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Abstract
Earthquake duration is a complex natural phenomenon associated with the sudden energy release induced by 

fault rupture. The shaking during an earthquake is a result of the primary, secondary and surface waves. This study 
is aimed at establishing the relationship between earthquake duration and other seismic parameters: magnitude, 
peak ground acceleration, focal distance, fault length in relation to landslides generated by the major earthquakes. To 
achieve this objective, we made an intensive review of published data on major earthquakes (Mw ≥ 6.6) that generated 
landslides between 1998 and 2015 in the world. The results reveal that magnitude, focal length and focal depth times 
fault length are strong determinants of earthquake duration. However, it is noted that peak ground acceleration (PGA) 
and focal depth do not necessarily determine the duration of earthquake shaking. It is also observed that duration of 
an earthquake is moderately correlated to area affected by earthquake induced landslides. Additionally, much as the 
number of landslides produced during and/or after an earthquake does not necessarily augment with increasing duration 
majority of the investigated major earthquakes that produced great damage, with respect to landslides, were noticed to 
have lasted for not more than 60 seconds.

Keywords: Earthquake duration; Primary waves; Secondary waves;
Peak ground acceleration; Magnitude; Earthquake induced landslides

Introduction
Earthquake duration has been defined as the total time of ground 

shaking from the arrival of seismic waves until the return to ambient 
conditions [1]. The shaking during of an earthquake is basically a 
function of the primary waves (P waves), secondary waves (S waves) 
and surface waves. For the purpose of evaluating seismic response 
and assessing the potential damage, earthquake duration has been 
discussed by a number of investigators [2-6], to be ‘strong motion 
duration’ due to earthquakes. The duration of strong ground shaking 
during an earthquake can cause many problems in earthquake 
engineering [1,4] and for instance; causing slopes failures [7]. The 
duration of strong earthquake ground motion is one of the main 
characteristics that influence earthquake’s damaging potential [1]. 
However, duration of ground shaking is not an independent variable. It 
is basically dependent on earthquake magnitude, length of seismic wave 
propagation path, the geologic and soil properties along the wave path 
and frequency of motion [1,2]. A study by Salmon [1] demonstrated 
that earthquake duration increases with increasing earthquake 
magnitude and increasing distance from the recording site to the zone 
of energy release of the causative earthquake and also earthquake 
duration is greater at soil sites than at rock sites. Majority of studies 
on earthquake duration have been conducted in relation to response of 
foundation materials and structures [8-13]. However, this study aims 
at establishing the relationship between earthquake duration and other 
seismic parameters: magnitude, peak ground acceleration (PGA), focal 
depth and fault length in relation to landslides generated during and/
after an earthquake. The data to be used ın the study are based on the 
major earthquakes (Mw>6.6) that occurred between 1998 and 2015 in 
the world. The established relations among the earthquake parameters 
and earthquake induced (EI) landslides are presented as relational 
diagrams.

Objectives

The objectives of the study are:

To document the landslides induced by major earthquakes with 
moment magnitude Mw ≥ 6.6 that occurred between 1998 and 2015 in 
the world including the recent 2016 Kaikoura New Zealand earthquake.

To establish the relationship between earthquake duration and 
other seismic parameters; magnitude, PGA, focal depth and fault 
length.

To evaluate the impact of earthquake duration on occurrence of 
EI landslides.

Methodology

Intensive review of data on landslides induced by major earthquakes 
(Mw ≥ 6.6) that occurred between 1998 and 2015 in the world was made. 
Data review involved collecting all relevant information on landslides 
inducing major earthquakes in the world. Reviewed information 
include; scientific and technical papers, technical reports and technical 
essays. Valuable data was also obtained from internet sites and relevant 
books on earthquakes that induced landslides. In the analysis, we 
have also included some of the minor and major well documented 
cases like the Aysen Chile [14], Avaj Iran [15], Northridge California, 
the Finisterre Papua New Guinea and the Loma Prieta USA 1989 
respectively and the recent 2016 Kaikoura, New Zealand earthquake in 
order to consolidate the findings of the study. A quantitative technique 
of data analysis was applied to correlate variables so as to understand 
the relationship of earthquake duration and other seismic parameters 
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threshold level than the bracketed duration, but it has the disadvantage 
that it does not define a continuous time window during which the 
shaking can be considered strong.

