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On August 29 and 30, 2012, local extreme rainfalls struck the construction area of the Jinping I Hydropower Station, Xichang,
China, and triggered many geohazards. 'e upper region of the left valley slope 200m downstream of the dam failed and slid,
exposing the D-pile of the G1002 electricity pylon and threatening the entire power transmission line.'erefore, guaranteeing the
stability of the residual soil masses in the rear area of the main scarp and the safety of the G1002 electricity pylon became a primary
emergency task. Geological field surveys, topographical mapping, study of the failure mechanisms, and stability evaluations were
carried out from October 12, 2012, to November 7, 2013. It is revealed that the failure mechanism of the G1002 electricity pylon
landslide is flood-induced tractive sliding along the interlayer between the colluvium and the bedrock, significantly influenced by
heavy precipitation and frequent blasting activities during the dam construction. 'e residual soil masses around the G1002
electricity pylon foundation are unstable under rainfall conditions. In order to ensure the stability of the residual soil masses and
pylon foundation, a mitigation measure of the anchor cables combined with lattice frame beams was proposed and applied in
practice.'is paper provides insights into the problems associated with the selection of the locations of electricity pylons in ravine
regions as well as mitigation strategies for similar landslides.

1. Introduction

Landslide hazards due to increasing population density and
infrastructure development in canyon areas are inevitable.
Risks associated with landslides are increasing due to climate
change and increasing engineering construction activities
[1, 2]. Many slope failures during rainstorms are associated
with the hydrodynamic pressure on the sliding surface,
rising groundwater table, and increasing pore pressure in
saturated unconsolidated sediments [3, 4]. 'e initiation
mechanism of rainfall, soil types, topography, and hydraulic
and mechanical parameters of the soil are well documented
[5–9]. However, in contrast to flood-induced landslides in
tropical areas [10], occurrences of such landslides in alpine
valley regions have been rarely reported, and the failure of
colluvium eroded by successive floods has rarely been
considered compared with the saturation-type failure.

Abundant flume experiments on debris flows showed
that the initiation processes include surface runoff,

movement of fine particles, falling of large particles, move-
ment of the whole slope, and debris flow formation [11, 12]. In
unconsolidated soil with a wide grading and loose structure,
the factors triggering debris flows are floods or large runoff, in
addition to strong rainfall [13, 14]. Although it has been
emphasized that 13.9% of the landslides were caused by
erosion [15], the effects of floods and torrential runoff in
mountainous areas, which are significant disaster factors for
debris flows or landslides, remain unclear. In addition,
management agencies for floods and landslides are devel-
oping independently; therefore, flood and landslide events
have been separately organized and processed [10, 16]. Pre-
viously established initiation models for debris flows, such as
coupled hydraulics and soil mechanics models [17], surface
runoff model [6], and runoff threshold model [13] mainly
refer to the channel bed erosion rather than the lateral ero-
sion. 'us, geological investigations and design stages should
focus on the lateral erosion of accumulative deposits by floods
and preliminary protection measures for the same.
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On August 29 and 30, 2012, local extreme rainfall hit the
construction area of the Jinping I Hydropower Station,
inducing more than 100 geological disasters (26.70°N/
109.18°E) [18].'is event resulted in 10 fatalities, 14 missing,
and more than 13,000 people being trapped in construction
camp III. Several bridges and power transmission lines broke
down. At the same time, an expected shallow colluvium
landslide occurred beside the G1002 electricity pylon. In the
rear area of the main scarp, a tractive deformation zone with
several cracks and notable subsidence was formed, exposing
the D-foundation pile of the G1002 electricity pylon. Due to
subsequent retrogressive erosion by precipitations, the
tractive deformation zone would destabilize, which threat-
ened the safety of the G1002 electricity pylon and the entire
transmission line (Figure 1). Instead of focusing on the
mitigation of the G1002 electricity pylon landslide (EPL)
itself, the protection of the G1002 electricity pylon was
considered to be more important for the main stake-
holder—China Power Engineering Consulting (Group)
Corporation. Authorized by the stakeholder, geological field
surveys, topographical mapping, study of the failure
mechanisms, stability evaluation, and emergency mitigation
were conducted from October 2012 to November 2013.

