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The estimation of the impact of earthquakes on buildings and mega structures in 
large urban areas is of extremely importance. That is why it always gets attentions from 
construction planners and policy makers who are concerned about construction rules. 
When earthquake occurs, the vibration is transferred to sites. Although the vibration 
intensity is at first not too strong, the motion probably becomes stronger and lasts longer 
under special conditions of the local site. Two famous examples for these effects occurred 
in Mexico City in 1985 and in Taiwan in 1999. There are a number of approaches to this 
problem, such as evaluations based on seismic field observations, the microtremor method, 
the method using the weak motion data, the method using the strong motion data, the 
one-dimensional wave propagation method or the three dimensional wave propagation 
method with simulation etc. In this paper, we will give an overview and discuss about the 
advantages and the disadvantages of the methods that have been commonly applied in the 
world. We also present the application of these methods in studies carried out in Vietnam 
in general and in particular, in Hanoi city. We found that the studies for Hanoi city were 
mainly carried out in the western areas of Hanoi and a few positions in the urban districts. 
In addition, the authors only gave comments about and assessments of the shear wave 
velocity, and classified the ground type without a detailed map of local site effects for the 
entire area of Hanoi. In order to obtain a full site effects evaluation for Hanoi city, future 
studies should focus on the application of 1D analysis for the central area of Hanoi city 
and combining 1D analysis with 2D or 3D to give a better picture about the impact of lo-
cal site effects. This hybrid approach is necessary in order to compare and verify the data 
obtained by the empirical and the analytical methods. On the other hand, many problems 
need to be addressed, for instance, the construction of a detailed 3D geological model 
for Hanoi, the calculation of the dominant periods and the amplification of the local soil 
conditions for the urban areas.

Key words: amplification, overview, site effects , strong ground motion, site con-
ditions.

1. Introduction. There have been many 
research over the world about local site re-
sponse when earthquakes happened. The 
earthquakes collapse buildings, damage the 
bridges and tunnels , cause strong ground 
motion and several effects such as landslides, 
soil liquefactions or amplifying vibrations. 
When earthquake occurs , the vibration is 
transferred to sites. Although the vibration 
intensity is at first not too strong, the motion 

probably becomes stronger and lasts longer 
under special conditions of the local site. Two 
famous examples for these effects occurred in 
Mexico City in 1985 and in Taiwan in 1999. In 
the first example, the earthquake with 8.1 Rich-
ter (Ms) magnitude occurred in Michoacan,
which is around 400 km far from the Mexico 
city, but it caused the collapse of 317 high-
rise buildings , ten thousands of casualties 
and a total loss of up to 4 billion of US dollars 
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there [Anderson et al., 1986; Beck, Hall, 1986; 
Moreno Murillo, 1995]. Because silt and clay 
sediments are the main deposits underneath 
the ground in downtown area of Mexico City, 
the tremor has been enhanced in the earth-
quake. The second example is the Chi Chi 
earthquake that happened in Taiwan in 1999 
(Mw = 7.6, Ml = 7.3). Its epicenter is 160 km 
from Taipei. Theoretically, shocks did not 
ably exceed magnitude 6, however the actual 
intensity recorded in Taipei was magnitude 8 
and the soft surface sediments not only am-
plify the ground motions but also prolong the 
shaking duration [Shin, Teng, 2001; Fletcher, 
Wen, 2005]. The reason for these changes are 
mostly due to the local site conditions.

In the past decades, this problem has been 
widely studied by many researchers all over 
the world [Brady, 1966; Trifunac, Brady, 1975; 
Whitman, 1973; Whitman et al., 1997; Aki, Iri-
kura, 1991; Calvi et al., 2006; Sánchez-Sesma, 
Crouse, 2015; Trifunac, 2016] as well as in 
Vietnam [Xuyen et al., 1996; Phuong, 2002; 
Son, 2003; Nguyen, 2002; Nguyen et al., 2012; 
Thuy et al., 2004; Bac et al., 2011]. There are a 
number of approaches to this problem, such 
as evaluations based on seismic field observa-
tions, the microtremor method, the method 
using the weak motion data, the method using 
the strong motion data, the one-dimensional 
wave propagation method or the three di-
mensional wave propagation method with 
simulation etc. In this paper, we will give an 
overview of the methods that have been com-
monly applied in the world and present their 
application in studies carried out in Vietnam 
in general and in particular, in Hanoi city.