Significant duration: The significant duration is defined as the 
interval over which some proportion of the total integral is accumulated. 
This is illustrated for arbitrary limits on a plot of the build-up of Arias 
intensity (IA), known as a Husid plot [3] (Figure 3).

AI in Figure 3 represents Arias Intensity developed by Arias in 
1970. Arias [17] defined Arias Intensity as:
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Where a(t) is the acceleration time-history, t is the total duration of 
the accelerogram and g is the acceleration due to gravity.

The concept of significant duration, according to Bommer, has the 
advantage that it considers the characteristics of the entire accelerogram 
and defines a continuous time window in which the motion may be 
considered as strong. It is worth mentioning at this juncture that the 
concept of the root-mean-square acceleration, arms which is defined by:
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Where t1 and t2 mark the start and end respectively of the time 
interval under consideration.

and evaluate its impact in causing landslides during and/or after an 
earthquake. Microsoft Excel program was applied to analyse the 
earthquake data and produce; tables and frequency and correlation 
diagrams.

Review of Definitions of Earthquake Duration
There are a number of definitions of strong motion duration which 

have been developed by many investigators [1,3,9-16]. The authors 
elaborated that each of the definitions that have been developed are 
based on the fact that the damage potential of an earthquake is a 
function of the energy of the earthquake, and that the majority of the 
total energy associated with any earthquake is contained in portions of 
the earthquake time history which is much shorter in time than the total 
duration. Bommer noted that nearly all of the definitions on duration 
of strong ground motions can be classified into three generic groups as 
explained below and some are based on the response of structures to 
earthquake loading.

Generic definitions of duration

Bracketed duration (Db): According to Bommer, bracketed 
durations are defined as the total time elapsed between the first and 
last excursions of a specified level of acceleration (a0) (Figure 1). One 
disadvantage of this definition is that it considers only the first and 
last peaks that cross the specified threshold and ignores completely 
the characteristics of the strong shaking phase, which can result in 
long durations being estimated for earthquakes with small sub-events 
occurring after the main shock motion has passed.

Furthermore, definition based on acceleration can be rather 
unstable if low thresholds for some accelerograms, change from say 
0.03 g to 0.02 g and can result in an increase of the bracketed duration 
by 20 seconds or more.

Uniform duration (D): Uniform durations are also defined by 
a threshold level of acceleration (a0). But rather than as the interval 
between the first and final peaks that exceed this level, the duration is 
defined as the sum of the time intervals during which the acceleration 
is greater than the threshold.

=∑
n
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The concept of “uniform duration” is illustrated in Figure 2. 
Bommer further explains that the ‘D’ definition is less sensitive to the 
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Figure 1: Generic definition of “bracketed duration” of an accelerogram.
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Figure 2: Generic definition of “uniform duration” of an accelerogram (After [3]).
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Comparison of Equations (2) and (3) shows that a, over a certain 
interval is in fact directly proportional to the square root of the gradient 
of this specified interval of the Husid plot [3]. Based on this, Bommer 
suggested that any definition of duration based on the variation of arms 
is also regarded as a “significant duration”.

However, it is admitted that there is no universally accepted 
definition for strong motion duration, and reference is frequently 
made to the duration of earthquake motion without specifying how the 
duration is defined. A large number of researchers proposed definitions 
of earthquake strong motion duration over the last three decades [18-
33], (Table 1). Due to different definitions developed on duration 
of ground motion thought it is logical that a further classification is 
necessary because a number of the definitions that have been proposed 
are based not on the accelerograms as recorded, but are frequency 
limited by first processing the records with a narrow pass-band filter.

Classification of duration definitions

Bommer classified the definitions of strong motion duration 
according to the generic groupings described earlier. Each definition 
was classified as either frequency-independent or frequency-dependent 
according to whether the entire accelerogram is employed in the 
calculation of duration or whether it is first passed through a narrow-
band fitter. Furthermore, each definition was also classified according 
to whether the criteria used to distinguish the strong motion portion 

of the accelerograms are absolute or their relative values applied to the 
accelerogram [34-40].

