. We use
GPS technology to monitor the morphological changes
of the landslide, uniting the high‐density resistivity
method to detect the resistivity of the landslide.
analysing landslide body dynamic characteristics
variation of surface morphology and internal soil mass,
endeavouring to find a new breakthrough in the
research on this type of landslide.

Regional situation
Regional natural geographical conditions
The study area geographical position showed in figure 1.
It locates in Lesser Khingan Range central region, in the
high latitude permafrost degradation of China. Spring
warms fast and shortly, summer is hot and rainy,
autumn cools fast and shortly, winter is cold and long.
the annual average temperature is ‐0.8℃. The average
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annual precipitation is 510~572mm, rainfall concentrate
in July to September, and account for about 60% of
annual total precipitation. First snow is generally in the
last third of October, last snow is generally in the end of
March or early April. Maximum seasonal frozen depth is
2.30~2.50m, freeze injury is prevalent, there is island
permafrost distributed in cleugh. The geomorphology of
study area is mainly low mountains and hills;
topographic relief is large, in the high latitude
permafrost region(Hu ZG et al. 2011).

K178+530 located at the left side of the
embankment road. Road abandon soil and subgrade
filling soil slide along the gully, The 178+530 landslide
presents a tongue shape, and its width is 20 ~ 30 meters,
its acreage is about 5000m2, the distance from toe to
rear edge is about 200m, the elevation of toe is 254m,
and the elevation of rear edge is 285m. Leading edge of
the landslide pushes up humus soil of original ground
surface to slide forward. And arcuate dislocation in the
rear edge, the dislocation was in rang of widen subgrade.
There is trees tilt at leading edge of the landslide.

Figure 1 K178+530 geographical position

Study area engineering geological conditions

Figure 2 K178+530 drilling holes arrangement

In our research, we did drilling exploration, and 4
drilling holes were arranged in the area, the depths of
these drill holes are 14 ~ 26m, drilling holes
arrangement are shown in Figure 2.
In the research section the soil distribution is as
follow: Quaternary loose sediment, tertiary pebbly
sandstone, Cretaceous mudstone and sandstone.
Geological section as shown figure3. Subgrade filling
soil or roadbuilding waste soil: yellow and very wet, that
is mainly loose hybrid material including tertiary pebbly
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sandstone, Cretaceous mudstone and sandy mudstone,
it is loose when dry, and soft plastic once saturated.
Clay: yellow, soft and plasticity, dry strength and large
toughness. Silty clay located in the depth of 1.5~3.8m on
upper sector of landslide, and in the depth of 0~6.7m on
middle and lower sector of landslide, and there are
more than one sand sandwich layers in silty clay layer,
single‐layer thickness is about 1~10cm, which greatly
increases the ability of water permeability. Tertiary
pebbly sandstone: located in the depth of 3.8~4.5m on
the upper sector of the landslide, and its component
including long stone and sand mineral, weathered ,
slightly wet, and minus cement with loose sand and
good gradation, the ability of water permeability is vey
good. Weathered siltstone: yellow, it is located in the
depth of 4.5~14.3m on the upper sector of the landslide.
Sandy structure, bedding construction and bad water
permeability. Weathered mudstone: yellow or black‐
grey, muddy structure and layered structure, poor water
resistance to soften, and bad water permeability.
Strongly weathered mudstone: black‐grey, muddy
structure and layered structure ， rocks in
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unconsolidated. Medium weathered mudstone: brow

and black‐grey muddy structure and layered structure.

Figure 3 Geological section of K178+530

Landslide formation mechanism

Based on GPS monitoring deformation of landslide

The formation and development of K178+530 section
landslide mainly affected by the topography,
engineering
geology,
hydrology
and
climate
characteristics, specific geography, inattentive layer,
active groundwater, intense freeze‐thaw erosion and
human engineering activities are material conditions
and power factor of the landslide.
The landslide belongs to superficial and bedding
landslide in permafrost region, Sliding rapidly. In the
rainy season and melting period in spring landslide is
easy instability. tympanites cracks on the landslide are
beneficial to permeate and stockpile. High permeable,
surface soil grit layer and silty clay in weathering skerry
provides passage for water infiltration. The infiltration
capacity in lower mudstone and siltstone was very small,
and formed water‐resisting layer， Rainfall, snowmelt
water, fissure water and thawed frozen soil which
Produced water were cut off by frozen soil and
impervious layer in the process of infiltration. It is the
main cause that the area form landslides. In late July
2010, the landslide started to slide.
Freezing and thawing have far‐reaching
consequences for the landslide, exhibiting intermittent
slide and bench slope, and there are Drumlin fields on
the landslide slope.
Slip surface of upper sector is in the depth of 4.5
meters, located at the interface of gravel sand and
siltstone, the soil under sliding surface is siltstone of
weak penetrating power. Slip surface of the middle and
lower sectors is in the depth of 6.5 meters, located at
the interface of silty clay and mudstone, the soil under
sliding surface is mudstone of weak penetrating power.

GPS monitoring sites arrangement
On July 22, 2010, two deformation monitoring pipes on
the landslide body were sheared respectively in the
depth of 4.2m and 6.5m under the ground, the sensor
connection lines were also sheared, Accordingly, we
determined that the landslide soil began sliding.
Employing GPS to monitor the tube nozzle moving data,
we arranged nearly 49 GPS gauge piles at different
positions on the landslide on September 13, 2010, using
GPS to monitor the moving data of these gauge piles,
monitoring cycle is more than one year.

Figure4 the layout of GPS gauge pile of the landside

The layout of GPS gauge pile was shown in the
figure4. From the rear edge of landslide to the leading
edge we respectively arranged 11 rows in order,
respectively arranging on the both sides of the outside
landslide, the central location on the top of landslide
and close to the rear edge of landslide. The distance
from the first row to the rear edge of landslide is 15m,
and the numbers from left to right 1#~3#; The distance
from the second row to the rear edge of landslide is 30m,
and the numbers from left to right 4#~10#; The distance
from the third row to the seven row the rear edge of
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Gauge piles motion characteristic at different positions
Displacement(m)

The first row
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12/3/26

12/8/13

Figure 5 the first row of gauge piles sliding displacement
graph

Figure 5 was the first row of gauge piles sliding
displacement graph. From September 13, 2010 to
November 2010, 1#, 2# and 3# gauge piles of sliding
displacement were 6.90m, 8.05m and 4.12m respectively.
From November 2010 to mid‐late May 2011, landslide
was not sliding. Until early June 2011, landslide began to
slide, and by July 1, 2012, sliding displacements of 1#, 2#
and 3# gauge piles were 48.03m、68.08m and 24.63m in
658 days. In the middle position, slip rate in a central
location (2# gauge piles) higher than slip rate near the
edge (1# and 3#gauge piles).
Displacement(m)
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Figure 6 sliding displacement graph of the second row
gauge piles

Figure 6 was the sliding displacement graph of the
second row gauge piles. From the front row and second
row sliding displacement graph of gauge piles,from
monitoring commencement day (September 13, 2010) to
the middle of November, Landslide had been in sliding
state. After mid‐November, land surface began to
freeze,and until the end of May 2011, landslide had been
always in steady state. From early June 2011, Landslide
began to slide once again. During the same time, gauge
piles sliding idisplacement in the central location of
landslide are obviously bigger than gauge piles of
sliding idisplacement near edge position.
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The sliding displacement at center

Displacement (m)

landslide are 50m, 70m, 93m, 119m and 134m
respectively. And the others are distribution on the
leading edge of the landslide. These GPS Positioning
monitoring piles can monitor the sliding condition at
the upstream and middle stream, as well as the
downstream of landslide. It also can monitor the centre,
near the edges and outside locations etc. of the
landslide. The dates of collection were from September
13, 2010 to July 1, 2012, 658 days in total.
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Figure 7 the gauge pile slip displacement curve in the central
location of landslide

From the gauge pile slip displacement curve
(Figure 7) in the central location of landslide, we can
see that, from September 13, 2010 to September 25, 2011,
during the 377 days, the gauge pile slip displacement
from the first row to the seventh row respectively are
65.01m, 71.31m, 64.20m, 54.23m, 46.37m, and 39.43m. It
shows that, sliding displacements of different positions
are large different during the same time. Sliding
displacement of the middle and upper sector is the
farthest, sliding displacement of the lower sector is the
smallest.