2. An overview of methods used to evalu-
ate the effect of local site conditions on the 
strong-motion.

2.1. Empirical Methods.
2.1.1. Method based on field observations. 

By surveying the earthquake damage data in 
a city, it is possible to divide that city into zones 
with different seismic hazard levels. A detail-
ed field observation of the range of shock caus- 
ed by the earthquakes can help seismic micro-
zoning [Kagami et al., 1988, 1995]. This type of 
approach has been applied since the early ye-
ars of the 20th century in Japan [Mogi, 1995].

Despite many difficulties in converting vi-
bration intensity data to quantitative design 
parameters, this method is currently used in 
many parts of the world, for example, Japan, 
Mexico, Chile, Peru, Italy, Greece, France etc. 
Recently, many works in Europe [Hill, Ros-
setto, 2008], China [Zhao et al., 2009], Spain 
[Romão et al., 2013], Nepal [Malla et al., 2019] 
have provided a lot of useful informations for 
the design of earthquake resistance structures 
and for seismic vulnerability classification. It 
also has become the starting point for many 
earthquake prediction methods today.

2.1.2. Methods using microtremor seismic 
data. Microtremor is the term denoting ground 
oscillation produced by natural environment 
or ambient noise, such as wind, waves, trans-
portations, industrial plants etc. The vibra-
tions are recorded by high-sensitivity seismic 
devices. Microtremor spectral method is one 
of the crudest methods. It mainly determines 
the frequency at the maximum amplitude of 
the wave of the average spectrum of pure seis-
mic micro waves. Japanese scientists believe 
that the spectral characteristics of seismic 
microtremor show some relationship with the 
ground geological conditions. For example, 
a dominant period of microtremor less than 
0.2 s is an index of solid or rocky soil, while 
longer periods indicate thicker and more po-
rous sediments.

The frequencies at these maximum am-
plitudes have also been explained as having 
relations with the basic resonant frequencies 
of the survey location. Experimental surveys 
in locations such as Mexico City [Lermo et 
al. , 1988] (Fig. 1) , Los Angeles [Yamanaka et 
al., 1993], Taiwan [Wen, Huang, 2012] and 
in many other locations in Japan have given 
clear evidence for the same conclusion in case 
of long periods (T > 1 s).

By this method, the effect of local site con-
ditions is determined by the spectral ratio of 
seismic bands received at the study site and 
the reference site. The reference site is chosen 
so that it is close enough to the study site to 
ensure that the difference between the sites is 
due to the local site condition rather than the 
difference of the sources of noise or transmis-
sion. Furthermore, the reference site should 
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be located on the horizontal bedrock which 
has not been weathered.

Horizontal-to-Vertical Spectral Ratio (HVSR, 
or Nakamura method) is the ratio between the 
horizontal component and the vertical compo-
nent of the Fourier spectrum of microtremor. 
In 1989, Nakamura argued that the H/V ratio 
allows to evaluate the reaction of local site to 
S-waves, providing reliable results not only 
for resonance frequencies but also for the cor- 
responding amplifications. This is based on the 
interpretation of seismic waves, such as Ray-
leigh waves, spreading in a single layer (loose 
soil layer) situated on space above the bed-
rock. In the frequency domain, microtremor 
can be expressed in four types of amplitude 
spectra: the Fourier amplitude spectra for the 
vertical and the horizontal components of os-
cillation at the surface of the soil layer [VS (w), 
HS (w)], and the Fourier amplitude spectra for 
the vertical and the horizontal components 
at the surface of the bedrock [Vb (w), Hb (w)].

Through seismic records obtained in drill 
holes , Nakamura has empirically come to 

the following equations: 
( )
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= , where Sm (w ) represents 

the effect of local site conditions.
Based on these equations, Nakamura sug-

gested that the effect of the local site condi-
tion could be determined by the ratio of the 
amplitude spectrum between the horizontal 

and the vertical components of microtremor. 
Similar results were also obtained by Kazuoh-
Seo in a study on microtremors in Fukui ba-
sin in Japan [Seo et al., 2000]. Up to now, the 
Nakamura method is considered one of the 
cheapest, fastest and most suitable method for 
quite reliable calculation of the fundamental 
frequency of the porous sediments. Nakamura 
[2019] added the remark that «the Nakamura 
method to estimate not only the resonance 
frequency and amplification factor of a surface 
layer using HVSR at ground surface but also 
the resonance frequency and the amplifica-
tion factor of both buildings and ground using 
HVSR at the top of a building».