'is paper describes the geomorphic characteristics of
the G1002 EPL and discusses the failure mechanism of
shallow colluvium landslides in sinuous steep-sided gorges.
Considering the object to be protected, cost, and imple-
mentation, anchor cables combined with lattice frame beams
and crack sealing were proposed as mitigation measures,
which provide reference for similar events.

2. Geological and Environmental Setting of the
Research Area

2.1. Location and Traffic. 'e Jinping I Hydropower Station
is located at a sharp bend in the middle reaches of Yalong
River, where the transition area is present between the
Qinghai-Tibet Plateau and the Sichuan Basin (Figure 1). 'e
hydropower dam height is 305m (up to 1885m a.s.l.), the
retained reservoir level is 1880m a.s.l., and the natural level
of the river is 1630m a.s.l. [19]. 'e only access to the G1002
electricity pylon is a 1m wide auxiliary road.

2.2. Geomorphology. Based on the rapid crust uplift during
the Quaternary, this area was deeply incised by Yalong River,
and steep slopes were formed on both sides of the valley.'e
geomorphological pattern comprises an erosion terrain
inclining from northwest to southeast, which is character-
ized by deeply incised valleys, intermountain basins, and
tectonic depressions [19–22]. 'e G1002 EPL area is in the
middle part of the left bank slope and 200m downstream of
the dam of the Jinping I Hydropower Station. At the dam
site, the river valley is a typical V-shaped canyon with a strike
of N25°E. 'e elevation of the valley floor is 1590∼1600m
a.s.l., while the slope shoulder is above 3500m a.s.l., with a
relative relief of ∼1900m. 'e slope gradient below and
above 1900m is 55°∼70° and 35°∼45°, respectively, covered
by outcropped marble and colluvial deposits, respectively.

Due to rainfall and gully flood erosion, cross ridges and
gullies developed, and the bedrock was exposed (Figure 1).
'e depth of several well-developed ravines is more than
50m.

2.3. Meteorological and Hydrological Conditions. 'e re-
search area has a middle alpine subtropical monsoon climate
with rainy and dry seasons. 'e rainfall during the rainy
season (May to October) accounts for ∼90% of the annual
rainfall. Based on the data recorded at the Xichang Mete-
orological Station, the average annual precipitation in this
area is 1000.4mm, the maximum daily rainfall is 100mm,
the maximum hourly precipitation is 30mm, and the
maximum precipitation within 10min is 15mm. Severe
convective summer storms are believed to be the dominant
causes of floods, especially from June to September. 'ey are
limited to small areas and therefore defined as “local
storms.” 'ese storms can occasionally yield rainfall in
excess of 30mm in less than an hour and are capable of
mobilizing unconsolidated eluvial, diluvial, and colluvial
deposits.

When it rains, a small part of rainwater infiltrates col-
luvial deposits and strongly weathered bedrock, forming
phreatic and fissure water, respectively. Due to the steep
topography and weak permeable bedrock, groundwater is
relatively scarce in the landslide area, and the perched water
table on the slope surface is undeveloped. 'e flows in the
gullies are primarily recharged by surface runoff and at-
mospheric precipitation and present a notable seasonal
variation. However, every year, torrential floods in the
gullies inundate the toes of the bank slopes within several
hours.

2.4. Stratum and Lithology. 'e strata of the left valley slope
from top to bottom consist of metasandstone, silty slate, silty
phyllite, marble, and greenschist of the Triassic Zagunao
Formation (T2-3z). 'e strike of the stratum is the same as
that of the river, and the left bank has a reverse dip slope
[19–22]. In the region of the G1002 EPL, from 2100 to
2155m in elevation, the bedrock consists of thin-layered
Triassic (T2-3z) silty slate with bedding dipping into the slope
(265°∠32°) and two sets of joints with 65°∠65° and 241°∠72°
[19, 23, 24]. 'e outcrops are sporadically distributed on the
slope surface and at the bottom of ditches. 'e loose
Quaternary deposits are dense colluvial and debris flow
deposits. Colluvial deposits with a thickness of 10–15m are
distributed on the gentle slope zone and are composed of
nonuniform boulders, pebbles, gravel, and silty clay.'e size
of boulders and pebbles ranges from 50 to 100 cm and 10 to
30 cm, respectively. 'e debris flow deposits are distributed
in the gullies and are composed of gravel soil with a depth of
4-5m.