Based on High‐density resistivity method for
surveying landslides
High‐density resistivity method measuring line layout
During application of high density resistivity method in
K178+530 section, we use 2DRES 2D high‐density
resistivity method inversion software to inverse least
square method, inversion of the program we use is
based on least square method which based on quasi‐
Newton algorithms for Nonlinear optimization, and
module width is set to one‐second unit electrode
spacing to improve monitoring precision. To ensure
depth and accuracy, the unit electrode spacing is 3.0
meters in the test, sounding almost 30 meters.
At the Landslide section of K178+530, as the centre
of the landslide 9 high density resistivity method survey
lines have been emplaced, as shown in Figure 8.Along
the slope tendency laying a total of 5 survey lines, which
was named as the longitudinal 1, 2, 3, 4 and 5
respectively, electrodes numbers arrangement as
follows: from medial divider of road to leading‐edge of
landslide orientation layout 1~60 in turn. The position
of longitudinal 1 and 5 survey lines are 5 meters out of
both sides of the landslide; Longitudinal 2 and 4 are on
the landslide, at the distance of about 2.5m from the
edge of the landslide respectively. Longitudinal 3 is on
the landslide, located in the middle of landslide. We
laid 4 survey lines perpendicular the direction of
landslide, which were named as the transverse 1, 2, 3
and 4. and the location are 30 m, 90 m, 110 m and 140 m
away from the trailing edges of landslide, electrode
codes number 1~60 are decorated from left to right.
During the test procedure, Winner arrangement
method is all used. Five Detection times of each survey
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line, the date is June 1st, 2010, September 10th, 2010,
November 1st, 2010, and June 10th, 2011, respectively.

Contrast on different positions resistivity value of the
landslide
Figure 9 showed the resistivity inversion images along
the centre of landslide soil (measuring line V3). The
measuring line was from median strip, respectively
going through the landslide rear edge , drilling ZK2 and
drilling ZK1 location and stretching into 177m along
landslide to where is 32m distance from forefront of
landslide, the distance of landslide back edge, drilling
ZK2 and drilling ZK1 location from the first electrode
respectively are 9m, and 42m, and 96m. From the figure,
we can knew that the resistivity of landslide soil layered
apparently.

Figure 8 The high density resistivity measuring line

Figure 9 the inversion images of landslide soil resistivity on September 10, 2010

Drilling 1 position was away from the first
electrode 96 meters. Depth 0～2.1 meters is silty clay,
which containing about 15% of the organic matter as
grassroots ect,and resistivity value is 20 ～67 Ω • m;
Depth 2.1～6.7 meters is silty clay,which local have
weathered sand samdwich, and resistivity value is 15～
32 Ω • m; Depth 6.7～8.0meters is mudstone, and its
structure is pieces, and resistivity value is 46～54Ω•m;
Depth 8.0～26 meters is gray mudstone, where is close
to ground water level or below ground water level in the
underground, and resistivity value smaller is 10～35Ω•
m. In 0～2.1 meters depth is silty clay that contains a lot
of grassroots, water down the plant roots to infiltrate is
easy; Below 6.7 meters is mudstone, the permeability
coefficient is small, water is difficult to infiltrate,
forming water‐resisting layer. Water is easy to gather in
the top surface of mudstone layer, mudstone in water
softening disintegration and easy to form the sliding
surface. Due to the local weathered sand samdwich, the
silty clay in 2.1 ～ 6.7meters depth can make water

infiltrate easily. That site’s resistivity value was as
shown Figure 9 and Figure 10.
Drilling 2 position distance the first electrode of 42
meters, in 0～4.5 meters depth, resistivity value was
10～27Ω•m, the surface layer roadbuilding abandon
soil give priority to silty clay (Depth 0～3.8 meters),
resistivity value is15～27Ω•m, resistivity value of sand
gravel (Depth3.8～4.5meters) is 10～22Ω•m. Depth
4.5～9.7 meters is siltstone, and resistivity value is 25～
54 Ω • m. Depth 9.7～14.6 meters is sandstone, and
resistivity value is 21～43Ω • m; In the 4.5 meters, the
position of sand gravel and siltstone handover, the
resistivity apparent stratification. Depth 0～4.5meters,
the soil is good permeability, water infiltrates easily;
Below 4.5 meters is siltstone, particles smaller and
seepage ability is poor, forming water‐resisting layer.
The soil infiltration to 4.5 meters depth location is easy
to gather and form the sliding surface. These resistivity
values were shown as Figure 9 and Figure 11.
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Figure 10 resistivity curve of drilling 1 position

The resistivity value at the slip surface location
showed significant stratification, and the resistivity
values of its upper and lower were more obvious

Figure 11 resistivity curve of drilling 2 position

differences. According to the typical characteristic of
the slip surface, we can infer the position of sliding
surface as shown in figure 12.

Figure 12 Infer the position of sliding surface of Line‐V3

As shown in figure 13 and 14, there were resistivity
inversion images of measuring line H1 and the
measuring line H2 on September 10, 2010. According to
the mutations and layering of resistivity value at
landslide position, we concluded the transverse sliding
surfaces position of landslide, as shown in figure. The

shape of Landslide was approximately circular arc or
Inverted trapezoidal. The place near the central position
of landslide sliding surface was deepest. They were 4.5
m and 6.5 m depth. The position both walls of landslide
was the shallowest, about 1 ~ 1.5 m depth.

Figure 13 Infer the position of sliding surface of Line‐H1
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Figure 14 Infer the position of sliding surface of Line‐H2

Contrast on soil resistivity value in In and out of the
landslide

resistivity value image out of the landslide only
appeared higher resistivity in the surface, resistivity
basically presented decreasing along with the depth.
The resistivity values in and out of landslide soil were
obviously differences. There were mutations and
layered resistivity values in sliding surface. These
resistivity values in up and down position of soil layers
have obvious difference.

From landslide margin 90 meters position,
perpendicular to the landslide line (the measuring line
H2) as an example, we contrasted on soil resistivity
value in In and out of the landslide. Figure 15 was
resistivity inversion image of measuring line2 on
November 1 2010. From the figure we could know that

Figure 15 the inversion images of landslide soil resistivity of Line‐H2 on November 1 2010

Figure 16 was soil resistivity curve in landslide and
figure 17 was soil resistivity curve out of landslide. Both
resistivity value curve of difference characteristics

showed that the resistivity in and out of landslide had
obviously difference.
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Figure 16 soil resistivity curve in landslide
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Figure 17 soil resistivity curve outside landslide
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Conclusions
This article combines drilling, GPS location monitoring
and high density resistivity method survey on the
formation mechanism and motion characteristics of
K178+530 landslide, and master their formation
mechanism of landslide in permafrost area and the
apparent shape and internal dynamic variation of soil,
and obstain conclusions :
(1) The landslide belongs to superficial and
bedding landslide in permafrost region, Sliding rapidly.
The soil of sliding surface is silty clay, which is loose
when dried, and soft plastic; snowmelt water, rainwater
and fissure water provide water source for the landslide;
tympanites cracks on the slope are beneficial to
atmospheric precipitation pool in landslide and
permeate to landslide, high permeability of landslide
soil mass provide passage for water infiltration;
mudstone and sandstone with low permeability form
aquifuge; silty clay above the aquifuge is influenced by
infiltration water to reach saturation, forming rupture
surface. freezing and thawing have far‐reaching
consequences for the landslide, exhibiting intermittent
slide and bench slope, and there are Drumlin fields on
the landslide slope.
(2) Sliding velocity of the landslide is large
different in different seasons. From mid‐November to
late May of the following year, Rainfall was very small,
the surface layer of ground was frozen, Landslide was at
rest all the while; In late May of the following year, Due
to the seasonal frozen ground melts and snow cover
melting and infiltrating, Landslide began slipping once
again, the sliding velocity of landslide was fastest in this
period (from late May to mid‐June), sliding velocity of
rear edge was 0.89m/d, sliding velocity of middle
landslide was 0.37m/d, and sliding velocity near toe was
0.16m/d; Sliding velocity began decreasing in late June,
sliding velocity of rear edge was 0.51m/d, sliding
velocity of middle landslide was 0.30m/d, and sliding
velocity near toe was 0.11m/d; After mid‐October,
sliding velocity of the landslide was slower, the average
was 0.08m/d.
(3) On the landslide exists bedding son‐landslide,
within the same cross section of landslide, the sliding
displacement of center is largest, the sliding
displacement near landslide flank is smallest. Trailing
edge of the landslide corrodes constantly towards the
road, erosion hazard of the landslide to the road is
strengthening; Landslide leading‐edge position corrodes
constantly to keep the sliding direction.
(4) Resistivity images of the soil outside the
landslide appear high resistivity values only in the
surface, as the depth increases, and resistivity values
render essentially monotone decreasing; In the
landslide sliding surface location, resistivity rendering
mutation hierarchies, it is much obvious different
between upper and lower soil resistivity values change.
According to the characteristics of this exception
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mutations, we can conduct the differential sliding
surface position of feature flags in practice. Using the
high‐density resistivity method to survey the landslide
and its surrounding, accurately to detect the landslide
resistivity value at different locations, according to
characteristic of resistivity value, and combined with
drilling results, to determine the position of sliding
surface: at rear edge, the position of sliding surface was
at the depth of 3.2 meters apart from the ground; at 30
meters apart from rear edge, sliding surface was at the
depth of 4.5 meters; at the middle landslide, sliding
surface was at the depth of 6.5 meters; near the
landslide toe, sliding surface was at the depth of 4
meters, at toe position, sliding surface was at the depth
of 2.5 meters.
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Landslide Formation Mechanism and Traits in Island Permafrost
Region
Shan Wei, Jiang Hua, Hu Zhaoguang, Guo Ying, Wang Chunjiao
Northeast Forestry University, Harbin