In the development of the microtremor 
methodology, there are two different appro-
aches. In one approach , which is described 
above and considered the standard tool for 
calculating the natural site period, data from a 
single observation station are used. The other 
approach, named the spatial autocorrelation 
method (SPAC method) , uses data from a 
group of stations. It was introduced by Aki in 
1957 and developed by other scientists [Aki, 
1957; Henstridge, 1979; Okada, 1998, 2006; 
Haney et al., 2012]. The SPAC method was 
shown to be effective for determining shear 
wave velocity structures of sediments and site 
characterization [Kudo et al., 2002; Apostoli-
dis et al., 2004; Chávez-García et al., 2005].

2.1.3. Methods using the weak motion data. 
Weak motion data are recorded from small 
or medium seismic events of natural or man-
made earthquakes, such as earthquakes with 
small magnitude, aftershocks of large earth-
quakes , mining blasts or nuclear weapons 
tests. The data recorded by traditional high-
sensitivity digital devices can be used in de- 
termining ground effects. The most challen-
ging difficulty in using this kind of data is 
the elimination of the effects of sources and 
transmission [Field, Jacob, 1995]. Two meth-
ods frequently used to solve this problem are:

– The reference-site method (the Standard 
Spectral Ratio technique, SSR): This method 
has been introduced by Borcherdt since 1970 
and is widely used until now. It is basically 
similar to the spectral ratio method mentioned 
in section 2.1.2, but differs from that by the use 

Fig. 1. Natural period estimated from microtremor 
spectra versus natural period obtained from strong 
ground motion data [Lermo et al., 1988].
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of data from a big enough network of stations 
with the assumption that the distance between 
two stations is closer than the source-to-site 
distance [Borcherdt , 1970, 1994; Borcherdt , 
Glassmoyer, 1994; Andrews, 1986; Field, Jacob,
1995; Tramelli et al., 2010; Priolo et al., 2019].

– The non-reference-site method: This me- 
thod is used in cases when reference loca-
tions are not available [Steidl et al., 1996]. In 
this method, the response of the ground is 
determined by obtaining the spectral ratio 
between the horizontal component and the 
vertical component of the shear waves. It is 
principally a combination of the method that 
Langston [1979] used to determine the ve-
locity structure of the Earth’s crust from the 
spectral ratio between the horizontal and the 
vertical components (HVSR) of P-waves and 
the Nakamura's method [1989, 1996]. This 
technique had been initially used by Lermo 
and Chávez-Garcia [1993] to successfully 
evaluate site effects for three different cities 
in Mexico: Oaxaca Oax., Acapulco Gro., and 
Mexico City from only one station. However, 
further experiments have tested and shown 
that this method is only applicable for porous 
ground, hence it may not be suitable for other 
types of site conditions [Field, Jacob, 1995; 
Bard, 1999].

2.1.4. Method using the strong motion data. 
With the development of strong motion net-
work stations in the world, many cities (Los 
Angeles, Mexico, Taipei, and Tokyo) can use 
the method in Section 2.1.3 with the strong 
motion data instead of the weak one. In the 
case of Mexico City, the network of stations 
there recorded at least one event per year 
allowing to obtain results with sufficient reli-
ability and details to perform seismic micro-
zonation.

In Japan, the nation-wide strong motion 
network is up to nearly 2000 stations (Fig. 2) 
distributed all over the country. Since early 
1990, a network of strong motion stations has 
been established in a large number of areas in 
Taiwan. It has been used for monitoring earth-
quake in real time since 1995 [Wu et al., 1997, 
2019]. The data obtained from these networks 
are not only deployed in construction projects 
and urban planning but also efficiently sup-

port early warning systems in Japan, Taiwan 
and other countries.

2.1.5. The empirical relationship based on 
surface geology. The effects of the porous 
sediments on seismic response are often ob-
served. The number of observations allows 
researchers to develop the empirical relation-
ships between surface geology and its effects 
on earthquake vibrations. Table 1 describes 
the empirical relationship between the surface 
geology and the vibration intensity increase 
proposed by Medvedev [1962]; Evernden and 
Thomson [1985]; Kagami et al. [1988]; Astroza 
and Monge [1996]. Here the correlation given 
by Mevedev has been widely used in Eastern 
European countries for earthquake zoning 
studies, while the correlations by Evernden 
and Thomson are used in Western Europe 
used in Western Europe for predictive studies. 
Although these correlations are based on data 
from certain areas (California, Chile, Japan, 
Middle Asia), they will be applicable to any-
where in the world if corrections to the differ-
ences between the JMA, MM or MSK scales 
are made. This solution is now being used to 
construct the level damage of earthquakes in 
the future and most of the curves of hazard 
assessment to buildings and other works are 
given as a function of vibration intensity.