2.5. Geotectonic Activity and Seismicity. 'e research area is
located within the Yajiang-Daocheng block (Figure 2), which
is dominated by overall uplift with insignificant differential
activities. 'e nearest fault is the Jinpingshan-Xiaojinhe fault
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with a general N30°–40°E strike and NW 70°–85° dip
[19–21, 23]. Based on the dating of samples of the Jingjiang
fault, there has been no activity since the middle Pleistocene
(170 000–380 000 yr).

According to the seismic ground motion parameter
zonation map of China [25], the seismic intensity in the
Jinping I Hydropower Station is VII, and the peak ground
acceleration (PGA) is 104.3 gal with a response spectrum
period of 0.45 s. From 1944 to the present, there are no
earthquakes with surface-wave magnitude (Ms)≥ 6 in this
region. 'erefore, the research area is classified as a struc-
tural stability zone [19, 23].

2.6.AnthropogenicActivities. 'e engineering activities at the
Jinping I Hydropower Station include the excavation of
abutment slopes, underground caverns, and foundation of
electricity pylons [26, 27]. Based on the nearby seismic
monitoring station, 162 and 11 microseismic events greater
thanmagnitude II and III, respectively, occurred from January
1 to December 30, 2012 [28]. All seismic energies mainly
originated from rock fractures related to the large-scale ex-
cavation of the dam abutment slope and detonations for the
construction of underground caverns [19–21, 23, 29]. Multiple
microseismic events may deteriorate the integrity of the
shallow soil and generate cracks on slopes.'e construction of
the pile foundation resulted in the formation of unfavorable
interfaces between the C-pile and ambient soil masses. When
microseismic waves diffract through these interfaces, reflection
and refraction affect the stability of the soil masses [28, 30].

3. Basic Characteristics and Stability
Evaluation of the G1002 EPL

3.1. Basic Characteristics of the G1002 Electricity Pylon
Landslide. Based on the field investigation and topographic

mapping, the G1002 EPL can be divided into three zones:
sliding zone (deposition and source zones), tractive defor-
mation zone, and potential horizontal unstable zone (Fig-
ures 3 and 4). 'e slope gradient and elevation of the sliding
zone are 25°–55° and 2100–2155m a.s.l., respectively, with a
relative height difference of 55m (Figures 5 and 6). 'e
longitudinal length is 63.3m, the transverse width is 50m,
and the plane area is 1763.97m2. 'e thickness of the
landslide deposits ranges from 3 to 8m, and the total ac-
cumulative volume of the deposits is 8820m3. 'e exposed
sliding plane (Figures 4 and 5) is the interface between the
colluvial soil and the bedrock and near-planar with the slope
of 39°.'e composition of landslide deposits is silty clay, fine
rubble, and gravel, which is the same as that of residual soil
masses in the rear area of the main scarp. 'ese two phe-
nomena indicate that the G1002 EPL is a tractive transla-
tional sliding along the soil-bedrock interface. Because the
narrow and steep gully bank perpendicularly hampered the
landslide (Figure 3), the deposits were stable in the absence
of flood scouring.

In the tractive deformation zone, the terrain is steep with
a slope gradient and elevation ranging from 40° to 45° and
2135 to 2172m a.s.l., respectively. Based on the site inves-
tigation, a notable tensile crack with 13m in length,
0.2–0.6m in width, and 1m in maximum depth appeared
3m away from the D-pile of the G1002 electricity pylon
(Figure 3(b)). By October 30, 2012, the residual colluvial soil
in the vicinity of the D-pile had sunk by 1.2m, exposing the
pile foundation (Figure 3(c)). It was inferred that the tractive
deformation zone would subsequently fail due to precipi-
tation infiltrating the residual soil along the crack.