Results
Earthquake duration determining factors

Magnitude and earthquake duration: Earthquakes are basically 
initiated by rupture and slippage along geological faults. Immediately 
after the rupture and slippage seismic waves are emitted outwards 
from the focus. As indicated by Salmon, earthquake magnitude has a 
significant influence on the earthquake duration. The author explains 
that when an earthquake has a larger magnitude, the dimensions of 
fault rupture produced by it become larger. Since the dislocation 
velocity does change significantly with magnitude, the duration of fault 
rupture generally increases with increasing earthquake magnitude. 
Based on this theorem, the study attempted to investigate the strength 
of the correlation between earthquake magnitude and earthquake 
duration [41-44]. The results of the relationship are presented in 
Figure 4. It can generally be observed from Figure 4 that duration of 
earthquakes is directly proportional to the earthquake magnitude in 
that as magnitude increases so does the earthquake duration. The fitted 
exponential regression model yielded a coefficient of determination 
value of R²=0.65 which signifies a strong positive correlation. When 
the recent 2016 Kaikoura earthquake in New Zealand was plotted in 
Figure 4, the estimated duration of the ground shaking was noted to 
be 44 seconds. This will be interesting to compare with the duration 
values recorded in the aftermath of the earthquake which at the time of 
writing this paper had not been established [45-48].

Tsirel presented the formula t1=100.31M-0.774 developed by Antikaev 
and Shebalin and Schteinberg in 1988 which shows the relationship 
between duration of vibrations during earthquakes and magnitude. 
When the equation is plotted using the collected data (Figure 5), 
a reasonably acceptable relation has been obtained against non-
smoothened data [49-53]. The established relation between earthquake 
duration and magnitude for the major earthquakes that induced 
landslides between 1998 and 2015 is found to be in close conformity 
with the Russian’s proposed relation. Thus, the outcome ascertains that 
earthquake duration depends on its magnitude because a comparison 
of the two approaches in Figure 6 revealed a similar trend with a slight 
deviation. Additionally, when the 14th Nov, 2016 Kaikoura earthquake 
in New Zealand was plotted, it plotted well on the magnitude-
earthquake duration regression line. This is interesting to note, given 
the fact that the Kaikoura earthquake data was included in the final 
stage of compiling this manuscript [54-57].

Definition Bracketed 
Rel.  
Abs.

Uniform 
Rel. 
Abs.

Siginificant 
Rel.       
Abs.

Structura 
Rel.      
Abs.

Rosenblueth and Bustamente [33] 

Housner [6]  
Ambraseys and Sarma [32] 

Husid 

Kobayadu [31] 

Page et al. [30]
Donovan [30] 

Bolt [5]  

Housner [6] 

Trifunac and Brady [28] 

Hisada nd Ando [29] 

Trifunac and Westrmo [28]
Saragoni [27]
McGuine and Barnhard [26]     

McCann and Shan [13] 

Perez 

Vanmarcke and Lai [7] 

Zahrah and Hall [25] 

Zhou and Xie [22] 

Shahabi and Mostaghel [24] 

Theolanopoullos and Dralopoulos 

Elghadamsi et al. 

Xie and Zhang [23] 

Mohras and Peng 
Theofanopulos and Watabe 

Kawashima and Aizawa [22]   

Sarma and Casey [20] 

Papazachos et al. [19] 

Somerville et al. [18] 

   Frequency-induced duration                 Frequency-dependent duration

Table 1: Classification of definitions of duration of strong motion [3].

 

1

2

3

4

6

7

8

9

1012

13
1415 16

17

19

2021

2022 & 23
5 & 24

D = 0.0108e1.0828M

R² = 0.65

1

10

100

1000

6 6.5 7 7.5 8 8.5 9 9.5

Ea
rt

hq
ua

ke
 D

ur
at

io
n 

(S
ec

)

Magnitude (Mw)

Magnitude vs Earthquake Duration

2016 Kaikoura 
Earthquake NZ

Figure 4: Relationship between magnitude and earthquake duration (data on 
Kaikoura based on USGS).



Citation: Moses DN, Türk N (2016)  An Assessment of the Influence of Earthquake Duration in Inducing Landslides. J Geogr Nat Disast S6: 007. doi: 
10.4172/2167-0587.S6-007

Page 4 of 7

ISSN: 2167-0587Environment: Globalization and UrbanizationJ Geogr Nat Disast, an open access journal

PGA and earthquake duration: PGA can as well be considered to 
have a significant impact on the duration of strong earthquake ground 
motion. In this study, efforts were made to establish the relationship 
between PGA and earthquake duration. The statistical analysis between 
PGA and duration of studied earthquakes is shown in Figure 7. The 
relationship indicates that there is no correlation between PGA and 
duration of earthquake. Thus, it is suggested that a good relationship 
of the two variables may be obtained if comparisons are made in the 

same geological settings since earthquake duration is also affected by 
geological materials [58,59].