Abstract In China’s Heilongjiang Province, Bei’an to
Heihe expressway utilizes the original second‐class
highway to widen and expand for expressway, widen
subgrade of some sections locate in tailing edge of the
landslides, influenced by the landform, geological
condition and climate factors, are in unstable states,
bring great difficulties to widening and expanding
implementation. Took the Bei'an to Heihe expressway
K177+400‐K178+600 section two landslides as the
research object, employed the field survey, topographic
mapping, geological drilling, indoor test, numerical
simulation, field monitoring and theoretical analysis
methods to carry an integrated study on the formation
mechanism of the landslides. Research results show that:
the K177 landslide belongs to cut layer landslide, rupture
surface is located in the middle of completely weathered
mudstone; the K178 landslide belongs to bedding
landslide, rupture surface is located at the bottom of
subgrade spoil and silty clay; atmospheric precipitation,
snowmelt water and seasonally frozen soil thawing water
provide a continued water source for landslide, surface
water and ground water supply the Cretaceous pore
water and Quaternary pore water by infiltration and
lateral runoff through surface cracks and shallow high
permeability rock and soil, low permeability rock and soil
under the loose overburden form aquiclude, rock and soil
of the aquiclude are saturated to be soften form rupture
surface; the landslides have seasonal, gradual, low angle
characteristics.

great harms on building and traffic facility in mountain
area (Zhu et al. 2007; Li et al. 2011).
Bei’an to Heihe highway utilizes the original second‐
class highway to widen and expand for expressway in
Heilongjiang province of China, in the first‐stage project
construction process, many sections subgrade and slope
of K159+000‐K184+000 section which traverses the Lesser
Khingan Mountains occurred landslide, in the most
serious K176+500‐K179+300 section, the subgrade lost
stability due to landslides after construction, were forced
to change the route to build (Shan et al. 2012). Design
stage investigation results show that some sections are
located in landslide body (see Fig.1), affected by landform,
topography, rainfall, freeze‐thaw and other factors,
foundations are in unstable state, bring enormous
difficulties to widening and expanding implementation
(Jiang et al. 2012). Therefore, need comprehensively
analyze the mechanism, scale and hazard of landslide;
accurately reflect the characteristic, occurrence and
development law of landslide, so that can employ
effective prevention and remediation measures in the
expressway construction period (Long et al. 2010). This
article took the Bei'an to Heihe expressway K177+400‐
K178+600 section two landslides as the research object,
employed field survey, topographic mapping, geological
drilling, indoor test, numerical simulation, field
monitoring and theoretical analysis methods to carry an
integrated study on the formation mechanism of the
landslides.

Keywords expressway, landslide, formation mechanism,
stability

Introduction
Landslide is a natural phenomenon that, rock and soil on
the slope, affected by river scour, groundwater activity,
earthquake, artificial cutting slope and other factors,
under the action of gravity, slide down along a weak
plane or zone (Kong et al. 2008; Qiao 2002). High grade
highway constructed in mountain area, due to its special
geology, geomorphology, hydrology and climatic
condition, often appear landslide hazards (Sun et al.
2008). Landslide often interrupts the traffic, affect the
normal transportation of highway, large‐scale landslide
can block the river, destroy highway, destruct factory, has

Figure 1 Aerial view of Bei’an to Heihe expressway landslide
section
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Natural geographic condition of study area
The study area is located in the China's north island
permafrost region. The climate of the area belongs to
continental monsoon climate, the spring gets warm
quickly, the summer is tepidity and rainy, the autumn
gets cool fast, the winter is long and cold. The annual
average temperature is ‐0.6℃, the lowest temperature is ‐
48.1℃, the highest temperature is 35.2℃; the frost free
period is short, only 90‐125 days. The average annual
precipitation is 530‐552mm, and the rainfall concentrates
in July to September of the summer, accounts for about
61‐67% of annual total precipitation. The ground surface
of the area can form seasonal frozen soil, the time of
ground reaching maximum frozen depth is the late of
May, and the maximum seasonal freezing depth is 2.26‐
2.67m. There are many island permafrost distributed in
the cheuch.
The research area is hilly topography, relative height
difference is not big, and part of slope is steep. The
tectonic is in the Wuyun‐Jieya new rift zone, the south is
Shuhe upwarping zone and the north is Handaqi
virgation. Surface exposed stratum: the upper Cretaceous
Nenjiang formation, Tertiary Pliocene series Sunwu
formation, and Quaternary Holocene series modern river
alluvium and stack layers. Rock is bedded, weak

cementation and weathering resistant ability, weathering
depth is larger, near surface portion substantially
weathered. According to the aquiferous medium, supply
and drainage conditions, groundwater is divided into
Cretaceous pore water, Tertiary pore water and
Quaternary pore water three kinds.
Carried out geological survey and topographic
mapping work in the study area, found that the
K177+480‐K177+580 section widen subgrade is located in
ancient landslide body and the K178+510‐K178+550
section widen subgrade is located in modern landslide
body.

K177 landslide
Field survey
The whole landform of landslide area is one ridge at the
back, two ridges on the left and right sides, gentle slope
terrain in the middle part. The flat shape of landslide
body presents a tongue. There are inconspicuous arc
cracks on the tailing edge of the landslide, upheaval on
the front of the landslide and scaly turf on the surface of
the landslide body (see Fig. 2).

Figure 2 Three dimensional terrain of the K177 landslide region

Geological exploration
To survey the geological condition of the landslide, we
arranged 3 drilling holes and 5 resistivity measure lines,
drilling holes position as shown in Fig. 2. According to
the drilling and resistivity surveying results, drew the
engineering geological profile (see Fig. 3). Deformations
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monitoring equipments, temperature and pore water
pressure sensors were respectively embedded in the
drilling holes.
The surface of landslide area mainly consists of
Tertiary pebbly sandstone and subgrade filling, high void
ratio, many cracks in the soil and weak integrity. The
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shallow completely weathered mudstone has obvious
cracks which have evident water encroached signs; the
deep completely weathered mudstone is relatively dense.
Through indoor test, permeability coefficient of subgrade
filling is 2.74×10‐4cm/s, Tertiary pebbly sandstone is
2.55×10‐3cm/s, shallow completely weathered mudstone is
4.55×10‐5cm/s, and deep completely weathered mudstone
is 2.02×10‐6cm/s. The permeability coefficient of surface
rock and soil and shallow completely weathered

mudstone is larger, the permeability coefficient of deep
completely weathered mudstone is smaller, when the
water penetrates downward and accumulates at the
bottom of shallow mudstone, the water content of the
mudstone layer increased gradually, and shear strength
decreases significantly. This judgment, the landslide
belongs to cut layer landslide, rupture surface is located
in the middle of completely weathered mudstone.

Figure 3 K177 landslide engineering geological profile.

Landslide stability numerical simulation
Based on geological survey and indoor test results,
employed the finite element method to study the law that

safety factor of K177 landslide changes with water content
of rupture surface rock and soil. Rock and soil finite
element calculation parameters are shown in Tab. 1.

Table 1 Physical and mechanical parameters of K177 landslide calculation model.
Rock and soil name

Subgrade fill
Pebbly sandstone
Completely weathered mudstone above the
rupture surface(natural/ saturated)
Completely weathered mudstone under the
rupture surface
Highly weathered mudstone and sandstone
Moderately weathered mudstone
Slightly weathered mudstone

Unit weight
(g/cm3)
1.89
1.98

21
5.2

9
27

Modulus of
elasticity
(MPa)
14
26

1.81/1.85

16.4/10.3

8/5

15/15

0.36/0.36

1.80

26.6

12

32

0.35

1.85
1.88
1.91

34.7
45.5
57.6

14
18
19

70
93
110

0.34
0.32
0.3

The shallow mudstone water content is 32.1% and
saturation is 0.899 during surveying, the slope safety
factor is 1.58, the landslide total deformation before
damage is shown in Fig. 4. The landslide is temporarily in
a steady state, but the rupture surface rock and soil has
not reached saturation state, when the water content of

Cohesion
(kPa)

Friction
angle
(degree)

Poisson's
ratio
0.35
0.22

the rupture surface rock and soil continues to increase to
34.7%, saturation reaches 0.972, the safety factor of
landslide will be reduced to 1.08, and the landslide will
reach the state of limit equilibrium, affect the stability of
subgrade slope.
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Figure 4 K177 Landslide total deformation cloud map before damage.