'e potential unstable zone was mainly bounded by the
ridge on the right side of the G1002 electricity pylon and the
outline of the tractive deformation zone. 'e slope gradient
and elevation of this zone are 30°–55° and 2172–2180m a.s.l.,
respectively. Based on the headward erosion of the surface
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Figure 1: Locations of the G1002 electricity pylon landslide and Jinping I Hydropower Station (© Google Maps).
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runoff, the residual colluvial deposits would become un-
stable, resulting in the destruction of the foundation of the
G1002 electricity pylon.'erefore, it is necessary to calculate
the stability coefficient of the tractive deformation zone and
potential unstable zone and design reasonable counter-
measures to protect the electricity pylon.

3.2. Failure Mechanism of the G1002 Electricity Pylon
Landslide. Numerous research studies indicated that short-
term heavy rainfall and long-term preceding rainfall are
two important processes for shallow accumulation land-
slides [31–34]. Wieczorek [35] described that colluvium
landslides induced by rainstorms with relatively low

100° 102°

30°

25°

100° 102°

30°

25°

Luhuo
Xianshuihe fault

Kangding

Zemuhe fault

Honghe fault

Dali Panzhihua-Chuxiong block
Xi

ao
jia

ng
 fa

ul
t

Jinsha River

G1002 EPL

Yajiang-Daocheng block

Ya
lo

ng
 R

iv
er

Jinping I

Jin
sh

aj
ia

ng
 fa

ul
t

Jin
pin

sh
an

-X
iao

jin
he

 fa
ult

Seismic magnitude: 7 ≥ Ms > 6
Seismic magnitude: 6 ≥ Ms > 5
Jinping I Hydropower station

Stirke fault and slide direction

Earthquake epicenter

Seismic magnitude: Ms > 7

Figure 2: Regional geological structure and historical earthquakes that occurred close to the Jinping I Hydropower Station (modified after
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intensity (less than 10mm/h) preceded by long antecedent
rainfall. Cannon and Ellen [36] described several colluvium
landslides by short, high-intensity rainfall at the end of a
sustained period of low-intensity rainfall and gave a critical
warning threshold.

Correspondingly, the failure mechanisms of rainfall-
induced landslides include the hydraulic characteristics of
the source masses [37–43], heterogeneity of pore systems
[44, 45], variation of the groundwater pressure [46–50],
negative and positive pore water pressures [31, 50–54],
matric suction [55–57], ground water level fluctuation
[58, 59], seepage variation [60–62], and basal erosion by
ingress water [41, 63–65]. However, lateral scour and erosion
of the flood are rarely reported for mountainous regions
with well-developed gullies [66].

Previous feasibility research and analysis of the geo-
logical conditions of the research area showed that the
possibility of geohazards is very small. However, the exca-
vated volume of 5.933×106m3 including large underground
caverns and the left dam abutment slope of 60m height and
300m width was huge [24, 26, 27], which can significantly
affect the stress balance and produce stress redistribution
[67, 68]. As a result, many unloading fissures in the shallow
rock layers were formed, and the rock joints were relaxed.
According to the data of the field mechanics tests before and
after excavation, the internal friction angle and cohesion of
the structural planes at the dam abutment slope reduced
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from 35° to 24° and from 1.40MPa to 0.1MPa, respectively.
'e longitudinal wave velocity of rock masses reduced from
6,000m/s to 3,000m/s. Moreover, from June 2009 to May

2011, there were more than 1000 microseismic events in the
dam abutment area [19–21]. From January 1 to December
30, 2012, there were 162 microseismic events greater than
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magnitude II and 11 ones greater than magnitude III [28]. In
addition, the continuous detonation and the foundation
excavation of the G1002 electricity pylon (section area of
2× 2m and depth of 13m) could change the mechanical
properties of soil masses and further promote slope de-
formation [69].