Fault length and earthquake duration: Within the scope of the 
study, we investigated the influence of fault length on duration of 
earthquakes. The established relationship between the fault length 
and the duration of the studied earthquakes is presented in Figure 8. 
It was established that fault length correlates positively to earthquake 
duration as evidenced by the value of coefficient of determination (R2) 
after running a regression analysis. The regression analysis result gave a 
high coefficient of determination value of 0.81 (Figure 8).

Focal depth and earthquake duration: Focal depth is one of the 
crucial parameters in earthquake engineering studies. The extent of 
the shaking due to earthquakes depends on whether the earthquake is 
shallow or deep seated. From this background, the study attempted to 
assess the impact of focal depth on earthquake duration. The analysis 
conducted revealed that there is an extremely low correlation between 
focal depth and earthquake duration with a coefficient of determination 
at R2=0.03 (Figure 9).

Focal depth times fault length and earthquake duration: 
According to Salmon et al., earthquake duration increases with 
increasing distance from the recording site to the zone of energy 
release (focus) of the causative earthquake, substantiated that this 
phenomenon is due to the presence of slowly propagating surface 
waves arriving from long distance as well as of late time indirect body 
wave arrivals due to increased numbers of refractions, reflections, 
and scatterings of body waves over the longer travel path. Based on 
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this discussion, efforts were made to establish the impact of the focal 
distance multiplied by fault length, on earthquake duration. It can be 
observed in Figure 10 that there is a moderately strong relationship 
between focal depth times fault length and duration of earthquake 
ground motion. The correlation value obtained from the relationship 
is R²=0.61 which shows a significant influence.

Earthquake duration and landslides: Earthquakes are among 
the most destructive natural hazards on Earth. Normally when an 
earthquake occurs, assessment of the extent of its damage is in relation 
to fatalities, displacement of people and structures. But, earthquakes 
can also cause a slope to become unstable by the inertial loading it 
imposes or by causing a loss of strength in the slope materials thereby 
inducing failures. In this regard, we investigated into the influence of 
earthquake duration on landslides induced by the major earthquakes.

Earthquake duration and reported number of landslides: In the 
preceding section, it has been found that duration of strong ground 
motion increases with increasing magnitudes (Figure 1). Corollary, 
it could be anticipated that the number of landslides generated by 
an earthquake should be proportional to the duration of the ground 
motion. However, the results presented in Figure 10 indicate that 
number of landslides produced during and/or after an earthquake do 
not necessarily increase with increasing duration. In fact, majority of 
the devastating earthquakes occurred in a short period with a great deal 
of damage. Most investigated landslides inducing earthquakes between 
1998 and 2015 lasted for ≤ 60 seconds (Figure 11). This trend leads us 
to a conclusion that the build-up power from the earthquake attenuates 
with time.

Earthquake duration and area affected by landslides: In the scope 
of this study, a special attention was given to the influence of duration 
of strong earthquake ground motions on surface response to rupture 
and damage in relation to landslides. This is a shift from studies that 
have extensively researched on and acknowledged the influence of 
duration of strong earthquake ground motion on structural response. 
The results on the relationship are presented in Figure 12. It can be 
observed in Figure 12 that there is a moderately strong positive 
correlation obtained between duration of earthquake ground motion 
and square root of the area affected by EI landslides. The correlation 
value of R²=0.61 indicates that area affected by landslides is to some 
extend determined by earthquake duration. Another observation to 
draw from the outcome is that most earthquakes do not last long but 
their impacts are enormous.

Discussion
In this study, data for major earthquakes (Mw ≥ 6.6) that induced 

landslides between 1998-2015 in the world were investigated. The 
study came up with relationships between earthquake duration and 
other seismic parameters: magnitude, peak ground acceleration, focal 
depth, fault length and focal depth times fault length in relation to the 
number and area affected by landslides generated during and/after the 
earthquakes.