In many cases, when the Intensity Incre-
ments of local site effect is not clearly seen, we 
can consider the relative amplification factor 
for the corresponding geological units (Table 
2). However, the derivation of these empirical 
relations are not simple because the amplifica-
tion factor for each geological unit is not all 
determined in the same way.

2.2. Numerical Approach. When the geo-
technical characteristics of the site or region 
are known, in principle, the local site effects 
can be determined by numerical analysis. 
The common base is the equation of wave 
propagation in the soil and rock environment. 
Various models have been suggested in these 
numerical analysis. For example, we must pay 
attention to the forms of the incoming wave 
field (far field, near field, body wave, surface 
wave); structural shapes (1D, 2D, or 3D); Me-
chanical reaction of Earth's material under 
different conditions: flooded environment , 
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liquid environment, elasticity etc. are also in- 
cluded in the models.

In fact many problems exist. For examples, 
numerical approach requires high quality 
input data and detailed geotechnical and 
geophysical surveys for the research positions 
which increase the cost of construction.

2.2.1. Approximate Methods. As mentioned 
above, the magnification on porous soil is re-
lated to resonant effects, the factors shown in 
the frequency domain as peaks of the Fourier 
transform function. Using a simple numerical 
method, we can determine the fundamental 
period of the ground (T0) and the correspond-
ing amplification A0. The calculation will be 
performed if only one layer is considered 
above bedrock. It is necessary to know the 
S-wave velocity and the thickness of the sur-
face layer to identify the T0 and the A0 which 
requires wave velocity in the bedrock and the 
damping coefficient of the sediments.

With locations on the multi-layer structure, 
the simple calculations can give good results 
on the fundamental period T0. Under normal 
conditions, these calculations can be done us-
ing the formula given by [Dobry et al., 1976], 
which are summarized in Table 3.

In Table 3, the method 1, 2, 4 can be assig-
ned to a category because they all shows the 
same behavior. The errors of this group is abo-
ut 20 percent. Although the method number 
3 is often used in practice because it is kindly 
simple to obtain the sum of layers’ period, its 
errors are larger than 25 up to 30 percent.

The Methods 5, Simplified Version of the 
Rayleigh Procedure , is the best methods 
which produces an error less than 10 percent 
for calculating the period for all profiles and 
are recommended for practical use.

Up to now the methods of estimating fun-
damental periods from shear-wave profiles 
have been developed and discussed in many 

Fig. 2. Japan Strong Ground motion stations [Okada, 2013].
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research [Zhao, 1996; Hadjian, 2002; Motaze- 
dian et al., 2011; Vijayendra et al., 2015; Urzua 
et al., 2017; Wang et al., 2018]. They are adju- 
sted to a pocket calculator and easily perfor-
med on spreadsheet. However, those methods 
are no longer valid in the case of a thin layer 
of porous soil which is deep and covered by 
harder and much thicker layers.

2.2.2. Method of solving the wave propaga- 
tion in one-dimensional environment. Nowa-
days we have a lot of methodologies to esti-
mate the response of local soil conditions 
when earthquakes happen. With one-dimen-
sional (1D) analysis we have several famous 
programs such as: SHAKE91, SHAKE2000, 
DEEPSOIL, ERRA, FLAC or Strata. The foun-

1

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Geological unit 
Intensity 

incre-
ments 

References 

Granites 0 

MSK Scale 
[Medvedev, 

1962] 

Lime stone sand 
stone shale 0.2—1.3

Gypsum, Marl 0.6—1.4

Coarse material 
ground 1.0—1.6

Sandy ground 1.2—1.8

Clayey ground 1.2—2.1

Fill 2.3—3.0

Moist ground 
(gravel, sand, 

clay) 
1.7—2.8

Moist fill and soil 
ground (marsh) 3.3—3.9

Granitic 
and 

metamorphic 
rocks 

0 

MM Scale 
[Everden, 
Thomson, 

1985] 

