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ABSTRACT: A large scale model test was carried out in this study to investigate the relationship between the potential risk of slope
failure and an increase of the shear strain in the shallow section. A model slope made of soft deposit of Kanto-loam with 30 degrees
inclination and 3.5m height was prepared. Compact shear strain meters as well as inclinometers and extensometers were installed to
measure the movements of slope prior to failure. Seven steps of cuttings were carried out from the toe to make the slope unstable. The
model slope did not fail soon after completion of the final cutting, and it lasted 7 minutes before it finally failed. Clear increases in
the shear strain  had been measured as the cuttings progress. The obtained data of  and the displacement showed good agreement
in their reactions. Accordingly, it is proven that the potential risk of slope failure was detectable by monitoring of the shear strain in
the shallow section for simplicity.
RÉSUMÉ : Un essai sur modèle à grande échelle a été réalisé dans cette étude pour étudier la relation entre le risque potentiel de
rupture de pente et une augmentation de la déformation de cisaillement dans la partie peu profonde. Une pente modèle composée de
dépôts mous de Kanto-limoneux a été préparée avec une pente de 30 degrés et une hauteur de 3,5 m. Des capteurs de déformations de
cisaillement compacts ont été développés et installés avec des inclinomètres et des extensomètres pour mesurer les mouvements de
pente avant la rupture. Sept phases d’excavation ont été réalisées au pied pour rendre la pente instable. Le modèle de la pente ne s’est
pas écroulé tout de suite après la coupe finale, et il y a eu un intervalle de 7 minutes avant la rupture. Une nette augmentation de la
déformation de cisaillement  a été mesurée lors des excavations. Les données de  obtenues et le déplacement montrent un bon
accord dans leurs comportements. Ainsi, il a été montré que le risque potentiel de rupture d’une pente est détectable par le suivi de la
déformation de cisaillement au pied du talus pour la simplicité.
KEYWORDS: slope failure, monitoring, shear strain in shallow section, large scale model test.
1

INTRODUCTION

Slope failures frequently cause occupational accidents at
construction sites. It is also known that even a small collapse
can cause serious injury to workers. Therefore, slope failures
must be avoided for safety reasons, and temporary retaining
walls are needed to support slopes at worksite. In addition, the
practice of immediate escape is also important to save human
lives, and warning must be given prior to failure. Consequently,
monitoring of the slopes is needed to detect increase of the
potential risk of failure.
This paper will first summarize hazards that exist in the
slope works. Next it will explain a large scale model test
carried out to simulate the slope failure. It will also introduce a
compact shear strain meter developed to measure increase of
shear strain in the shallow section of slopes. Finally, its
applicability will be discussed in consideration of results from
the test.
2

HAZARDS IN WORKS ON SLOPES

Excavations and cuttings are frequently performed in many
aspects of slope works. Cuttings at the toe of slopes are
common in the building of retaining walls. However, cuttings
may cause the slope to be unstable even though its duration is
only short term. Itoh et al. (2005) reported that the volume of
collapsed soil blocks in almost 60 % of all accidents was less
than 50m3. Accordingly, serious damage to the workers are
caused by small amount of collapsed soil blocks. In addition,
safety must be maintained at the recovering operation after
disasters. Collapsed soil deposited is soft and loose after seismic
failure, and shear strength of remaining soil slopes was also

reduced by seismic acceleration. Therefore, slopes will become
unstable after earthquakes. Meanwhile, when quick operations
are also required to save refugees, sufficient time for both
installation of temporary structures to support the unstable
slopes and survey of the ground conditions in detail will not be
given.
Hazards exist to people who work on the slopes as well as
under the slopes. Moreover, the time for escape may be not
given to the adjacent workers. Consequently, warning prior to
the failures is important to save workers as well as an
installation of temporary supports.
3
3.1

A LARGE SCALE MODEL TEST
Preparation of model ground and method of model test

A model slope of 3.5m height, 4.0m width and 30 degrees
inclination was made by filling soil material as shown in Figure
1. Any compaction was not provided to simulate loose deposit
of collapsed soil after seismic disasters. Several sheets of
tarpaulins are placed to lubricate the friction between the
retaining wall and the soil so that the plane strain condition was
undertaken.
Soil material used in the test was Kanto loam that has soil
properties as shown in Table 1. Figure 2 shows the relationship
between the cone penetration resistance qc and the depth from
the top of slope d. Values of qc roughly show a linear increase
to d because the self-weight was loaded for consolidation.
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Figure 1. A profile view of model slope.