It has been established from the analysis that the duration of 
earthquakes is directly proportional to the earthquake magnitude in 
the sense that an earthquake with a higher magnitude tends to have 
a long duration of strong ground motion. This substantiates and 
validates the findings of Trifunac and Salmon et al. Additionally, the 
relation established between the earthquake duration and magnitude 
for the major earthquakes is noted to be in agreement with Antikaev 
and Shebalin and Schteinberg’s equation in the sense that the trend of 
the relations are conformable (Figure 5). Given the fact that earthquake 
duration is anticipated to vary in distinctive areas, regardless of equal 
magnitude, due to; different local site conditions and propagation path 
of waves, the positive correlation between the two variables proffers 
a conclusive indication of the influence of magnitude on earthquake 
duration. However, the results for PGA against earthquake duration 
indicate that there is no proportional correlation between the two 
variables. It has been noted that earthquakes that registered a high 
PGA do not have a reciprocal high duration. This outcome emanates 
from the choice of the representative PGA of the earthquake shaking in 
which only the peak value was taken into consideration. Thus, the PGA 
value does not provide the total acceleration content of the record to 
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give a complete characterisation of the shaking energy during the time 
of an earthquake in relation to its impact of inducing landslides. In this 
regard, it is suggested that a good relationship of the two variables may 
be achieved if comparisons are made in the same environment settings 
of earthquake occurrence.

It was also established that fault length correlates positively to 
earthquake duration. Major earthquakes which had extended fault 
length registered longer duration of earthquake ground motion. This 
is arguably, a direct consequence of energy attenuation which tends 
to slow the rate of travel of the seismic waves as they get dissipated 
through the rupture. However, it came out that earthquake duration 
is not essentially affected by focal depth as it could be anticipated 
although the earthquakes at greater depth have somewhat high 
duration. Nevertheless, the combined effect of focal depth and fault 
length was found to be positively correlated to duration of earthquake.

An assessment of the influence of duration of strong earthquake 
ground motion on land sliding revealed that number of landslides 
produced during and/or after earthquakes do not necessarily augment 
proportionally to earthquake duration. This could be attributable to 
the influence of other causative factors, such as geology and relief, 
which play key roles in inducing landslides during and/or after an 
earthquake. Nonetheless, majority of the investigated earthquakes 
that triggered landslides between 1998 and 2015 lasted for ≤ 60 
seconds and caused enormous damage. The extent of damage by EI 
landslides when evaluated using a relationship between earthquake 
duration and area affected by landslides gave a moderately strong 
positive correlation with a coefficient of determination of R²=0.61. This 
indicates that the extent of the damage by the resulting landslides after 
and/or during an earthquake is somewhat influenced by earthquake 
duration. This is to say that elongated ground shaking culminates into 
perpetual weakening of the slopes over relatively a large area. When 
the movement of the loose materials is finally triggered the scale of 
coverage gets correspondingly large. For instance, after the Chi-Chi 
earthquake some affected parts did not cause imminent landslides 
but the shaking impact as a function of time caused slopes to become 
unstable thereby acting as a catalyst to landslides during the subsequent 
heavy rains brought by typhoon Toraji. It is also fascinating to note that 
the reconnaissance results on the area affected by the landslides after 
the Kaikoura New Zealand earthquake, which is 7,000 km2, falls close 
to the regression line of the parametric relation after taking the root 
value thereby validating the relationship.

Conclusion
This review paper, unlike majority of the studies which extensively 

researched on the impact of duration of strong earthquake ground 
motion on structural response, deviated from the norm by focussing 
on the influence of duration of earthquake ground motion on slope 
stability in relation to landslides. The following points have been drawn 
from the study:

Magnitude and fault length have a strong positive correlation with 
earthquake duration.

PGA and focal depth have a negligible correlation with earthquake 
duration.

The relationship between focal depth times fault length and 
duration of earthquake ground motion yielded a moderately strong 
positive correlation.

Reported number of landslides produced during and/or after an 

earthquake do not necessarily augment with increasing duration, 
however most of the landslides occurred at an earthquake duration of 
≤ 60 seconds.

Duration of earthquake ground motion yielded a moderately 
strong positive correlation against square root of the area affected by 
EI landslides.

Most of the seismic parameters of the recent Kaikoura earthquake, 
New Zealand: PGA 1.3, Mw 7.8, intensity of IX, focal depth 15 km and 
estimated seismic shaking of 44 sec, have surely contributed to the 
multiple landslides (80,000-100,000) that have enormously affected the 
Kaikoura area (see Appendix).
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