Field monitoring
After surveying, we began to collect monitoring data, 32
days later, found that ZK2 and ZK3 deformation
monitoring pipe were sheared respectively in the depth of
11.0m and 12.1m under the original ground, the
temperature, pore water pressure sensor connections
were also sheared; striation appeared on the front of the
landslide; many cracks appeared on the mountain surface,
and the cracks were in developing trend. Based on these
data and phenomena, judged that the slope occurred
slide. At that same time, employed GPS to monitor the
tube nozzle moving data (see Fig. 5), and paid attention

to the pore water pressure data (see Fig. 6) and
deformation data of ZK4, the vertical and horizontal
displacement of ZK4 were very small.
The landslide began to slide at the rainy season, pore
water pressure of the region was max of the year, and
reached the steady state until winter, the maximum
horizontal displacement respectively reached 1.03 and
0.9m. The landslide slid again in the spring melts period
of the following year, the seasonal frozen soil layer of the
area was completely melted at that time, pore water
pressure increased rapidly, and the maximum horizontal
displacement respectively reached 1.73 and 1.14m.
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Figure 5 Curve of nozzle horizontal displacement changes with time.
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Figure 6 Curve of ZK4 pore water pressure changes with time
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Landslide formation mechanism
Topography condition: topography of the landslide is
upper steep and lower gentle, one ridge at the back, two
ridges on the left and right sides, is avail for surface water
and ground water to assemble in landslide; the rupture
surface is so gentle to retain water for a long time.
The effect of climate and water: atmospheric
precipitation, snowmelt water and seasonally frozen soil
thawing water constantly supply the Cretaceous pore
water. Under the action of water, unit weight of the slide
body increases and shear strength of rupture surface rock
and soil decreases.
Geological condition: surface thermal contraction
cracks and shallow high permeability rock and soil
provide infiltration and lateral runoff channel for surface

water and ground water; low permeability mudstone
under the loose overburden forms aquiclude, completely
weathered of the aquiclude is influenced by the
Cretaceous pore water to be saturated, shear strength
decreases dramatically and forms rupture surface.

K178 landslide
Field survey
The landslide is located in the valley. The flat shape of
landslide body presents a tongue. There are conspicuous
arc dislocation and ponding on the tailing edge of the
landslide, upheaval on the front of the landslide and
cracks on the surface of the landslide body (see Fig. 7).

Figure 7 Three dimensional terrain of the K178 landslide region.

Geological exploration
To survey the geological condition of the landslide, we
arranged 4 drilling holes and 6 resistivity measure lines,
drilling holes position as shown in Fig. 7. According to
the drilling and resistivity surveying results, drew the
engineering geological profile (see Fig. 8). Deformations
monitoring equipments, temperature and pore water
pressure sensors were respectively embedded in the
drilling holes.
The surface of landslide area mainly consists of
Tertiary pebbly sandstone and subgrade spoil, high void
ratio and weak integrity. There are many cracks on the
subgrade spoil surface, and large free water in the cracks.
Underlying subgrade spoil and silty clay, completely
weathered mudstone and sandstone are relatively dense.

Through indoor test, permeability coefficient of subgrade
‐8
‐8
spoil is 6.19×10 cm/s, silty clay is 3.84×10 cm/s, Tertiary
‐3
pebbly sandstone is 4.11×10 cm/s, completely weathered
mudstone is 6.34×10‐6cm/s, and completely weathered
sandstone is 2.12×10‐7cm/s. There are many cracks on the
slope surface and the permeability coefficient of the
upstream pebbly sandstone is larger, the permeability
coefficient of the subgrade spoil and silty clay is smaller,
when the water penetrates downward and accumulates at
the bottom of subgrade spoil and silty clay, the water
content of subgrade spoil and silty clay increased
gradually, shear strength decreases significantly. This
judgment, the landslide belongs to bedding landslide,
rupture surface is located at the bottom of subgrade spoil
and silty clay.
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Figure 8 K178 landslide engineering geological profile.

Landslide stability numerical simulation

safety factor of K178 landslide. Rock and soil finite
element calculation parameters are shown in Tab. 2.

Based on geological survey and indoor test results,
employed the finite element method to simulate the

Table 2 Physical and mechanical parameters of K178 landslide calculation model.
Rock and soil name

Unit weight
(g/cm3)

Subgrade spoil
Silty clay
Pebbly sandstone
Completely weathered mudstone and sandstone
Highly weathered mudstone and sandstone
Moderately weathered mudstone

The subgrade spoil water content is 37.1% and
saturation is 0.953, slity clay water content is 28.7% and
saturation is 0.925 during surveying, the slope safety

1.87
1.91
1.98
1.76
1.83
1.89

Cohesion
(kPa)
13
14.2
5.9
23.4
35.6
48.3

Friction
angle
(degree)
1.5
7.2
31
11
13
17

Modulus of
elasticity
(MPa)
0.63
2.2
28
58
75
90

Poisson's
ratio
0.47
0.43
0.22
0.35
0.33
0.30

factor is 1.02, the landslide total deformation before
damage is shown in Fig. 9. The landslide is in the limit
equilibrium state, affects the stability of subgrade slope.

Figure 9 K178 Landslide total deformation cloud map before damage.

Field monitoring
After surveying, we began to collect monitoring data,
found that ZK1 and ZK2 deformation monitoring pipe
were sheared respectively in the depth of 6.5m and 4.2m
under the ground; dislocation on the landslide trailing
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edge increased, striation appeared on the both sides of
landslide, cracks on the landslide body increased. Based
on these data and phenomena, judged that the slope
occurred slide. At that same time, employed GPS to
monitor the tube nozzle moving data (see Fig. 10), and
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paid attention to the pore water pressure data (see Fig. 11),
ground temperature data (see Fig. 12)and deformation
data of ZK3, the vertical and horizontal displacement of
ZK3 were very small.
The landslide began to slide at the rainy season,
pore water pressure of the region was max of the year,
and reached the steady state until winter, the maximum

horizontal displacement respectively reached 32.2 and
60.0m. The landslide slid again in the spring melts period
of the following year, the seasonal frozen soil layer of the
area was completely melted at that time, pore water
pressure increased rapidly, and the maximum horizontal
displacement respectively reached 50.8 and 91.5m.
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Figure 10 Curve of nozzle horizontal displacement changes with time.
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Figure 11 Curve of ZK3 pore water pressure changes with time.
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Figure 12 Curve of ZK3 ground temperature changes with time.

Landslide formation mechanism
Topography condition: topography of landslide is upper
steep and lower gentle, around high and intermediate
low, is avail for surface water and ground water to

assemble in landslide; the rupture surface is so gentle to
retain water for a long time.
The effect of climate and water: atmospheric
precipitation, snowmelt water and seasonally frozen soil

79

Shan Wei, Jiang Hua, Hu Zhaoguang, et al. –Landslide Formation Mechanism and Traits in Island Permafrost Region

thawing water constantly supply the Quaternary pore
water. Under the action of water, unit weight of the slide
body increases and shear strength of rupture surface rock
and soil decreases.
Geological condition: surface cracks and shallow
high permeability rock and soil provide infiltration and
lateral runoff channel for surface water and ground water;
dense subgrade spoil and silty clay form aquiclude,
subgrade spoil and silty clay of the aquiclude are
influenced by the Quaternary pore water to be saturated,
shear strength decrease dramatically and form rupture
surface.

Conclusions
The K177 landslide belongs to cut layer landslide, rupture
surface is located in the middle of completely weathered
mudstone; the K178 landslide belongs to bedding
landslide, rupture surface is located at the bottom of
subgrade spoil and silty clay.
During survey, the K177 landslide is temporarily in a
steady state, as the completely weathered mudstone of
rupture surface saturated, the landslide will reach the
state of limit equilibrium; the K178 landslide is in the
limit equilibrium state.
Atmospheric precipitation, snowmelt water and
seasonally frozen soil thawing water provide a continued
water source for landslide; surface water and ground
water supply the Cretaceous pore water and Quaternary
pore water by infiltration and lateral runoff through
surface cracks and shallow high permeability rock and
soil; low permeability rock and soil under the loose
overburden form aquiclude, rock and soil of the
aquiclude are saturated to be soften form rupture surface.
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The landslides have seasonal, gradual, low angle
characteristics.
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A Fast Stability Evaluation Method of Collapse in Sliding Type Slopes
Shen Shiwei, Nie Lei, Dai Sunlin, Xu Yan
College of Construction Engineering, Jilin University, Changchun, Jilin, 130026

Abstract The principle features of the sliding‐type
collapse, one of the most common failure modes in
highway slope instability, are the existence of gentle
inclined joints or soft strata and the tensile cracks on the
top of slopes. Based on the six major influent factors of
sliding‐type collapses along the Ji’an‐Gumalin Highroad
slopes, a fast stability evaluation system has been
proposed so as to analyze the stability of slopes in
different working conditions. The result shows, in natural
state, the collapse masses are less‐stable, while under the
conditions of precipitation and seism, the collapse masses
are unstable, and factor of safety is lower in precipitate
condition.
Keywords sliding‐type collapse , influent factors, fast
stability evaluation method

Introduction
As for one of the major failure modes in slope
engineering, slope collapse is usually accompanied with
complex geological condition, cracked rock mass, and
obvious failure mode. Recent years, scholars at home and
abroad have done lots of research in various respects.
Zhao Jianjun[1] , Liu weihua[2] from Chengdu Technology
University have studied the characteristics of joints on
the slope with statistical method and summarized the
failure mechanics. Then build up an evaluation system
using limit equilibrium method, and through method of
interacting relationship matrix, weights of different
parameters have been fixed, coming up with a fast
stability evaluation system. Tian qinyan[3] from
Zhongnan university studied the fractural rock slopes
with key block theory, and then founded the stability
evaluation system in some research of slopes. Besides, Xie
qiyong[4], Yan e’chuan[5], Quan fenwen[6], Duan
haipeng[7], Yu zihua[8], Huo xiangyu[9], and Ling
bisheng[10] have discussed the different aspects of
fractural slopes including, the engineering geological
condition, influencing factors of fractural rock slopes’
stability, analysis of failure mechanism, and the stability
evaluation. Shen shiwei[11] has chosen six major
influencing factors of sliding‐type collapse as the research
content and built up a fast evaluation model for Ji’an‐
Gumaling collapse, then compared with the traditional
static force analysis method.
As for the collapse of slopes, due to their abruptness,
it is important for the engineers to finish the stability

evaluation in as short time as possible, even make the
judgment in the field. This paper has proposed a fast
evaluation system. Through the confirmation of weights
of different parameters by experience and theoretical
calculation, the fast stability evaluation method can be
taken in the field.

