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Abstract: As Havnan village is located on landslide-prone slopes, it is under the possible risk of slip. So
knowing the areas that are prone to landslides as well as to its mass movements and mechanism is one of the
first steps to propose proper strategies to prevent damages. Therefore, geoelectric operation was conducted
in the region to identify the status of sliding mass, including the shape, size, depth of circular slip and the status
of groundwater.Then, it was tried to examine the effects of various factors such as major affecting faults if
activated, the soil type, the return period of the earthquake and other factors. In this paper, the parameters of
shear strength of the soil were calculated using regression analysis. After the field detections and the
interpretation of aerial photographs, it was concluded that Havnan village is influenced by two slopes B and
A.Slope stability analysis was performed using the software Slide. The results of this analysis show the
stability of the slope A without seismic loading and circular instability. If an event occurs with a 10%
probability of event, a 50-year useful life and an acceleration of 0.14 g, then the factor of safety will be reduced
to 0.701 and will cause instability. The slope B even in the condition of no seismic loading is also unstable in
terms of circular slip and planar slip, which is entirely consistent with the results of the monitoring done.

Key words: Havnan  Geoelectric Operation  Slope stability  Shear strength  Software Slide  Seismic
loading

INTRODUCTION resistivity method can model the subsurface layering,

Havnan  village,  which  is  located in 10 km south of explore water even based on quality, which can be done
the city of Birjand in the central part of Bagheran by determining the resistivity beneath the surface and
mountains   and    has    a   geographical   coordinates  of examining its changes,  as  well  as  obtaining a basic
32  degrees  48  minutes  north  latitude  and  59  degrees relationship between geophysical and hydrological
10  minutes  east  longitude,  covers   an   area   of  about parameters [1]. These methods,  which  pass  direct
2 kilometers. The village has been built on Bagheran electrical  current into the ground and measure the
Mountains and on a historical landslide. Considering the potential difference generated at a location on the ground,
possibility  of  new  movement  of the ground as well as can be used to determine the electrical resistivity of the
its dangerous human and financial consequences in ground. Using this  method,  the  electrical  properties  of
Havnan village, it is necessary to perform a detailed the ground and, therefore, the geological features of the
stability analysis on crushed and loose rocky slopes area can be inferred [2]. In this method, the data will be
overlooking the village. Therefore, to perform the obtained by sending a current into the ground with two
stabilization operations, the geophysical methods such as electrodes and measuring the potential difference with the
resistivity were used to identify the slip surface. Electrical help of two other electrodes.

explore targets in depth and in very widely used cases,
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The instance of placing four current-sending
electrodes and measuring the potential difference is called
the electrode array. Schlumberger array is one of the
arrays widely used in the research, in which the potential
electrodes are placed between the current electrodes and
a new sampling is done by increasing the distance
between the electrodes in the array and the depth of the
review also rises [3]. Some features of the array include
the high depth of measurement and high sensitivity to
depth changes of resistivity. After preliminary processing,
the obtained data become apparent resistivity. After the
interpretation of the apparent resistivity data for different
depths of penetration, the layering beneath the ground
and the related abnormalities can be realized and their true
resistivity can be obtained. This method examines the
subsurface layering based on electrical resistivity
measurements at ground level. It gives us an estimate of
the changes in electrical resistivity beneath the ground
surface by surface measurements. Finally, after the
subsurface results (including geometry, dimensions,
materials, surface of groundwater and depth) were
obtained, the slip surfaces of loose serpentinized masses
were analyzed using Slide software.

The Geology of the Study Area: Lithology of the study
area includes spilitic basalts, altered peridotites, gabbro,
phyllite and listvenite. However, the part that has an
essential role in the landslide is spilitic basalts and
weathered peridotites. The study area is
seismotectonically located in seismotectonic states of
central and eastern Iran. The state, which includes parts
of North East and the East of Iran, is bounded to the
collision zones of Alborz-Azerbaijan and Kape Dagh from
the north and the north east and the continental collision
zone of South Khorasan province from the west and the
south west. Part of the tectonic state of central Iran and
the mountains of eastern Iran are located in the central
and southern parts of the province. Faults are the most
important tectonic activity in the region, the details of
which are given in Table 1.