Photo 1. Installation of MPS

Two sets of ASG were installed to measure an increment of
the angle of inclination a on the surface at the column of L05 at
same height as DTP. Four sets of MPS to be explained in the
following section were also installed to measure increment of
the interpreted shear strain  at the columns of both R05 and
R10 in the same manner as the installation in ASG.

Figure 3. A plane view to show the installed position of sensors
Table 1.Soil properties of Kanto
loam.
Densityofsoilparticles s (g/cm3) 2.759
6.2

Silt (0.005～0.075mm) %

45.3

Clay (Diameter<0.005mm) %

48.5

Liquid limit wL (%)

158.3

Plastic limit wp (%)

97.7

Plasticity index Ip

60.6

Dry density dmax (g/cm3)
Optimum water content wopt (%)

0.665
102.0

D e p t h d (m )

Sand (0.075～2mm) %

0

4 MESUREMENT OF SHEAR STRAIN IN THE
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Figure 2. Relationship between
cone penetration resistance and
depth from the top of slope.

Seven steps of cuttings were carried out by construction
machinery in the toe of slope. 60 degrees angle in the cuttings
was performed from S1 to S5 that was 0.5m long from front to
back as shown in Figure 1. As for S6 and S7, the cutting angle
was increased to 70 degrees and 75 degrees, respectively. Thirty
minutes interval time between the steps was provided to observe
the movement of the slopes.
3.2

Installation of sensors

Three kinds of sensors, extensometers (DTP), inclinometers
(ASG), and compact shear strain meters (MPS), were installed
to measure the movement of the slope during the test. Figure 3
shows the installed positions of the sensors. Two sets of DTP
were installed to measure increment of the displacement d by
giving 0.9m interval at the center column (CL). Sensor units of
DTP were set on a beam bridging over the retaining walls while
extended wires were connected to pegs on the slope.
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Development of compact shear strain meter

A compact shear strain meter called MPS was developed to
measure the shear strain in the shallow section of slopes
(Tamate. 2010). MPS made of compact size rod 0.6m in length,
10mm in diameter, and 3.6N in weight is shown in Figure 4. A
screw point of 80mm in length attached in the lower end
enables to penetrate the unit into the ground without pre-boring.
A taper end of 100mm in length is used to provide a lateral
compression to the surrounding soil so that MPS reacts to the
slope movement by its bending deformation. A connector
terminal for data transmission composed of 7 poles is mounted
at the center of a hexangular plug for rotational installation by a
hand drill.
A bending pipe of 420mm in length is positioned between the
screw point and the taper end. Four strain gages are pasted on
both front and back of the pipe so that the electrical output
increases with the bending deformation. A heat shrinkable tube
covers the pipe to protect the gages from surrounding soil at
installations. Since duration for the installation was less than 10
seconds, easy and quick installation is available in practice as
shown in Photo 1.
4.2

Basic idea for the monitoring

Figure 5 shows a schematic image of distribution of
displacement and shear strain in the slope. An increment of the
displacements occurs near the slip plane whereas the increment
converges as the distance increases.. Accordingly, major shear
strain develops along the slip plane. However, this study aims to
monitor the shear strain in the shallow section of slopes from
the easily application viewpoint (Tamate et al. 2009). MPS was
developed to measure the small shear strain in the shallow
sections easily.
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Figure 5. Schematic image of distribution of shear strain at slope failure.
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Figure 7. Comparison of reaction of sensors in the model test
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Photo 2.Process of failures in the model slope
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A vertical load F was applied to the end of MPS that was
supported by cantilever beam as shown in Figure 6. A clear
linear relationship is obtained between rs and  as well as
between F and s. Since 653  in rs was output at 1% in , a
high resolution on the shear strain was confirmed.
5 EXPERIMENTAL ANALYSES ON MOVEMENT IN
SLOPE
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Comparison of reactions by sensors

Figure 7 shows the reactions from three kinds of the monitoring
sensors. Horizontal axis means the actual time at the test. The
first cutting (S1) begun at 13:00 and the final cutting (S7) was
completed at 16:20. The slope collapsed twice at16:27 and
16:36. This meant that 7 minutes remained prior to the first
failure and 16 minutes existed up to the second failures after the
completion of S7 as shown in Photo 2. An increase of values
appeared in each curve as reactions to increase of potential risk
of slope failure.
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A calibration of MPS was carried out to investigate the
relationship between the electrical output from MPS rs () and
the interpreted shear strain  (%).  was defined as the ratio of
the settlement s to the effective length L of MPS as shown in
Equation 1.
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Figure 8. The relationship between the interpreted shear strain  and the
displacement d (in left) and the relationship between the angles of
inclination a and d (in right).