Failure mechanism of slope’s sliding‐type collapse
With the existence of weak structural plane beneath the
unstable rock masses, and tensile cracks on the back edge,
slopes tends to show a creep and tension‐crack motion.
Firstly, the ground water infiltrates from the cracks into
the slopes, weaken the soft structural plane. The water
pressure and the gravity of the rock masses contribute to
the creep slide of the slope. As the deformation reach to a
certain value, the collapse of the slope happens. This type
of collapse mass can be divided into three parts: tensile
crack zone, locked zone, and the creep zone. The
schematic figure of the sliding collapse is shown in Fig. 1.

Fig.1 Schematic figure of the sliding collapse

Influent factors of stability in sliding‐type collapse
slopes
The sliding‐type collapse of slopes has a complex and
various influent factors. For the consideration of
engineering geological condition, physical and
mechanical property of rocks and the inducing factors of
the circumstance, the evaluating variables are as
followings:
(1) Depth of the tensile crack. As for the sliding‐type
collapse, the process of the slope failure can be described
as: the transfixion of tensile crack and weak sliding plane,
deformation of unstable rock mass towards the free face,
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and the final collapse of slopes. Therefore, the depth of
tensile crack on the back edge of slopes is an important
factor in stability evaluation: the deeper of the cracks, the
weaker slopes are.
(2) Dip angle of sliding plane. The sliding plane of
the slope determines the failure process, and can be seen
as a significant factor. From the mechanical model of the
sliding mass, we can find that with a higher dip angle, the
deformation of rocks is accessible and the factor of safety
is lower.
(3) Mechanical property of structural plane. The
shear resistance of structural plane plays an important
role in the stability evaluation of all kinds of slopes.
Obviously, the lower shear resistance, the weaker slopes
performs.
(4) Weathering degree of rocks. Weathering degree
of unstable rocks represents the fissures and mechanical
property of rocks. The stability of slopes is weak with a
low anti‐weathering ability rocks.
(5) Underground water. Underground water is the
primary inducing factor of the surrounding environment
to the stability of slopes. Researches show, the probability
of collapse happening in the raining period is much larger
than other time. The precipitation causes the
accumulation of groundwater in the fissures of rocks,
applies a horizontal water pressure to the collapse mass,
and weakens the mechanical property of rock mass,
which all have a negative effects on the slope’s stability.
(6) Unloading relaxation. Cracks from the unloading
relaxation have largely determined the distribution of
collapse rocks. Slopes with a high degree of unloading
relaxation are broken, infiltrated by water easily, and
with a high failure probability.
(7) Other inducing factors. There are some other
influencing factors in the evaluation of slope’s stability,
including seism and artificial explosion. The dynamic
load opens the fissure, looses the structural plane and
makes the rock fragmented.
In summary, the influencing factors of sliding‐type
collapse are interrelated, variance from one factor leads
to changes in some other factors. And the stability of
slopes is the combining influence of these variables.

A rapid assessment method for sliding collapses
The stability of the dangerous rock mass of the type of
the sliding collapse can be calculated with the static
analysis method, but in the practical engineering, it
usually needs to be determined by the technicians at the
scene when a rapid assessment method is needed.
The rapid assessment method for the stability of the
dangerous rock mass is conducted on the basis of the
rapid assessment index system which can be summarized
as: (1)description of the dangerous rock mass
characteristics; (2)establishment of the qualitative rapid
assessment index system; (3)rapid assessment of the
stability of the dangerous rock mass; (4)index assignment;
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(5)quantitative rapid assessment of the stability of the
dangerous rock mass.
Introduction of the relational matrix for the interaction
between indicators
The key controlling factors for sliding collapses include:
rear edge crack depth(F1), sliding surface inclination(F2),
structural plane mechanical properties(F3), rock mass
efflorescence degree(F4), groundwater(F5) and unloading
flabby condition, which interact to form the rapid
assessment index system of the stability of the sliding
dangerous rock mass. In the qualitative analysis of the
stability of the dangerous rock mass, the mutual relations
between indicators have to be taken into consideration
which is usually characterized with the relational matrix
that means to determine the importance of the stability
of the dangerous rock mass by analyzing the contribution
and the interaction strength between indicators.
The relational matrix of the interaction of the
stability of the dangerous rock mass sets the key
controlling factors (F1‐F6) on the main diagonal while the
relationship between every two factors on the sub‐
diagonal(Fig.2).

Fig.2 interaction in the relational matrix

Each element in the matrix is given different values
with the range from 0 to 4 based on the interaction
strength, of which 0 means no effect, 1 means a weak
effect, 2 means equal effect, 3 means stronger effect and 4
means the strongest effect. The value of each element is
presented as Iij, and the value of Fi affecting Fj shows 0
on the main diagonal, so the relational matrix is shown as
Fig.3
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efflorescence degree(F4), groundwater(F5) and unloading
flabby condition. On the non‐main diagonal, the
indicators are valued 0‐4 on the basis of the influence
degree by the experts half quantitative value method
(Table1).

I1i
I2i
I3i
I4i
I5i
I6i
Ei
Fig.3 relational matrix of the interaction between multi‐factors

In the practical engineering, introduce the activity
index to mean various contributions of each factor to the
system:

ki =

Ci + Ei

n

=

Ci + Ei
n

n

∑ ( Ci + Ei ) ∑ ∑ Iij
i =1

i =1 j=1

In the matrix, the key controlling factors are set on
the main diagonal of which each indicator on the line
means the influence on the other indicators which on the
rank means the influence exerted by other indicators on
one indicator. The key controlling factors include rear
edge crack depth(F1), sliding surface inclination(F2),
structural plane mechanical properties(F3), rock mass

Table1 valves of the interaction of the relational matrix
Ii1
Ii2
Ii3
Ii4
Ii5
Ii6
Ci
ki(%)
F1
0
2
3
4
1
10
18.27
F1
0
2
3
4
1
10
18.27
0
F2
1
1
2
1
5
6.73
1
1
F3
3
3
2
10
22.12
1
0
4
F4
2
1
8
18.27
4
1
3
2
F5
0
10
21.15
3
0
3
2
1
F6
9
13.46

value of each indicator
To quantitatively evaluate the stability of the dangerous
rock mass, each indicator needs to be valued[253]
according to the interaction, influence and relationship.
And because the 6 key controlling factors above are all
qualitative, each indicator must be calculated after
quantified in accordance with uniform standards.
Use the expert half quantitative valve method to
value each indicator on various occasions and establish 3‐
standards of value: 0 means low contribution, 1 means
contribution and 2 means high contribution. The rapid
assessment indicators of the dangerous rock mass are
quantized as Table 2 according to various characteristics
of various indicators and the influence on the stability of
the dangerous rock mass.

Table2 value of each indicator

(F1) rear edge crack depth
values rules
0
<0.1slope height
1
medium
2
>0.5 slope height
(F4) rock mass efflorescence degree
values rules
0
low
1
medium
2
high

(F2) sliding surface inclination
values rules
0
<20º
1
20º‐60º
2
>60º
(F5) groundwater
rules rules
0
No water
1
medium
2
high

Calculation and classification of the instability indicators
To calculate the stability of the dangerous rock mass
as the equation following, we need determine the weight
of each indicator according the matrix and determine the
single factor classification index with the qualitative
analysis method.
n

UMII = λi ∑ ki •
i =1

Fi
2

Where: Fi‐the ith single factor classification index
ki ‐weight of the ith indicator
λi‐ correction coefficient of rainfall or earthquake

[1]

(F3) structural plane mechanical properties
values rules
0
stronger
1
strong
2
low
(F6) unloading flabby condition
values rules
0
weak
1
medium
2
high

UMII is a variable which called instability index of
rock mass. It is calculated by the influencing factors that
can evaluate the stability of the dangerous rock mass. Λis
the correction factor of rainfall and earthquake, under
natural conditions usually used 1.0. There are six master
control factors of unloading relaxation to represent the
effect of the earthquake on the stability of the dangerous
rock mass. The correction factor of weak relaxation,
middle relaxation and strong relaxation is 1.0, 1.2 and 1.5.
It is through mechanical property of structural plane to
represent the effect of the rainfall on the stability of the
dangerous rock mass. The correction factor of weak
rainfall, middle rainfall and strong rainfall is 1.0, 1.2 and
1.5.
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To quantitatively describing the stabilize degree of
rock mass, grade stability of the dangerous rock mass on
the basis of computational formula (1). According to
standard for classification of rock mass by Huang Da, it
divided stabilize degree into four levels: stable, more
stable, understable and instability. Combining with
engineering practice, on the basis of the UMII, get the
classification about stability of the dangerous rock mass
such as table 3.
Table 3 The classification about stability of the dangerous rock
mass
Level of
stability
Ⅳ
Ⅲ
Ⅱ
Ⅰ