Seismic Potential of the Zone
Estimation of Seismic Parameters with Maximum
Likelihood Estimation Method (MLE): To understand the
seismic nature of each seismic state, seismic parameters of
the state must be estimated. These parameters are M , J max

and ß in Gutenberg-Richter equation. The parameter ß is
the annual event rate or dynamic rate [4]. The parameter
M  is the maximum earthquake magnitude that can be max

produced by a fault and the parameter b is expressed on
the basis of the Gutenberg-Richter equation as follows,

Table 1: Characteristics import trance faults in around study area
Fault Name Trend Faults Length (Km) Distance to study area
Mohamad Abad NW-SE 71.0 22
Nozad NW-SE 37.3 66
Ferdows NW-SE 101.0 75
Dashte-Bayaz E-W 120.6 135
Dust Abad N-S 30.4 77
Abiz NW-SE 144.0 103
E-Neh NW-SE 214.0 166
W-Neh NW-SE 170.0 206

Log Nc = a-b M

where, Nc is the cumulative amount of the earthquakes
with magnitude of M or higher. The values a and b are the
constants  that  differ  for  each  region. In the study area,
the evaluation of the main parameters of the earthquake
includes maximum regional magnitude M , activity ratemax

x and the Gutenberg-Richter parameters, which were
calculated on the basis of Kijko and Sellevoll (1992)
method [5]. This method provides techniques for
identifying the seismic gaps and manipulates the
magnitude of suspicious earthquakes. In this paper, the
stochastic model with the Poisson process was used to
calculate the annual risk of earthquakes as well as the
probabilities of the event. Therefore, the proposed
methods (Kijko & Sellevoll 1992; Kijko 2004), which are
among the most robust methods for estimating the seismic
parameters, have been utilized [5, 6]. Thus, the Soft
Bounds model is used to determine the magnitude of
seismic events within a 150-kilometer radius of the study
area. In this model, according to the theory of Tinti and
Mulargia 1985 and with the help of observable magnitude,
the stochastic error and the Gaussian distribution with
standard deviation of the required data will be rebuilt [7].
In general, the choice of model depends on our
knowledge about how to collect data and provide seismic
catalogs. In the meantime, the personal comments also
somewhat affect the results. Finally, all the seismic
parameters of the study area (including M , ß, J and the max

value b), as well as the return period of earthquakes with
different time periods were calculated using the [5] with
the help of to EEHP (Estimation of Earthquake Hazard
Parameters) Software. On the basis of these calculations
in the study area, the desired parameters are as follows:

Beta = 1.39±.62 (b= .59 ± .26)
Lambda 41±.41 (for M  = 3.00)min

The return period of the occurrence of earthquakes
with a magnitude of 5.5, 6, 6.5 are 11.5, 32, 89 years
respectively.
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Table 2: The maximum horizontal acceleration of gravity in Birjand's Havnan village with the probability calculation method (percent g)
Design basis earthquake (DBL), (MDL) Maximum possible earthquake,

Row Fault Name Latitude Longitude with a 64% probability of the event with a 10% probability of the event
- - - - 50 year 100 year 50 year 100 year
1 Abiz 33, 12 60, 23 0.13 0.14 0.15 0.17
2 Dashte-Bayaz 34, 00 58, 40 0.12 0.15 0.15 0.16
3 Dust Abad 33, 45 58, 60 0.15 0.18 0.19 0.20
4 Ferdows 33, 52 58, 60 0.13 0.15 0.16 0.18
5 Mohamad Abad 32, 55 59, 07 0.22 0.46 0.28 0.57
6 Nozad 32, 55 59, 37 0.32 0.37 0.38 0.39
7 E-Neh 32, 00 60, 15 0.12 0.14 0.15 0.16
8 W-Neh 31, 27 59, 57 0.12 0.14 0.14 0.17