Paleozoic rocks 0.4 

Early Mesozoic 
rocks 0.8 

Cretaceous to 
Eocene rocks 1.2 

Undivided 
Tertiary rocks 1.3 

Oligocene to 
middle Pliocene 

rocks 
1.5 

T a b l e  1 .  Intensity increment for each geological unit

2

Geological unit 
Intensity 

incre-
ments 

References 

Pliocene-
Pleistocene rocks 2.0  

 
 

MM Scale 
[Everden, 
Thomson, 

1985] 

Tertiary volcanic 
rocks 0.3 

Quaternary 
volcanic rocks 0.3 

Alluvium 
(water table) 

< 10 m 
1030 m 

> 30 m 

 
 

3.0 
2.0 
1.0 

Talus 
and Andesite 0 

JMA intensity 
scale [Kagami

et al., 1988] 

Gravel 0.2 

River Deposits 0.4 

Volcanic Ash 0.5 

Sandy Silts 0.7 

Clay Silts 0.8 

Silt 1.0 

Peat 0.9 

Granitic rock 0 

MM scale 
[Astroza, 

Monge, 1996] 

Volcanic 
pumicite ashes 1.52.5

Gravel 0.51.0

Colluvium 1.0—2.0

Lacustrine 
deposits 2.0—2.5
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dation of 1D seismic analysis bases on the 
shear wave propagation from the bedrock up 
to the top horizontal layers and its main re-
sponses [Thomson, 1950; Gutenberg, Richter, 
1956; Idriss, Seed, 1968; Schnabel et al., 1972; 
Kausel, Roesset, 1984; Kramer, 1996; Ching, 
Glaser, 2001]. The output of analysis will show 
the effect of soil resonance with strong ground 
motion in the investigated area which play 
an important role in civil engineering. The 
results from these methods reasonably agrees 
with field observations, hence they become a 
foundation for evaluating responses within 
soil deposits and the characteristics of ground 
surface motions.

In one dimension, analysis can be catego-
rized in to three types which are linear, equiva-
lent-linear and non-linear analysis. The linear 
and equivalent-linear analysis are carried out 

in the frequency domain while the non-linear 
analysis is executed in the time domain.

When using program (SHAKE or DEEPSOIL) 
to evaluate the site response in one-dimen-
sional environment, the shear-wave velocity 
and ground type are the crucial input data in 
the calculating process. On the other hand, 
the ground type and VS , 30 are also employed 
in structure design for earthquake resistance. 
With an investigated area having detailed 
information about geology and boreholes , 
we are able to calculate the VS , 30 (the average 
shear wave velocity) and the ground type. The 
Vietnam Building Code [2012], International 
Buiding Code [2009] and Eurocode 8 [2004] 
have similar structure design for earthquake 
resistance. Following Eurocode 8, the ground 
conditions and ground type are described in 
Table 4.

Where VS , 30 should be computed in the 

following expression:

 

/
S

N
i i

i

V
h v

=

=
∑

30

1

,

,

30 ,

hi is the thickness (in meters); vi is shear-wave 
velocity of the i-th formation or layer, in a total 
of N, existing in the top 30 m from the surface.

Many questions have been raised about 
the feasibility of the more than 50-year-old 
theory. In fact, this theory is still appropriate 
for earthquake response of horizontal layers 
in the modern analysis [Groholski et al., 2015, 
2016; Fiorentino et al., 2018; Yamin et al., 2018, 
Stanko et al., 2019]. The reason is that due to 
the simplicity of the program, the input and 
output data are the text file or spreadsheet and 
more crucially the working time of program to 
get site response is quite fast (just in seconds).

A lot of groups continue to develop 1D pro-
grams supporting all types of analysis such 
as DEEPSOIL (2020), PLAXIS (2020) , Strata 
(2019) etc. However, in many case, when the 
analysis need more details, the modeling re-
quires performing two or three dimensional 
calculation for more accuracy. We can see the 
basin effect, edge effects, effects of strong lat-
eral discontinuities with 2D or 3D simulations 
which also exhibit the higher peak and longer 
duration compared with 1D results (Fig. 3).