Degree of
stability
stable
more stable
understable
instability

Index of
instability UMII
<25
25‐50
50‐75
>75

Level of
stability
Ⅳ
Ⅲ
Ⅱ
Ⅰ

The rapid assessment system of rock mass stability
for sliding collapses based on rapid evaluation index
system, which used the method of qualitative and semi
quantitative to quick judge the stability of rock mass.
During the evaluation, the first thing was to research
engineering geological conditions of rock mass. Study on
the interaction of each evaluation index, and make
qualitative analysis of rock mass. Then get the value of
evaluation index, and make quantitative analysis. The
process can be divided into four steps and described as
follows: (1)description of the dangerous rock mass
characteristics; (2)establishment of the qualitative rapid
assessment index system; (3) index assignment;
(4)quantitative rapid assessment of the stability of the
dangerous rock mass. It can be seen from above process,
accuracy analyzed the engineering geological condition of
rock mass is the basis of rapid evaluate stability. Get the
reasonable values of evaluation index is the significant
effect on quantitative evaluation.

highway, as the profile map is shown in the fig 4. The
slope rate is 70 degree, and the slope height is 20 meters.
The rock of the slope is of high level fragmentation and
seriously weathered. The lithology of the layer is mainly
early stage yanshan granite, between which developed
thin layers of mudstone, and the whole slope developed
joint fissure, the main of which is divided into three
groups, the occurrences of which are 195°∠75°、115°
∠36°、285°∠65°, otherwise the trailing edge crack
is about 2 meters deep, the dip angle of the sliding
surface is 36 degree, the rock density is 2.72g/cm3, the
cohesion of the shear surface is 2.8 Kpa, and the friction
angel is 11 degree. Choose the main six control parameters
for the fast evaluation system, and give values of the
parameters according to the Quantitative values in the
table 2, and list the result in the table 4.
unloading joint

C

25 m

20 m
B
A

collapse
deposit

15 m

20 m

5m
road

0m
Fig 4 The slide profile map of K6+965 section

Practical engineering case
The typical section of the researched area is located in
the K6+965 section on the right side of Jian‐Gumaling
Table 4 Fast evaluation parameters table of Jian‐Gumaling highway typical section
(F1) trailing edge crack depth
(F2)dip angle of the sliding surface
(F3) mechanical characteristic of structure
surface
Specific
Quantitative value
Specific conditions
Quantitative value
Specific conditions
Quantitative value
conditions
2m
0
36°
1
C=2.8kPa
φ=11°
2
(F4)weathered degree of rock
(F5) groundwater condition
(F6)The unloaded and relaxed state
Specific
Quantitative value
Specific conditions
Quantitative value
Specific conditions
Quantitative value
conditions
Badly weathered
2
Crack is not full of
1
Medium unloading
1
water

According to the interaction matrix in table 1, assuming
the correction factor as 1.5 under the condition of rain,
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and assuming the correction factor as 1.2 under the
condition of earthquake, we got the dangerous rocks
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instability index values (UMII) under different working

conditions, as is shown in table 5.

Table 5 Dangerous rocks instability index values under different working conditions.
Different working
Nature working condition Raining working condition
Earthquake working
conditions
condition
instability index values
68.06
107.45
81.35
（UMII）
Rock stability
understable
instable
instable
classification
Different working
Nature working condition Raining working condition
Earthquake working
conditions
condition

As is shown in table 5, K6+965 section is understable
under the nature working condition, and is unstable in
the Raining working condition and Earthquake working
condition, and the stability is worse in the raining
condition compared with the earthquake condition.

Conclusion
According to the research, we got this conclusion:
(1) Sliding type landslide is mainly composed of pull‐
crack in the trailing edge, locked soil in the middle part
and the creep in the front end, and the main failure mode
is creep‐pull crack failure.
(2) The main factors which influence the stability of
sliding type landslide are composed of trailing edge crack
depth, the dip angle of the sliding surface, mechanical
characteristic of structure surface,weathered degree of
rock,groundwater condition, and the unloaded and
relaxed state.
(3) The research process of slide rockmass fast evaluation
stability system can be summarized as:
(4) ①characteristic description of dangerous rockmass ②
establish dangerous rockmass fast evaluation stability
system ③ qualitatively evaluate the stability of the
dangerous rockmass ④ evaluate index assignment ⑤
quantitative fast evaluation of stability of the dangerous
rockmass.
(5) The result taking Jian‐Gumaling highway Sliding type
landslide as example indicates that the section is
understable under the nature working condition, and is
unstable in the Raining working condition and
Earthquake working condition, and the stability is worse
in the raining condition compared with the earthquake
condition.
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Abstract Shallow slope failure occurred frequently along
the Jiamusi‐Harbin section of Tong‐San highway in
Heilongjiang Province (Jia‐Ha highway), China in April
and May every year since the highway construction
involving cut‐slopes, in 1997. Because seasonally frozen
areas are widely distributed in this area, the melting of
frozen soil is thought to be the main reason for the slope
failure. We selected two different slopes, one protected
by geotechnical countermeasure works of steel‐concrete
frame but which failed, and another that was protected
by biotechnical countermeasure works which included
trees, and remained stable, to analyze the possible
mechanism of the shallow slope failure at the cut‐slopes
in this area, and the suitability of the countermeasure
works.

May when the temperature becomes high enough to
make the frozen layer in the slope melt, but the effective
countermeasure methods to protect this kind of slope
failure are not available. In this research, done for the
purpose of preventing this kind of slope failure in the
highway, two kinds of countermeasure works were
designed for study that would be suitable for the slope
protection in the seasonally frozen area. One
countermeasure is a geotechnical approach using a steel‐
concrete frame to support the shallow surface soil layer
(Figs. 2‐3); the other is through a biotechnical approach
using plants and grass (Fig.4).

Keywords shallow slope failure, highway cut‐slope,
seasonal freeze area, biotechnical countermeasure

Introduction
Tong‐San highway is one of the longest highways in
China. It starts from Tongjiang City, Heilongjiang
Province located in the Northeast, and ends at Sanya City,
Hainan Province located in Southern China. The entire
length is 5700 km, and crosses different climate zones.
Jiamusi‐Harbin section (Jia‐Ha highway) is the north part
of the Tong‐san highway, and is located in a seasonally
frozen area.
Topography in this area is low hills with wavy gentle
slopes. During the first several years after the opening of
the highway in 1997, many shallow slope failures occurred
in the cut‐slopes. Fig.1 shows a typical case of this kind of
slope failure. The thickness of the displaced soil mass is
limited to about 1 m, but the sliding mass moves for a
long distance, generally 3 to 5 m. Sometimes it reaches
the driving path of the highway, and hinders the traffic.
For most cases, the shallow slope failures damaged the
landscape and had resulted in an eyesore for drivers,
hindered the drainage at the side of the highway, and
increased the cost for maintenance. This kind of slope
failure generally occurred on a slope, with an angle of 33.7
degrees (1:1.5), and a slope height of about 5‐25 m.
Through the statistical survey, it is clearly found
that the shallow slope failures always occur in April and

Fig. 1 Shallow slope failure occurred along the Jia‐Ha highway

Fig.2 shows the slope situation protected by the
steel‐concrete frame. The steel‐concrete beam of the
frame is 0.4 m wide and 0.4 m thick. It was fixed to the
slope by a steel pile of 1.8 ‐ 2.0 m long, and formed two
lanes of rectangles, 2 m long and 3 m wide for each. As
can be seen in the Fig. 2a, the horizontal beam in the
second line was curved down at two sides because of the
pressure coming from the soil in the upper rectangle, and
the resistance coming from the lower supporting beam.
In Fig. 2b, the failure of the lower supporting beam can
be observed. In Fig.2c, the subsidence and sliding
displacement along the slope direction of the upper
horizontal beam is obvious. From this kind of evidence, it
is clear that this kind of continuous stiff countermeasure
work is not suitable in this area.
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season around April and May when slope failure
frequently occurred in other parts having similar
geometric and geological conditions.

(a)

(b)

(c)

Fig. 2 Highway slope protected by steel‐concrete frame. Failure
occurred in the structures

Fig. 3 Slope failure in Jia‐Ha highway protected by hollow blocks

Fig.3 shows another type of geotechnical
countermeasure approach. The hollow blocks were used
to stabilize the surficial soil. The purpose of the empty
hollow space was for growing grass. However, as seen in
Fig. 3, these blocks were ineffective for the slope
protection. Because the root of the grass is too short, it
cannot supply enough resistance to stop the surficial soil
deformation. The weight of the block is also too weak to
keep it on the deformed slope. As a result, this kind of
discrete stiff countermeasure work is also not suitable for
slope stabilization in the frozen area.