Estimation of Seismic Hazard: In earthquake-prone calculate the acceleration of horizontal flow with various
zones, the estimation of maximum horizontal forces caused useful lifes [8]. It should be noted that Campbell’s
by the intense shaking of the earthquake in the site of attenuation relation was presented on the basis of
design is of particular importance. Such estimates should accelograms recorded in North America and in some parts
be based on tectonic data and previous seismic data in of the world (including Tabas and Manjil earthquakes in
the study area so that it can ensure the stability and Iran). The result obtained from the probability calculations
safety of the structure during the useful life of design. On for the risk of earthquakes in the place of Havnan village
the other hand, the coefficients of the proposed design is presented in Table 2, assuming useful life s of 50 and
should be chosen realistically so that it prevents the 100 years.
imposition of exorbitant and unnecessary costs and
therefore an uneconomical design. The dynamic and Field Sampling
pseudo-static behavior analysis is also used to design Geoelectric Studies: To examine the status of sliding
particularly  important  structures.  In  recent  years, with masses (in terms of the type of sliding mass, geometry of
the advancement of earthquake science and engineering, sliding mass, dimensions, situation of the undersurface
new techniques have been proposed to calculate the layers at the place of the sliding mass and situation of the
seismic parameters by research and government groundwater within the sliding mass) as well as to
institutions worldwide. In general, the principles of the determine the depth of slip surface towards the village, six
theory  of  probability calculation is based on the vertical electrical soundings (VES) have been obtained
assumption that from a seismic source, an earthquake with using the Shlambrgr electrode array with a maximum
a magnitude M Between R affects the position of the distance  of  80 meters.  From  six  electrical  soundings
desired structure; and this event is equal to the model of taken in the area, three profiles have been obtained.
random variable, from statistical standpoint. In the study Profile A with a length of 116 m consists of three
area, a zone of 150 km radius has been studied. In this soundings (5, 3, 1), which has been placed tending the
range, all the seismic sources, such as area sources, which northwest-southeast, profile B with a length of 92 m is
are marked by the accumulation of the earthquake composed of four soundings (6, 3, 2, 4) and profile C with
epicenter and/or the line sources have been identified in a length of 120 m is composed of three soundings
association with active faults; and it was analyzed by the (1,5,8,2).  The  location  of the profiles is presented in
software SeisRisk III. Horizontal acceleration gravity of Figure 1.
the ground is usually chosen in two limits with a risk of
64% and 10%, which are called design basis level and Geoelectric Pseudo-Section of Profile A: Deep pseudo-
maximum design level, respectively. According to the section of profile A is shown in Figure 2.The results of the
recommendations of the experimental engineering, resistivity of profile A indicates that this section is
conventional structures can be designed based on the composed  of  three  layers  with different resistivity.
higher probability of the event (i.e. more than 50% risk; Surface layer of crushed basalts is of spilitic type, which
and the general stability and control structures can be has  a  resistivity  of  53-880  ohm-meters up to a depth of
then controlled and predicted in case of the maximum 2 meters to the main coverage of the area. The second
seismic event (MDL) by accepting the possibility of layer consists of the serpentines that are composed of the
limited damage. In this paper, the Campbell’s and metamorphism and weathering of peridotites outcropped
Bozorgnia’s attenuation relation (2003) was used to to  the  surface  in  some  parts. These serpentines have a
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Fig. 1: Location map of profiles in the study area

Fig. 2: Geoelectric pseudo-section of profile A

Fig. 3: Geoelectric pseudo-section of profile B
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resistivity between 70 to 170 ohm-meters and a thickness
of about 23 m. In the loose serpentinized mass, a layer
with a resistivity of about 70 to 90 ohm-meters can be
seen in soundings 3 and 5, because this layer is placed on
a high moisture resistant base rock that has not yet
reached the point of saturation. The base rock in
soundings 3 and 5 is of peridotite type, which has a
resistivity between 240 to 350 ohm-meters, so that the
base rock in sounding 1 is made of metamorphosed
gabbro with an electrical resistivity of more than 2000
ohm-meters. The main reason for the changes in the base
rock is the fault in the area.