2.2.3. Method of solving the wave propaga-
tion in 2D & 3D environment. It is shown that 

1

Geological unit 

Relative 
ampli-

fication 
factor 

References 

Bay mud 
Alluvium 

Santa Clara Formation
Great Valley sequence
Franciscan Formation 

Granite 

11.2 
3.9 
2.7 
2.3 
1.6 
1.0 

[Borcherdt, 
Gibbs, 1976]

Peat 
Humus soil 

Clay 
Loam 
Sand 

1.6 
1.4 
1.3 
1.0 
0.9 

[Shima, 1978]

Holocene 
Pleistocene 

Quaternary volcanic 
rocks 

Miocene 
Pre-Tertiary 

3.0 
2.1 
1.6 

 
1.5 
1.0 

[Midorikawa, 
1987] 

 

T a b l e  2 .  Relative site amplification for 
each geology
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in many cases, the 1D-site response analysis 
is not accurate for the location where soil is 
surrounded by rock and forms a sedimentary 
basin. Meanwhile, 2D and 3D analysis give a 
better understanding about the ground seis-

mic response induced by the local soil condi-
tion when earthquake happens. These effect 
has been intensively studied by various re-
searchers around the world [Sánchez-Sesma, 
1987; Aki, 1988, 1993; Bard, 1994; Pitarka et al., 

T a b l e  3 .  Summary of Approximate Methods

1 

Method 
No Description Procedure for soil period, T References 

1 Weighted average of 
velocities of layers 

1

1
n

i i
i i

V V H
H



   

0 1
4 HT T
V

   

[Schnabel et al., 
1972] 

2 Weighted average of 
modulus of layers 

1

1
n

i i
i i

G G H
H



   

1

1ρ ρ
n

i i
i i

H
H



   

0 2
4

/ ρ

HT T
G

   

[Ambraseys, 1959; 
Idriss, 1966] 

3 Sum of periods of 
layers 0 3

1

4n
i

ii

H
T T

V


    [Shima, 1962] 

4 Equation based on 
linear first modal shape 

2 2 3
4

1

3
n

i i
i

w V H H


 
 
 
 
  

0 4
4

2 π
ω

T T   

[Biggs, 1964] 

5 Simplified of version 
the Rayleigh Procedure 

 

 

2

2
12 2

5
2

1
1

4

ω ω

n
mi

i
ii

n

i i i
i

H z
H

V

X X H








 







0 5
5

2 π
ω

T T   

[Dobry et al., 1976] 

 



AN OVERVIEW OF SEISMIC GROUND RESPONSE METHODS ...

Геофизический журнал № 2, Т. 43, 2021	 139 

1998; Bielak et al., 2000; Chávez-García, 2003; 
Fernández, 2007; Lee et al. , 2008; Narayan, 
2005; Narayan, Sahar, 2014; Smerzini et al., 
2011a, b; Dhakal,Yamanaka, 2013; Frankel et 
al., 2014; Kamal, Narayan, 2015; Abraham et 
al., 2016; Hasal et al., 2018].

In sedimentary basin, a big difference has 
been found in velocity at the edges at which 
the diffraction occurs and the body waves 
are trapped. It causes some incident waves to 
travel through the basin soil as surface waves. 
Therefore, the basin edges can be considered 
assecondary seismic sources. Basin effects re-
sult in longer ground motions with an increase 
in low-frequency energy compared to those 

T a b l e  4 .  Ground types [Eurocode 8 ..., 2004]

Fig. 3. Comparison of spectral responses of 1D, 2D 
and 3D models for a cosine-shaped basin [Bard, Riepl-
Thomas, 2000].

1

Ground 
type Description of stratigraphic profile 

Parameters 

VS, 30 m/s 
NSPT 

(blows/ 
30 cm) 

Cu  kPa

A Rock or other rock-like geological formation, 
including at most 5 m of weaker material at the surface > 800 — — 

B

Deposits of very dense sand, gravel, or very stiff clay, 
at least several tens of metres in thickness, 

characterised by a gradual increase of mechanical 
properties with depth 

360—800 > 50 > 250 

C
Deep deposits of dense or mediumdense sand, gravel 
or stiff clay with thickness from several tens to many 

hundreds of metres 
180—360 15—50 70—250

D
Deposits of loose-to-medium cohesionless soil 

(with or without some soft cohesive layers), or of 
predominantly soft-to-firm cohesive soil 

< 180 < 15 < 70 

E

A soil profile consisting of a surface alluvium layer 
with vs values of type C or D and thickness varying 
between about 5 m and 20 m, underlain by stiffer 

material with VS > 800 m/s 

— — — 

S1 
Deposits consisting, or containing a layer at least 10 m 

thick, of soft clays/silts with a high plasticity index 
(PI > 40) and high water content 

< 100 
(indicative) — 10—20

S2 Deposits of liquefiable soils, of sensitive clays, or any 
other soil profile not included in types AE or S1 — — — 

 



G.K. TRUNG, N.D. VINH

140	 Геофизический журнал № 2, Т. 43, 2021

predicted by the 1D models [Kawase, 2003]. 
Since the surface waves are likely significant 
near the edges, they are the main reason for 
the serious damage as well as the amplifica-
tion and the prolongation of the duration of 
ground-motion in the earthquake.