Comparing with stable nearby colluvium slopes with the
same material composition but steeper topography (ap-
proximate 53°), the heavy precipitation does not seem to be a
decisive factor. Based on the average values of the daily
rainfall records of Muli and Yanyuan counties, the rainfall
which occurred on August 29 and 30 is very low and in the
normal range of fluctuation (Figure 7). Undeniably, the
temporal and spatial distribution of precipitation in
mountainous areas is uneven. Because there was no rainfall
monitoring station at the Jinping I Hydropower Station,
based on the announcement of the Ministry of Land and
Resources, the rainfall on August 29 and 30, 2012, reached
once-in-a-century. Considering the retrogressive mode of
the G1002 EPL (Figures 4 and 5), the superimposed effect of
the lateral erosion of gully flood and soil saturation induced
by long-term and low-intensity preceded precipitation in-
deed played a major role on the occurrence of the G1002
EPL. More significantly, the strong changes in the inclina-
tion and gradient of the gully bed created areas prone to
landslides under superimposed conditions such as concave
banks and cascades [66].

Based on the aforementioned analysis, the evolution of
the G1002 EPL can be summarized as follows: (1) the
continuous detonation and the large-volume excavation
produced relaxation and unloading of structural planes and
reduced the mechanical properties of rock and soil masses;
(2) long-term and low-intensity preceded precipitation
saturated and weakened the colluvial soil, especially at the
toe of the slope; (3) the flood in the gully eroded the sat-
urated soil, and small cracks appeared in the upper soil
(Figure 8(a)); (4) with the increase in the erosion, the upper
soil lost the foot support and began to creep along the in-
terface between the colluvial soil and the impermeable
bedrock; (5) when the shear strain of the creep belt was
exacerbated to beyond the threshold, the slopes failed
(Figure 8(b)); and (6) due to the retrogressive erosion, the
sliding zone expanded backward (Figure 8(c)). When the
intensity of the precipitation weakened and the flood level
decreased, the landslide ceased accordingly.

3.3. Stability Evaluation of the Residual Colluvial Soil.
Considering the long-term retrogressive erosion of rainfall,
the stable state of the residual colluvial soil in the tractive
deformation zone must be analyzed accurately. In China,
due to its conceptual clarity, versatility, and simple calcu-
lation, the limit equilibrium method is widely used in slope
survey and design and is specified as the stability evaluation
method to be used in general by the China Geological Survey
[70]. It should be noted, however, that this method is not
suitable when dealing with some special landslides, such as
lateral spreads, diffuse landslides, plastic flow, and the
rockslide undergoing sudden brittle fracture [71]. 'e

crucial prerequisites of this method are that the sliding
plane has been determined, the soil of the rupture surface
observes Mohr–Coulomb failure criterion, and the sliding
body is coherent during sliding [72]. According to the
geological field surveys and topographical mapping, the
G1002 EPL with its planar sliding surface maintains co-
herence during the sliding stage. Hence, the limit equi-
librium method was considered suitable for determining
the stability of the residual colluvial soil, and the calculation
accuracy was sufficient to meet the needs of engineering
design. 'e stability coefficient, also known as the factor of
safety against sliding [73], is the ratio of the shear resistance
to the shear force of the entire sliding plane. If the shear
strength is greater than the shear force (stability coef-
ficient > 1), the slope is stable. On the contrary, if the shear
strength is less than the shear force (stability coef-
ficient < 1), the slope will slide.

'e 2-2′ cross section in the main sliding direction was
selected as the calculation profile. Considering the failure
mode of the G1002 EPL and the crack, the most potential
sliding plane of the tractive deformation zone is the interface
between the colluvial soil and the bedding rock (Figure 9).
'e shear strength parameters of the rock and soil masses
were ascertained by site mechanics tests (Table 1). 'e
stability coefficients of the residual soil masses are, re-
spectively, calculated under three scenarios (Table 2 and
Figure 9). 'e results indicate that the residual soil will be
unstable under rainfall conditions (stability
coefficient� 0.98< 1), directly affecting the safety of the
G1002 electricity pylon.