Geoelectric Pseudo-Section of Profile B: Geoelectric and the village
pseudo section of profile B is shown in Figure 3. The
surface layer of this section point is made of crushed
spilitic basalt type, which has an electrical resistivity of
between 53 to 640 ohm-meters. The thickness of this layer
reaches the depth of 2.5 m. The second layer is made of
altered rocks of serpentine, which has an electrical
resistivity  between  90  to  240  ohm-meters  in  sounding
3 and a thickness to depth of 2.5 to 22 m. In sounding 3 in
depth of 10 to 22 meters in the ground, the resistivity
decreases up to 90 ohm-meters because this layer is
placed on a high moisture base rock that has not yet Fig. 5: Tensile cracks caused by phenomenon of
reached the point of saturation. landslide

Monitoring: In this study, the survey is used to monitor
the slope. Therefore, to examine the current situation of
the sliding mass in terms of movement activity towards
the village, a two-stage survey operation was performed
at 6-month intervals. Total camera with an accuracy of
0.1% to 0.4% mm was used for surveying. The first phase
was conducted in winter when the atmospheric
precipitations in the region reach its maximum; and the
second  phase  took  place  after  6 months  in the summer.
In the survey operation, the survey was first conducted
for 20 points of the sliding mass that had the highest Fig. 6: Cracks developed in the walls of houses
probability of slip. After 6 months, the survey operations
were repeated and the sliding mass behavior was studied
by comparing the results of the first and second surveys.
Finally, the results of this study, which are presented in
Table 3, show that the sliding mass is active (Figure 4).

Field Studies: Studies conducted in the study area led to
other evidence in addition to the survey results, which are
indicative of an active sliding mass. The evidence
includes: Fig. 7: Landslide-caused tilting of trees

Fig. 4: Schematic map of the position of the sliding mass
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Table 3: Results of the samples taken in two different intervals
Sampling on 31/December/2011 Sampling on 13/Jul/2012
--------------------------------------------- ----------------------------------------------

Number of stations X Y X Y Displacement (mm)
1 9783.687045 1068.897546 9783.687045 1068.9742 0.3
2 9765.353964 1053.051533 9765.353964 1053.01533 0.3
3 9765.348962 1053.062121 9765.348960 1053.062121 0.2
4 9752.221469 1059.183228 9752.221469 1059.183224 0.1
5 9727.852045 1038.692293 9727.852045 1038.692296 0.3
6 9668.917733 1015.254579 9668.918421 1015.262312 19
7 9668.922957 1015.255008 9668.921534 1015.262614 18.5
8 9647.985698 1065.837589 9647.984951 1065.809731 30.7
9 9609.043057 1092.607503 9609.093764 1092.353267 27.4
10 9601.282699 1110.7665197 9601.299525 1110.727641 38.7
11 9568.573321 1086.743606 9568.589741 1086.708854 25.7
12 9542.530020 1044.576883 9542.568687 1044.596125 17.8
13 9522.597912 1014.089443 9522.620547 1014.088578 20.7
14 9522.623712 1014.098194 9522.621031 1014.077586 21.3
15 9602.9447985 988.274560 9639.278058 962.704489 10.2
16 9639.269862 962.682998 9639.278045 962.704463 7.6
17 9795.104648 1136.445747 9795.127542 1136.458021 0.8
18 9813.804407 1120.914561 9813.804406 1120.914560 0.2
19 9815.900740 1089.03486 9815.900738 1089.034786 0.3
20 9993.093774 995.182494 9993.093774 195.182494 0.6

Table 4: Characteristics of the slopes overlooking the village
Slope Length (m) Elevation (m) Trend
A 550 195 NE-SW
B 1140 212 NW-SE

The Presence of Tensile Cracks in the Sliding Mass on
the Upper Part of the Slope: As a result of landslide in the
village, there is a series of tensile cracks on the upper part
of the slope. The tensile cracks have an average opening
of about 30 cm. Most of the cracks can be seen in the
southern part of the village (Figure 5).