Several methodologies have been carried 
out to assess this effect [Bard, Riepl-Thomas, 
2000; Olsen, 2000], such as analytical me-
thods, domain-based models , ray methods 
and boundary-based techniques. Analyti-
cal methods are often used for very simple 
geometries e. g. , homogeneous circular or 
elliptical basins [Trifunac, 1971; Wong, Trifu-
nac, 1974]. Ray methods which are applicable 
only to high-frequencies are difficult to use 
for wavelengths comparable to the size of the 
heterogeneities [Bard, Riepl-Thomas, 2000]. 
Boundary-element techniques are the most 
efficient when the site under consideration 
consists of a limited number of homogene-
ous geological units. However, since the re- 
sulting system is dense, it is difficult to ap-
ply the method to highly heterogeneous me- 
dium [Herrera, 1984; Manolis, Beskos, 1988]. 
Although domain models are the best candi-
date for problems with complex geometries, 
they cost more CPU time and require a se-
mi-infinite medium cutoff replaced by an ar- 
tificial boundary [Bielak et al., 1999]. In gene-
ral, numerical methods are very flexible and 
adjustable, however, they require detailed 
geotechnical or geophysical investigations to 
determine input parameters.

2.2.4. Hybrid Approach. In many cases, 
due to the lack of information or the limit of 
the approach, we need at least two analysis 
methods to evaluate the seismic ground re-
sponse. Firstly, we can account the work of 
Donat Fäh [Fäh et al., 1993], in which he had 
introduced a new method for realistic estima-
tion of seismic ground motion in megacities. 
This method combines the modal summation 
and finite-difference to simulate the ground 
motion. The numerical simulation results of 
the ground motion caused by the 1915 Fucino 
( Italia) earthquake are in good agreement 
with the observed distribution of destruction. 
This method also allows us to evaluate the 
local wave field from seismic events, where 

epicentral distance is from a few kilometers 
to hundreds of kilometers.

The other methods either combine the nu- 
merical earthquake models and the observa-
tion [Chávez-García et al., 2000; Chávez-Gar-
cía, 2003]; or compare the results from the 
hybrid modelling in the frequency domain 
with the results obtained from experimental 
data [Riepl et al., 2000]; or combine the finite 
element method with the boundary element 
method to solve problem of homogeneous 
and non-homogeneous topographic struc-
tures subjected to incident in-plane motions 
[Kamalian et al., 2006]; or use the stochastic 
method proposed by Boore [2003]; or apply 
the analytical model proposed by Mavroeidis 
and Papageorgiou [2003] to study about the 
bed rock and ground surface acceleration of 
the considered region [Ebrahimian, 2013]; 
or estimate seismic site amplification using 
microtremor measurements and HVSR analy-
sis combined with 1D equivalent-linear site 
response analysis for different peak ground 
accelerations [Stanko et al., 2019].

3. Case study: Applications in Vietnam 
and the city of Hanoi. In recent years, vari-
ous Vietnamese scientists have carried out 
intensive studies on hazard assessment of 
construction works at the hydroelectric power 
stations Tri An , Son La , Lai Chau etc. , and 
seismic microzoning for cities such as Hanoi, 
Dien Bien, Hue, Lai Chau, Vung Tau, and Ho 
Chi Minh City. In particular , many studies 
have been implemented to evaluate the effect 
of strong ground motion for the Hanoi area. 
Several groups of Vietnamese researchers 
were contributing to these studies.

3.1. Applications in Vietnam. In Vietnam, 
the first assessment of the effect of soil condi-
tions on strong motion was carried out in 1964 
when a small earthquake zoning map of Hanoi 
City at a scale of 1 : 50 000 was established. 
In this project, members of the Department of 
Geophysics — Office of Meteorology were us-
ing the seismic rigidity method suggested by 
Medvedev [1962]. It is among those practical 
methods which show the correlation between 
surface geology and seismic responses and 
was commonly applied in Eastern Europe. By 
1996, the final report of the National project 
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coded KT-ĐL 92-07 (Nguyen DinhXuyen , 
Nguyen Ngoc Thuy et al.) also mentioned this 
method in its conclusions.