First small increase can be seen at S3 in  and its value
shows the step increase from S3 to S7. After S7, however,
values of  kept on increasing from 16:20 to 16:27. Both MPS2
and MPS4 installed at the upper side of the slope show the same
increase. Both two curves bent at 16:27 when the first failure
occurred. Moreover, values of  were built up again at 16:36 of
the second failure.
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Figure 9. Increases of shear strain in the shallow section prior to the first
failure and the second failure
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Figure 10. Decrease of the inverse velocity of shear strain prior to the
first failure (Overall view in left and expanded view in right)

In addition, a displacement d increased in DTP1 installed at
the lower side of slope in advance, and its value showed the step
increase from S5 and S6. Same phenomena in the increase can
be seen in both sets of DTP and MPS. Meanwhile, curves on
angle of inclination a did not show clear reactions
corresponding to the series of cuttings. A value of ASG1 was
kept stable while a value of ASG2 gradual increase from S3.
There was no clear reaction on a excluding those at the moment
of the second failure while the slope was getting unstable.
Figure 8 shows the relationship between  and d in addition
to the relationship between a and d.  shows a clear increase
prior to the first failure when d hovered between 4 and 7.  also
reacted to the second failure so that  still increased where d>7.
Meanwhile, values of a increased very little from -0.4 to -0.8
deg to the d though -0.4 deg of the initial drift appeared.
5.2

the increase was seen in the values of both MPS2 and MPS4
before the second failure.
The left side figure on Figure 10 shows the entire relationship
between the inverse velocity of the shear strain 1/v and te by a
logarithmic scale on a vertical axis. vis defined as a value of
the increment of  per minute. 1/vof both MPS1 and MPS3
were distributed at higher values from 1,000 and 30,000, when
te was between -35 and -10. This means at least that little
vappeared 10 minutes before the first failure. However, 1/v
shows the drastic decrease corresponding to the beginning of
the final cutting of S7. However, the slope did not fail soon. A
couple minutes of time lag existed prior to both failures, and
this causes people’s misunderstanding of the stability.
The right side figure shows an expanded view by a linear
scale on a vertical axis. 1/vindicated the values between 30 and
80 min/% while 4 minutes between -7 and -3 of te, Accordingly,
the values of v were interpreted as between 0.01 and
0.03 %/min. Consequently, the shear strain increased at mostly
constant rate in the same manner as the 2nd creep. Moreover,
1/vin MPS1 and MPS3 linearly decreased from -2 and -4 of te,
respectively. This proves that values of were accelerating
these increases just before failures, the same as the 3rd creep.
Accordingly, a clear increase of shear strain in the shallow
section of the slope was confirmed in the large scale model test.
In addition, it was proven that this phenomenon reflects an
increase of potential risk of slope failure. Therefore, a couple of
minutes could be provided for escape by identifying either the
2ndcreep or the 3rd creep.

Increment of the shear strain in the shallow section prior
to failure

Figure 9 shows the relationship between  and an elapsed time
te recorded by 4 sets of MPS. Both MPS1 and MPS2 were
installed in the column of R05 whereas MPS3 and MPS4 were
installed in the R10 as shown in Figure 3. te is a modified value
that is calculated as zero at the beginning of the first failure.
Accordingly, negative values mean the remaining time until the
first failure. Recorded data by both lower MPS1 and MPS3
ended at 0 of te because these dropped together with collapsed
soil at the first failure. Upper MPS 2 and MPS4 had recorded
data until the second failure. Four curves commonly show a
linear increase at around -5 of te, and this phenomena was
similar to the 2nd creep that was well known as the plastic
deformation prior to failures. In addition, the value of both
MPS1 and MPS3 installed inside of the failure block
accelerated these increases from -3 of te. Same acceleration on

CONCLUSIONS

A large scale model test was carried out in this study to
investigate relationship between the potential risk of slope
failure and an increase of the shear strain in the shallow section.
Developed compact shear strain meters as well as conventional
sensors of inclinometers and extensometers were used in the test
to measure the movement of the slope prior to failure. Seven
steps of cuttings were performed in the toe to make unstable.
The model slope did not fail soon after a completion of the final
cutting, and around 7 minutes of the time lag existed until the
beginning of failure. Clear increases in the responses of shear
strains in the shallow section were measured with the progress
of the cuttings. The obtained data of  and the displacement d
showed good agreement in their reactions. Accordingly, it is
proven that the potential risk of slope failure was detectable by
monitoring of the shear strain in the shallow section for
simplicity.
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