Cracks Developed in the Walls of Houses: An evidence
of active landslide in the area is the presence of cracks in
the walls of houses of Havnan village. Thus, the opening
of these cracks is much greater in the southern part of the Fig. 8: Location of the slopes and limits of Havnan village
village than in the middle part. However, the opening of
these  cracks  is  reduced  when we go from the south to village  is under  the  risk  of  landslide  of   two  slopes.
the  north  of  the  village.  It represents a more active The slopes in the area are made of color mixes that have
sliding mass in the southern village than the northern part been extremely crushed and are composed of the rock
(Figure 6). units of peridotite and spilitic basalt. Due to tectonic

Tilting of Trees: Tilting of trees is another factor that surface and over time during different geological periods,
confirms the phenomenon of landslide in the region. they are highly weathered and altered by erosion and
Landslide in the region causes the tilting of trees on the water contact. The slopes overlooking Havnan village are
lower part of the sliding slope (Figure 7). the result of the same severe erosions. Landslide of

Stability Analysis for the Slopes Overlooking the movement of the thick and loose layers of serpentinite
Village:  According  to  Figure   8   and   Table   4 Havnan located  on  a  steep  slope,  which  has  affected  the solid

activity in the area, peridotites have appeared on the

Havnan, in fact, is made as a result of the downstream
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Table 5: Shear strength parameters obtained from inverse analysis
Strength Parameters Peridotite Basalt Crushed Peridotite Crushed Basalt
Cohesion (KPa) 1000 20700 26 0
Degrees (Ø) 35 45 15 40

Fig. 9: Model of loose mass before landslide (A), loose mass after landslide (B)

masses of basalt that have relied on these layers and the obtained values were used as the strength parameters
sometimes have caused their movement and even their of the soil to analyze the slope stability of the region
fall. One of the accelerating factors, which are effective in under new conditions (Table 5).
the landslide of Havnan, is the alignment and direction of
the slope of basalts and pyroclastic materials, which has Stability Analysis of Slope A
created the most unstable possible case among the rocky Analysis with Circular Slip Surface: The results of the
outcrops and has caused a factor accelerating the analysis of the sliding slope stability by software Slide
landslide in the region. indicate the stability of the slope A with a safety factor of

Estimation of Shear Properties of Material Using (Figure 10). However, in the event of an earthquake with
Regression Analysis Method: Most analyses of slope a horizontal acceleration of 0.14 g, the factor of safety will
stability begin by measuring the soil strength parameters be reduced to 0.70 g under the same conditions.
in the laboratory of stability analysis operations and the Undoubtedly, the increased earthquake acceleration will
factor of safety is calculated. However, when an old be associated with a lower safety factor, so that in the
landslide had occurred and soil strength data are not event of an earthquake with a horizontal acceleration of
available, then the inverse analysis can be useful. In this 0.28, the factor of safety will be reduced to 0.49 g, causing
case, F  (Factor of safety) is set to 1 (because the slope slope instability of the circular slip type in loose mass ofs

have had a failure) and strength parameters will be serpentine. Therefore, assuming a useful life of 50 years
calculated in backward return [9]. The results obtained in the event of an earthquake with a peak acceleration
with this method are more reliable than laboratory results caused by infant fault based on a design with a 10%
because in this case, the surface of slice is more specific probability of the event, there will be a risk of landslide
than small laboratory sample. In addition, the method activity and therefore will result in the destruction of
shows better properties and characteristics of the soil and houses in the village and the obstruction of the river in a
landslide conditions. In this study, to determine the manner that the maximum design acceleration of 0.38 g will
strength parameters of the soil, the sliding mass model of reduce the factor of safety by 0.40 g and will put the mass
the slope B before the landslide was reconstructed with under unstable conditions.
the help of the field observations in Slide. In this model,
the value of F  was chosen to be 1. Then, the values c and Analysis with Non-Circular Slip Surface: The results ofS

of the sliding mass were so changed that slip could the analyses represent the stable status of slope A with
occur in the mass (Figure 9). Then, the values c and  of non-circular  slip  surface   so   that   in   the   event   of  an