Fig. 5 Rich leaves of Amorpha fruitcosa (AF) (left) and
Lespedeza (LP)

Fig. 6 Roots of Amorpha fruitcosa (AF) (left) and Lespedeza
(LP)

Fig. 4 Highway slope covering with Amorpha fruitcosa (AF)
(upper) and Lespedeza (lower)

Conversely, the countermeasure work applied
through a biotechnical approach with the plants known
as Amorpha fruitcosa (abbreviated as AF) and Lespedeza
(abbreviated as LP) achieved great success. As shown in
Fig. 4, AF and LP have performed well for slope
protection in this area. They have made not only an
improved aesthetic affect in summer and autumn, but
they also can keep the slope stable during the melting
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AF and LP are two kinds of small plants which can
grow well in a cool area, like that in northeastern China
(Fig.5). They have dense leaves that can prevent rainfall
infiltration to the slope directly and stop surface erosion.
They also have substantial roots, and the roots are long
and strong (Fig.6). Especially, AF has a long main root at
the center, and some side roots around the main root.
Special characteristics for AF are that there are many
small hair‐roots developing from the main root and side
roots, and all of the roots are curved. These
characteristics make the AF fix well with the surface soils,
and have a good water exchange with soils. The main
root of LP is not so long or strong, and the hair roots are
not so substantial when comparing with AF, however, LP
has more side roots than AF, and the side roots are much
longer than that of AF.
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Fig. 7 Site map and the distribution of the shallow slope failure along the Jia‐Ha highway.

Fig.8 Google Earth image of the study area at the Jia‐Ha highway near Harbin City. in 2009

Concerning the effect of tree roots in reinforcing
slopes, a lot of work has been published (Waldron 1977,
Preston and Crozier 1999; Schmidt et al. 2001; Roering et
al. 2003). Through a case study on landslides, Wu et al
(1979) analyzed the strength of tree roots, and proposed
the Wu‐Waldron model. Wu et al (1988) also conducted
an in‐situ shear test with roots in the soil. However, there
are few investigations on root effects for seasonally frozen
slope stability. In this paper, we will first investigate the
mechanism of the shallow slope failure in the seasonally
frozen area through field investigation and in‐situ
measurement of soil conditions. Then, through a
comparative study, we will examine the reason that the
two kinds of plants can successfully protect the shallow
slope from failure in the seasonally frozen area.

Site characteristics
Fig.7 is a site map of the Tong‐San highway in general
and a zoomed area of the Jia‐Ha highway. The Tong‐San

highway connects the eastern part of China from the
northern‐most to the southern‐most parts, and this area
is the most important area for the Chinese economy. In
the zoomed area of the Jia‐Ha highway, many shallow
landslides occurred along the highway. This figure shows
the statistical survey result from 2008. A general
characteristic is that all of the shallow landslides
occurred at the southern slope of the highway. One
possible factor may be that the groundwater from the
hills passes through those slopes and flows to the river,
making those slopes a high groundwater area. The other
factor may be the evaporation caused by sunshine. The
southern slopes have less evaporation than the northern
slopes, and this will affect the depth difference in the
groundwater in both sides, i.e., the groundwater level is
shallow in the southern slopes, and deep in the northern
slopes. With the two factors, the groundwater is more
abundant and shallower in the southern slopes than the
northern slopes, and this will contribute to the slope
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failures in the southern slopes in during the seasonal
melt.
Due to good access from the Harbin city, two sites,
Site‐A and Site‐B, were selected along the Jia‐Ha highway,
near the Jinjia toll gate (Fig.8). Site‐A is covered with AF
and LP, and Site‐B is reinforced with steel‐concrete frame.
At both sites, small grasses were covering the slopes in
summer and autumn.
The Jia‐Ha highway is located at the south bank of
the Songhua River in the southeast part of Heilongjiang
province, northwest part of Zhangguangcai Ridge in the
small range of Changbai‐san mountain system. It crosses
Yilian county, Fangzheng county and Binxian county of
Harbin City. The highway passes mostly mountainous
and hilly areas, higher in elevation at the south and lower
at the north, where steep hills and sparsely distributed
with hilly formations. The topography in this area is
fluctuates in elevation, and the altitudes range between
150 m and 250 m. Surface drainage mostly is
unobstructed with the exception of some low‐lying
sections. Ground vegetation mostly is arable land and
woodland, and woodland is mainly shrubbery, including
secondary forests and artificially planted forests. The
natural division of the road is classified as level‐II2, which
is a severe frozen zone on a piedmont plain. The surface
deposits along the highway are mostly Quaternary
alluvium. No activity was found in fault zones, and the
geological stability is good.
The stratum structure along the highway is mainly
colluvium of later Pleistocene (Q3). The upper is yellow
sandy loam, silt‐mixed clay, and its thickness is between 3
m and 20 m. In some parts, the thickness can reach 30 m.
The soils are mostly middle or low consolidated clay. At
the base, yellow gravel and grey gravel is distributed.
Parts of these gravels have a clay lenticular layer, and the
thickness is between 5 m and 15 m. The rock is mainly
yellow and white granite, with a sandy and gravel‐like
weathering zone at the top.
The climate of this region is a continental seasonal
windy climate of the North Temperate Zone. It is
characterized by hot and rainy summers, cold and dry
winters, windy and dry springs, and cool autumns with
early frost. The rainy season concentrates in June to the
end of August. The average annual temperature is 3.2
degrees Centigrade, with a record high of 36.4 degrees
Centigrade, and a record low of ‐41.1 degrees Centigrade.
The average annual rainfall is 542.6 mm. The maximum
thickness of snow accumulation is 500 mm and the
maximum depth of frozen soil ranges from 1.8 m to 2.2 m.
The stable ground freezing starts in late November, and
the stable ground melting occurs in mid‐April of the next
year. The average annual evaporation is 1418.8 mm,
prevailing wind is southwest in direction with a
maximum wind speed of 30 m/s and average wind speed
of 4.3 m/s.
Two sites, Site A (see figure 4) and Site B (see figure
2), were selected for the field monitoring and study. For
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each site, measurements were conducted along three
sections (Fig.9).

Fig. 9 Working sections in Site‐A (upper) and Site‐B (lower)

To study the mechanism of the shallow slope failure
that often occurred between April and May, the following
field investigation and measurements were conducted in
this period.
(a) Along the three sections in Site‐A and Site‐B,
respectively, portable penetration tests were
conducted. The measurement stopped when the
frozen layer was penetrated. The depth is about 2 m to
3 m. At the same points, ground temperature was
measured at the slope surface. Because the length of
the sensor is just 1 m, only 1 m below the surface was
measured.
(b) Three trenches (P‐1, P‐2 and P‐3) were excavated at
the three different cover types, AF, LP, and grass,
respectively. In the trenches, repeated measurements
from winter to spring on hardness of soil, density,
water content, were made at different depth, to clarify
the parameter change and the effect of the different
plants and cover.
(c) Soil samples were taken from the slope, and ring shear
tests were conducted on the saturated soil, to
investigate the shear resistance behavior during
shearing.
(d) In‐situ direct shearing tests were conducted on the
slope soil with different plant roots, including those of
AF, LP and grass.
Through the test analysis, (a) to (c), the mechanism of
the shallow slope failure in the seasonally frozen area was
clarified. From the test results of (d), a reasonable
conclusion was obtained for using biotechnical approach
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preventing this kind of failure. The following gives an
explanation of the details.

Mechanism of shallow slope failure along the high way
in the seasonally frozen area
Field investigation and ring shear tests were conducted to
study the mechanism of the shallow slope failure. Among
them, portable penetration tests with ground
temperature measurements were conducted on 26‐30
April 2008, when shallow slope failure started to appear
at a different part of the highway slope. In the period
between November 2007 to May 2008, three trenches
were opened in three types of ground containing
different plants, i.e., AF (the trench P‐1), LP (the trench
P‐2) and grass (the trench P‐3). Monitoring on water
content (using a moisture sensor) was conducted, and
the tendency of water content change was obtained.
Portable penetration tests and ground temperature
measurements
Portable penetration tests and ground temperature
measurements were conducted at Site‐A and Site B, three
sections for each, up to the depth of 2.5 m. Fig. 10 and Fig.
11 present the ground temperature measurement results
for Site‐A and Site‐B, respectively, while Fig. 12 and Fig. 13
present the portable penetration test results.
Ground temperature was measured every 0.2 m, up
to 1 m deep, because of the limitation of the length of the

(a: A‐1 section)

temperature sensor. Fig. 10 and Fig. 11 show the results.
Due to the existence of the frozen layer, the ground
temperature decreased to zero degrees when the depth
reached about 0.6‐0.7 m. For the same depth, those
points around the middle slope have relatively lower
temperatures compared to the others at the upper slope,
and lower slope, indicating that the groundwater
concentrated more in the middle slope than in the other
parts. Especially, the ground temperatures at the upper
slope (see point 1 and 2) did not decrease to zero, with
respect to the melting process of the frozen layer which
had already melted in this period if it existed.
Fig. 12 and Fig. 13 are the results for the portable
penetration tests in Site‐A and Site‐B, up to the depth of
about 2.5 m. For the middle slope and lower slope at the
depth smaller than 1.0 m, the penetration resistance
corresponded well with the ground temperature; when
the ground temperature was higher than zero degrees,
the penetration resistances nearly equalled zero. Wen it
reached the frozen layer, the resistance became much
larger. At about 1.5 m, the resistance began to decrease,
perhaps due to the fact that the penetration head passed
through the frozen layer. Because the ground surface was
quite dry for the two points at the upper slope, the
penetration resistances were quite higher than the other
parts. This may be the reason why the shallow slope
failure mostly occurred at middle slope, and did not
occur at the upper slope.

