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When an earthquake occurs, the effects of  earthquake-
induced ground shaking is often sufficient to cause failure of 
slopes that were marginally to moderately stable before the 
earthquake. 

Las Colinas neighborhood of Santa Tecla, El Salvador, Central 
America as a result of the M=7.6 earthquake of January 13, 2001.  



More than half of all deaths in large (M>6.9 ) earthquakes in Japan between 1964 and 
1980 were caused by landslides. 
 
It is logical to expect that the extent of earthquake induced landslide activity should 
increase with increasing eartquake magnitude and there could be a minimum magnitude 
below which earthquake induced landsliding would rarely occur. Failure of slopes that 
are near the brink of failure under static conditions could be produced by quite weak 
earthquake shaking. 
 
It is equally logical to expect that the extent of earthquake induced landslide activity 
should decrease with increasing source to site distance and that there could be a 
distance beyond which landslides would not be expected in earthquakes of a given size. 
 
Similarly the area over which earthquake induced landsliding can be expected also 
increases with increasing earthquake magnitude. 





LANDSLIDE HAZARD ZONATION  

SCALE OF MAPPING INPUT DATA METHODS 

1:1.000.000-1:50.000 
(regional scale) 
 

Historical earthquakes and existing 
information 

Geological and geomorphological 
maps 

GRADE 1 
        General Zonation 

1:100.000-1:10.000 
(medium scale) 
 

Air Photos and remote sensing 
Field Studies 
Vegetation and precipitation data 

GRADE 2 
       Detailed Zonation 

 

1:25.000-1:5.000 
(large scale) 
 

Geotechnical investigation 
Analyses 

GRADE 3 
       Rigorous Zonation 

(modified according to ISSMGE, 1999 ) 



GRADE 1 

Statistical methods 
 

Advantage: The lowest cost but most cursory level of zonation 
 
Disadvantages:  do not incorporate  local geology and soils  

                                     it is not appropriate for seismic microzonation 
 

Main Parameters: Earthquake magnitude and Seismic Intensity 
(past earthquakes) or gw condıtıons and rainfall patterns 

 
 



GRADE 1 

Magnitude-Distance Criteria; screens the potential 
areas of slope instability using the relationship between 
magnitude and maximum distance from a fault or an 
epicenter. 

The relationships btw magnitude and  distance to slope failure in Japan 
from Tamura (1978) 





GRADE 2 

Statistical method 
 
Basis: addition to Grade 1 approach topographical and 
geological information (sometimes require additional field 
investigation) 

 
Advantage: more detailed informationthan Grade 1 approach 
 
Disadvantage: more expensive than Grade 1 approach 
 
Main Parameters: Earthquake magnitude and Seismic Intensity 
(past earthquakes) 

 
 



Method Proposed by Mora and Vahrson (1993): 

•Hl = Sr ∗ Sl ∗ Sh ∗ Ts + Tp



Method Proposed by Mora and Vahrson (1993): 

Relative Relief Values (Rr) Values and Their Classes of Influence in 

Landslide Susceptibility (Mora and Vahrson, 1991) 

Relative Relief Susceptibility Parameter, Sr 

0 – 75m/km2 Very Low 0 

76 – 175 Low 1 

176 – 300 Moderate 2 

301 – 500 Medium 3 

501 – 800 High 4 

> 800 Very High 5 

Classes of Average Monthly Precipitation (Mora 

and Vahrson, 1991) 

Average Monthly Precipitation 

(mm/month) 

Assigned 

Value 

< 125 0 

125 - 250 1 

250 < 2 

Classification of Lithologic Influence, according to General Conditions, representative for Central America (Mora and Vahrson, 1991) 

Lithology Susceptibility Value, Sl 

Permeable limestone, slightly fissured intrusions, basalt, andesites, granites, ignimbrite, 

gneiss, hornfels; low degree of weathering, low water table, clean – rugose fractures, high 

shear strength rocks 

Low 1 

High degree of weathering of above mentioned lithologies and of hard massive clastic 

sedimentary rocks; low shear strength; shearable structures 
Moderate 2 

Considerably weathered sedimentary, intrusive, metamorphic, volcanic rocks, compacted 

sandy regolithic soils, considerable fracturing, fluctuating water tables, compacted colluvium 

and alluvium 

Medium 3 

Considerably weathered, hydrothermally altered rocks of any kind, strongly fractures and 

fissured, clay filled; poorly compacted pyroclastic and fluvio – lacustrine soils, shallow water 

tables 

High 4 

Extremely altered rocks, low shear resistance alluvial, colluvial and residual soils, shallow 

water tables 
Very high 5 



Method Proposed by Mora and Vahrson (1993): 

Weighting for Annual Precipitation (Mora and Vahrson, 1991) 

Summation of Precipitation Averages Susceptibility Value, Sh 

0 – 4 Very low 1 

5 – 9 Low 2 

10 – 14 Medium 3 

15 – 19 High 4 

20 – 24 Very high 5 

Influence of Seismic Intensity (Modified Mercalli Scale) as a Triggering Factor for Landslide Generation 

Intensities (MM) Tr = 100 years Susceptibility Value, Ts 

III Slight 1 

IV Very low 2 

V Low 3 

VI Moderate 4 

VII Medium 5 

VIII Considerable 6 

IX Important 7 

X Strong 8 

XI Very Strong 9 

XII Extremely Strong 10 



Influence of Rainfall Precipitation Intensity as a Triggering Factor for Landslides (Mora and Vahrson, 1991) 

Maximum Rainfall n > 10 years: Tr = 100 years 
Rainfall n<10 years; Average 

Susceptibility Value, Ts 

< 100 mm < 50 mm Very low 1 

101 – 200 51 – 90 Low 2 

201 – 300 91 – 130 Medium 3 

301 – 400 131 – 175 High 4 

> 400 > 175 Very High 5 

Classes of the Potential Landslide Hazards, as Derived from Eq. (1.3.1) (Mora and Vahrson, 1991) 

Value from Eq. (1.3.1) Class Susceptibility of Hazard 

0 – 6 I Negligible 

7 – 32 II Low 

33 – 162 III Moderate 

163 – 512 IV Medium 

513 – 1250 V High 

> 1250 VI Verh High 

Method Proposed by Mora and Vahrson (1993): 





GRADE 3 

Pseudo Statitic Approach and Sliding Displacement Method 
 

Basis:  combination of  Grade 1 approach, Grade 2 approach and geotechnical              
investigations 

 
Advantage: perform on a site specific basis & given a sufficiently detailed site investigation 

                           very reliable zonation maps 
 

Main Parameters: Critical Acceleration and Factor of Safety 
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SLOPE ANGLE (degrees)

PGA=0

PGA=0.1 g

PGA=0.2 g

PGA=0.3 g

PGA=0.4 g

PGA=0.5 g

LANDSLIDE HAZARD DURING EARTHQUAKES 

Fs = N1 tan  



BANDIRMA 



BANDIRMA 



RAINFALL  INDUCED LANDSLIDES 



Photograph of the La Conchita, California landslide of 1995 
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The pattern of h/z 
needed for instability 
at the site in simply 
reflects the local 
slope: the steeper 
the hillslope the 
smaller the amount 
of water needed for 
instability.  
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• Eq.6
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The aftermath of a landslide in 
Taiwan caused by very heavy rainfall 

Torrential rains poured down on El 
Salvador in early November, 
triggering massive flooding and 
landslides. 