To verify the stability calculation results, a numerical
model using finite element software FLAC3D was estab-
lished to simulate the displacement and shear strain dis-
tribution of the slope under the adverse rainfall condition.
'e simulation results show that the maximum displace-
ment occurs at the front of the residual masses, reaching
2.569m, and the shear strain increment at the bottom of the
residual masses is 120% (Figure 10). 'is indicates that the
residual masses will fail and slide along the interface during
future rainfall scenarios.

4. Mitigation and Control Countermeasures

Because the residual soil masses were unstable under rainfall
conditions, countermeasures were designed to stabilize the
tractive deformation zone close to the D-pile rather than
controlling the whole landslide. Based on the site conditions
and engineering experience, the combination of anchor
cables with lattice frame beams and slide-resistant piles was
proposed. Because the traffic was very inconvenient and
there was only one 1m wide auxiliary road to the G1002
electricity pylon, the transport of large engineering ma-
chinery and heavy construction material was very difficult.
Considering that large and deep piles in the strongly
weathered silty slate could disturb the vulnerable slope,
which might be costly and time-consuming, the scheme
including slide-resistant piles was abandoned. On the
contrary, because anchor cables with lattice frame beams are
suitable for light machinery and operation, they were
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recommended to strengthen and control the residual masses
in the tractive deformation zone.

In the design scheme, lattice frame beams casted with
C30 concrete cover the whole tractive deformation zone and
a part of the sliding zone (Figures 11 and 12). 'e 8 hori-
zontal beams with a 3m separation distance were 30–36m in
length. 'e vertical ribs with a 4m separation distance were
12m in length.'e area of all beams and ribs was 50× 60 cm.

'e intersection point between a beam and vertical rib was a
borehole with a diameter of 130mm in which the anchor
cable was placed. A total of 55 anchor cables with a length of
8m were inserted into the weakly weathered bedrock
(Figure 13). 'e 30m and 20m anchor cables were alter-
natingly arranged to avoid linear rupture at the bottom of
the borehole (Figure 13). Each anchor cable consisted of
seven ϕs15.2 steel strands. 'e design anchoring force
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Figure 9: Stability coefficients of the residual soil masses under different scenarios (2-2′ cross section).

Table 1: Physical and mechanical parameters of the rock and soil masses.

Parameters of source masses Dry or saturation Density (kg/m3) Cohesion (kPa) Internal frictional angle (°)
Natural state Soil D 2120 30.0 28.0
Rainfall state Soil S 2280 22.0 24.0
Natural state Strongly weathered rock mass D 2500 300.0 33.0
Rainfall state Strongly weathered rock mass S 2620 200.0 29.0

Table 2: Stability coefficients of the residual soil under different scenarios.

Scenarios Stability coefficient Residual thrust (kN/m) Stable state
Natural 1.16 0 Stable
Rainfall 0.98 381.89 Unstable
Earthquake 1.07 187.57 Stable

Advances in Civil Engineering 9



reached up to 1000 kN/m. Under stress relaxation, the
working anchoring force could reach 700 kN/m, that is, a
larger value than the residual thrust of 381.9 kN/m. 'e 1 :1
cement mortar with a water-cement ratio of 0.40 was

adopted as the grouting material, ensuring strength
≥30MPa.

Except for these measures, crack sealing was carried out
sequentially to fill the tensile crack. 'e crack was cleaned
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Figure 10: Numerical simulation results for the residual soil under rainfall conditions (2-2′ cross section). (a) Contour of the outward
displacement. (b) Contour of the shear strain increment.
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before sealing and then was filled with a mixture of
quicklime and clay with a ratio of 1 and 10 and compacted.

To verify the effectiveness of the reinforcement of the
anchor cables, a numerical simulation was carried out to
predict the displacement and shear strain increment under
the adverse rainfall condition. 'e physical and mechanical
parameters of the colluvial soil and anchor cable are listed in
Tables 1 and 3. As shown in Figure 14, after the mitigation
measures, the residual soil masses are stable under rainfall
conditions.