(b: A‐2 section)
Fig. 10 Ground temperature measurement (Site‐A)

(c: A‐3 section)
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(a: B‐1 section)

(a: A‐1 section)

(a: B‐1 section)
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(b: B‐2 section)
(c: B‐3 section)
Fig. 11 Ground temperature measurement (Site‐B)

(b: A‐2 section)
(c: A‐3 section)
Fig. 12 Penetration test results (Site‐A)

(b: B‐2 section)
(c: B‐3 section)
Fig. 13 Penetration test results (Site‐B)
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Trench investigation and soil property measurement
Fig. 14 shows the monitoring results at the trenches under the
conditions of different plant covering, i.e., grass only, AF, and
LP. Through November to the next May, the water content
ranged at 10‐20% for the AF and LP covering, while it ranged at
18‐25% for the grass only covering (through March to May). The
water content is obviously higher with the grass‐ only covering
than that of AF and LP. Maybe one of the effects of the AF and
LP plants protecting slope failure is through decreasing the

water content in the slope. When water content is lower, the
effect from frozen should be weaker.
To measure the permeability of the slope soil, undisturbed
samples were taken from 0.3 m, 0.6 m and 1.4 m in depth,
respectively, from the trench P‐2. Using the falling head
permeability test, a range from 1.4*10‐6 to 3.8*10‐6 m/sec was
obtained, which shows a low permeability of the soil.

Fig. 14 Annual change of water content under different plants or grass covering

Shear test with ring shear apparatus
To measure the soil mechanical parameters, soil sample
was taken from the Site‐A, where the slope had no
vegetation covering and showed heavy deformation.
Fig.15 is the grain size distribution curve of the soil
sample.

Fig. 15 Grain size distribution curve of the soil sample taken
from Site‐A.

According to the curve, the effective grain size d10 is
0.0012 mm, and the average grain size D50 is 0.015 mm.
Uniformity coefficient Cu and coefficient of curvature Cc
are 15.8 and 2.03, respectively. Also, the plastic index Ip of
this soil was measured as 13.8. So, the soil can be
classified as silty clay with good gradation.
With the ring shear apparatus DPRI‐5 developed at
the Disaster Prevention Research Institute, Kyoto
University (Sassa et al. 2004), a velocity controlled test

was conducted on the soil sample. The test procedure
was as follows.
1) Place the oven‐dried disturbed sample in the shear box;
2) Saturate the sample with carbon dioxide and de‐aired
water;
3) Consolidate the specimen under the normal stress of
50 kPa;
4) Change the shear box to undrained condition, and
measure the degree of saturation of the specimen by
increasing the normal stress to 100 kPa. A pore water
pressure of 48 kPa was obtained. This means that the
pore pressure parameter under direct shear condition,
BD value reached 0.96, showing a near‐full saturation
condition was achieved for the specimen.
5) Change the shear box to a drained condition, and let
the specimen normal consolidated under the normal
stress of 100 kPa. The normal stress level was adopted
based on the consideration of the field stress
condition and precision of the apparatus.
6) Change the shear box to undrained condition again,
and shear the specimen with a constant velocity of 2
mm/sec. Because the specimen is silty clay, the
permeability of the specimen was low. This shearing
velocity was expected for good monitoring of the pore
water pressure. Referring to Sassa et al. (2004), the
pore water transducer was located 2 mm far from the
shear zone. When sandy soil with high permeability
was sheared, the generated pore water pressure can be
measured exactly in time, but when the specimen has
low permeability, a time lag will be generated for the
pore water pressure measurement.
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Fig.16 shows the test result, indicated as effective
stress path. After shearing, the shear resistance reached
the peak strength at point A, where the peak strength is
40.2 kPa. The apparent friction angle, which is defined as
the angle of the line connecting the original point to that
point, with shear resistance as its vertical coordinate, and
initial total stress as its horizontal coordinate, at the peak
value of the shear resistance (point A’) is 22.2 degrees. It
means that when the melting occurs suddenly at a frozen
slope steeper than 22.2 degrees, slope deformation will be
generated. It should be mentioned that this result is
obtained under a fully undrained condition. In the actual
situation, when the draining process is permitted, the
slope angle allowing the slope to be stable, will be bigger.
From point A to point B, a drop‐ down of the shear
strength from 40.2 kPa to 22.6 kPa occurred. This means
that an excess pore water pressure generation process
occurred in this period. Because of the low permeability
of the soil sample, the stress path did not follow a straight
failure line. At point B, the apparent friction angle
decreased to 13.2 degrees. The sudden drop‐down of the
shear resistance can make the displaced slope material
move for long distance, even if the slope angle is as gentle
as 13.2 degrees. When keeping the shearing, the stress
path moved from point B to point C, there is no obvious
drop‐down of the shear resistance in this period, and the
decrease of the apparent friction angle is just 1.2 degrees.
At the end of the test, i.e., point C, the shear resistance
was kept as 20 kPa. Because of the low permeability of
the soil, it is not clear how much the generated excess
pore pressure is at point C, and it is clear as to whether
the 20 kPa shear resistance is the cohesion of the soil or
not. However, this test result can reasonably explain the
actual phenomenon of slope failure that occurred in the
melting season, and the long distance behavior of the
shallow landslide.

residual friction envelope is obtained, because the shear
velocity is slow and the unloading rate is small. However,
the result is a line with 8.7 degrees of friction angle, and
cohesion of about 40 kPa. This test also verified that the
permeability of the soil has very low permeability, and
low shear resistance when it is fully saturated.

Fig. 17 Drained ring shear test results to measure the residual
shear resistance of the soil

Although the test results did not show the same
tendency as that with sandy soil, which has high
permeability (Sassa et al. 2004), it gives very important
hints explaining the mechanism of the shallow slope
failure which occurred during the melting season at the
Jia‐Ha highway. Because the soil has very low
permeability, during the melting season, the water will
saturate the nearby soil and keep the soil in fully
saturated condition; when the initial stress condition of
the slope makes the shallow soil failed, high excess pore
water pressure will be generated. In turn, the shear
resistance becomes lower and lower, and induces obvious
slope deformation or a long‐ distance shallow landslide.
Based on this mechanism, the countermeasure work to
control the shallow slope failure should follow the
principle of improving the drained condition of the slope,
and increasing the shear resistance of the shallow soil.

The advantage of the biotechnical approach to
Countermeasures

Fig. 16 Effective stress path of the velocity controlled undrained
ring shear test on the sample taken from the highway slope.

Fig.17 shows the result of drained ring shear test,
which was conducted for the purpose of obtaining
residual shear strength of the soil. After fully saturated,
the specimen was consolidated at a normal stress of 200
kPa. Then shearing, with a constant shearing velocity of
0.1 mm/sec was conducted. After the shear resistance
reached the peak value, the normal stress was decreased
from 200 kPa at a rate of 2.64 Pa/sec. It is expected that a
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As introduced previously, AF and LP have good
performance in the deformation control in the highway
slope. To clarify the mechanism, in‐situ direct shear tests
were conducted on the shallow slope containing the roots
of AF and LP. Fig.18 shows the equipment used. In the
real slope, a specimen with single AF or LP root was cut
to the dimension of 0.5 m long, 0.5 m wide and 0.2 m
thick. Shearing surface is fixed at 0.1 m deep. 0.2 m thick
surface soil was eroded. No extra normal stress was
loaded. By pushing the upper shear box along the two
guide bolts, the shear resistance was obtained and the
shear displacement was also recorded at the same time.
Because the root of AF or LP is longer than the thickness
of the shear box, the roots can contribute to the shear
resistance.
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Fig. 18 Photo of the in‐situ direct shear equipment with a small
AFwithin.

protective method along the highway , the following
conclusions were obtained, and it is hopeful that they will
be used in the actual applications.
a) The shallow slope failure in Jia‐Ha highway occurred as
the result of a combination of low permeability of the
slope soil, low undrained shear resistance of the soil,
and substantial groundwater supplementation. To
stop the slope failure, countermeasure works aiming
to improve the draining effect and increase soil
strength should be adopted.
b) The roots of AF and LP have positive effects that
increase soil shear resistance, and improve the
drainage effect of the soil. The bushes themselves like
AF and LP, can also prevent the infiltration of the
rainfall to the slope. AF and LP can be recommended
for the countermeasure work in the highway slope
protection in this seasonally frozen area.
c) Concrete frame structure should be avoided in the
seasonally frozen area, because their stiff structure
cannot resist the creep‐like slope deformation.
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