1.15 without seismic loading under stable conditions
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Fig. 10: Estimation of the safety factor for circular slip in loose serpentinized mass of slope. Without seismic loading
(A), seismic loading with a horizontal acceleration of 0.14 g (B), seismic loading with a horizontal acceleration
of 0.16 g (C), seismic loading with a horizontal acceleration of 0.19 g (D), seismic loading with a horizontal
acceleration of 0.28 g (E), seismic loading with a horizontal acceleration of 0.38 g (F)

Fig. 11: Estimation of the safety factor for non-circular slip in loose serpentinized mass of slope. Without seismic
loading (A), seismic loading with a horizontal acceleration of 0.14 g (B), seismic loading with a horizontal
acceleration of 0.16 g (C), seismic loading with a horizontal acceleration of 0.19 g (D), seismic loading with a
horizontal acceleration of 0.28 g (E), seismic loading with a horizontal acceleration of 0.38 g (F)
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Fig. 12: Estimation of the safety factor for circular slip in loose serpentinized mass of slope B. Without seismic loading
(A), seismic loading with a horizontal acceleration of 0.14 g (B), seismic loading with a horizontal acceleration
of 0.16 g (C), seismic loading with a horizontal acceleration of 0.19 g (D), seismic loading with a horizontal
acceleration of 0.28 g (E), seismic loading with a horizontal acceleration of 0.38 g (F)

Fig. 13: Estimation of the safety factor for non-circular slip in loose serpentinized mass of slope B. Without seismic
loading (A), seismic loading with a horizontal acceleration of 0.14 g (B), seismic loading with a horizontal
acceleration of 0.16 g (C), seismic loading with a horizontal acceleration of 0.19 g (D), seismic loading with a
horizontal acceleration of 0.28 g (E), seismic loading with a horizontal acceleration of 0.38 g (F)
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earthquake  with  a  maximum  horizontal  acceleration of horizontal acceleration of gravity would be equal to
0.38 g, the factor of safety will be reduced to 7.25. In this 0.32 g, while in the useful life of 50 years, with a 10%
case, the slope A shows a very stable behavior in terms probability of the event (maximum design level MDL),
of non-circular slip (Figure 11). the horizontal acceleration of gravity will be equal to

Stability  Analysis  of Slope B: Due to the geological and Results of geoelectric operations performed in the
topographical conditions of the slope B, two types of region  suggest  sliding  masses with  a  thickness of
circular and non-circular slips are possible, which will be 10 to 70 meters, which are made of weathered basalt
separately analyzed below. and serpentine.

Analysis with Circular Slip Surface: The results of that the sliding slope A without seismic loading is
sliding slope stability analysis by software Slide show the under stable condition, but the factor of safety will be
instability of the slope B with circular slip with a safety reduced to 0.701 due to seismic loading with a
factor of 0.85 in the condition of no seismic loading horizontal acceleration of 0.38 g, causing slope
(Figure 12), so that in the event of an earthquake with a instability; and stability analysis for the sliding slope
horizontal acceleration of 0.14 g, the factor of safety will B indicates planar instability and circular slip
be  reduced  to  0.85. Therefore,  assuming a useful life of instability in the condition of no seismic loading,
50 years in the event of an earthquake with a maximum which is entirely consistent with the monitoring.
acceleration of 0.38 g with maximum design surface with Also, for decrease sliding of unstable masses in
10% possibility of event, the factor of safety will be under Seismic loading, stabilization operation such as
reduced to 0.31; and the mass will be completely unstable reduces of slope angle, implementation of retaining
and will be accompanied by a sudden slip of the slope. wall, etc is recommended.

Analysis with Non-Circular Slip Surface: The results of surface use of Geomembrane is suggested sake
the analyses show the instability of the planar slip conservation of Environment.
between the loose serpentinized mass and bedrock, even
in the condition of no seismic loading with a safety factor ACKNOWLEDGEMENTS
of 0.83 (Figure 13). The results of the survey operation
over a period of 6 months indicate a displacement of Honorable authorities of Islamic Azad University,
about 2-3 cm, which is quite consistent with the results of Zahedan Branch are appreciated for their cooperation and
this analysis. support.
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