5. Discussion

Many large hydropower stations and corresponding elec-
tricity transmission pylons have already been located in
Southwest China, and there will be more of them in the
future. 'erefore, the safety of the electricity pylon is par-
ticularly important. Previous engineering experiences have
indicated that stable ridges are highly suitable for the
foundation of electricity pylons. However, the relaxation and
unloading effect induced by the large-volume excavation of
the dam abutment slopes and multiple detonations could
affect the slope stability. Especially, the blasting vibration
effect of the continuous detonation on the interfaces be-
tween the pile foundation of electricity pylons and the

surrounding soils can produce tensile cracks. Moreover,
scouring and erosion of the concave bank by floods are
important processes triggering shallow landslides in gullies,
which are rarely considered during the selection of the initial
construction site. 'erefore, exploration for the failure
mechanism and mitigation work are particularly important.
Based on the case study of the G1002 EPL, several site se-
lection suggestions for electricity pylons are proposed in the
following:

(1) 'e risk evaluation of shallow landslides in gullies
under consideration of the blasting vibration and
lateral erosion should be carried out prior to the
electricity pylon construction. 'e fissures and
cracks need to be sealed at all to avoid surface water
infiltrating into the foundation region of the elec-
tricity pylons. Advanced reinforcement for the in-
terfaces between deposits and bedrock, as well as the
slope toe, should be conducted before the excavation
of the electricity pylon foundation.

(2) During periods of flooding, the turbulence flow and
lateral erosion can be produced at the sharp-
changing position of the strike and the gradient of
narrow, deep-incised gullies, which could destabilize
the shallow deposits. Johnson and Rodine [74]
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Table 3: Design parameters of anchor cables.

Borehole
diameter (mm)

Anchor
diameter (mm)

Elasticity modulus
of cement (GPa) Friction angle of cement (°) Cohesion of cement

(kPa)
Tensile strength

(kPa)
65.0 20.8 200 35.0 3180 1430
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(a)
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(b)

Figure 14: Numerical simulation results for the residual soil under rainfall conditions after the mitigation with anchor cables (2-2′ cross
section). (a) Contour of the outward displacement. (b) Contour of the shear strain increment.
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discussed the phenomenon as “fire hose effect.”
'erefore, the stability of the deposits under the
flood should be carefully evaluated, keeping in mind
the superimposed effects of saturation and erosion.

(3) An assumption is made that the lateral erosion by
flooding or runoff significantly affects the stability of
the bank slopes. Henceforward, calculation models
considering erosion rates at different flow velocities
and water levels, as well as corresponding modelling
experiments, should be considered as a topic of
further studies.

6. Conclusion

'e G1002 electricity pylon landslide at the Jinping I Hy-
dropower Station was a small tractive shallow landslide,
which threatened the safety of the whole transmission
network system.'e steep interface between the deposit and
the bedrock, large-volume excavation of the dam abutment
slope, vibrations from multiple blasting activities, and the
once-in-a-century rainfall on August 29 to 30, 2012, were key
causes of the landslide. Significantly, the superimposed ef-
fects of the soil saturation induced by long-term preceding
precipitation and lateral erosion of the flood could be crucial
triggers of the landslide occurrence.

A sharp gully bend, where the bed gradient vertically
decreases from 36° to 16° and the strike horizontally deflects
from 291° to 275°, could produce local turbulent flow.
'erefore, similar topographical effects can intensify the
lateral erosion from the short-term flood and destabilize the
electricity pylon slope. In order to avoid similar landslides,
when selecting construction sites of electricity pylons in
alpine valleys, advanced reinforcement of unfavorable
structural planes and concave banks should be implemented.

Considering the traffic conditions, construction cost,
implementation, and engineering disturbances, the anchor
cables with lattice frame beams and crack sealing were
proposed as mitigation measures to protect the foundation
of the G1002 electricity pylon. 'ese measures are worth
popularizing to prevent shallow colluvium landslides, es-
pecially for those with steep sliding planes.
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