After that , this method and others were 
used in earthquake hazard assessments for 
Ham Thuan and Dai Ninh hydropower plant 
areas, among others. A significant progress 
observed in these projects was that besides the 
qualitative conclusions, some quantitative re-
sults have also been obtained by microtremor 
and calculation methods. By 2002, in his mas-
ter 's thesis , Pham Dinh Nguyen explored in 
more detail the methods popularly used at 
that time in the world. Moreover, he has ap-
plied the SHAKE91 program to evaluate site 
effect for the Thang Long cement grinding 
plant in Ho Chi Minh City; and for the Tri An 
and Lai Chau hydropower plants; etc.

In the final report of the project named 
«Study of earthquakes prediction and ground 
motion in Vietnam» by [Xuyen et al., 2004], 
for the first-time, data on strong motion of 
the United State, Europe, China and the data 
of the 2001 Dien Bien earthquake were used 
with the SHAKE91 program to perform the 
normalized response spectra for different soil 
conditions in Vietnam at a distance of a few to 
hundreds of kilometers from the earthquake 
epicenters. In 2007, in the article «Microzo-
ning map of the Dienbien city» [Son, 2007], 
the authors have used the Nakamura's micro-
tremor method in combination with the use of 
the average shear wave velocity for the first 
30 m from the ground to classify the ground 
type and obtain predominant periods and 
spectral peaks of Dien Bien city.

In 2012, Pham Dinh Nguyen et al. have 
raised the issue of the influence of the terrain 
on seismic ground motion. The topographic 
conditions on the ground tend to increase the 
amplitude of seismic signals for horizontal 
components at sites around mountain sum-
mits.

In 2017, basing on gravity data, seismic 
exploration and tectonic data [Minh et al. , 
2017] have simulated the wave propagation in 
3D environment to simulate the site effect for 
the number 2 Tranh River hydropower dam in 
North Tra My, Quang Nam province. In the 3D 
model, the physical properties of the model as 

well as boundaries have been clearly defined 
basing on actual data. Information about the 
source scenario, such as coordinates, depth, 
magnitude of earthquake, 6 components of 
seismic moment and information about impor-
tant faults in the studied area were considered 
and included in the model. With the chosen 
input data, the authors not only produced qu- 
antitative values of the acceleration in the re-
gion but also showed the specific characteris-
tics of P-waves and S-waves on the simulation 
acceleration bands that have already been 
collected.

3.2. Case study for Hanoi. In the specific 
case of Hanoi city, due to its important po-
sition as the capital of the country and its 
location on the Red River fault system, it par-
ticularly attracts a great deal of attention from 
scientists who concentrate on the influence of 
the local ground conditions on strong motion. 
Research methodology has improved, and 
research activities have increased over time.

In the final report of the «Study on the 
seismic risk assessment for Hanoi» [Phuong 
et al., 2002]), the seismic code NEHRP (1997) 
of the United States was applied to determine 
the amplification factors for Hanoi city. The 
two projects, «Study of earthquake prediction 
and ground motion in Vietnam» [Xuyen et al., 
2004], «Study, supplement and enhancement 
of the 1 : 25 000 scale seismic microzonning 
map of the enlarged Hanoi city, development 
of the ground motion characteristic database 
in Hanoi in accordance with the map» [Thuy 
et al. , 2004] were completed by using the 
seismic rigidity method, the microtremor 
methods, and calculation about site effects 
for environment of multi sedimentary layers 
overlying a rigid base.

N.H. Phuong et al. [2006] summarised the 
results of his study as follows: «Two methods 
with interdependent relationship were pre-
sented. The first method allows quantitatively 
assess the ground motions with amplification 
of ground shaking to account for local site 
conditions. The second method, using the 
output of the first one, allows to estimate the 
damage and loss caused by earthquakes for 
an urban area. The methods have been succes-
sfully applied to a downtown district of Hanoi. 
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The wide implementation of the methods can 
considerably contribute to the earthquake 
hazard assessment and risk management , 
particularly the urban risk for the megacities 
in Vietnam».

In 2012 , Vu Minh Tuan et al. , used the 
HVSR method to analyze microtremor for 
some locations in Hanoi, thereby evaluating 
its feasibility for Vietnamese conditions.

Basing on microtremor motion observa-
tion for Hanoi area, Nguyen Tien Hung and 
Kuo-Liang Wen [2012] calculated the ground 
predominant periods by using microtremor 
techniques. It has been shown that the domi-
nant frequency of the ground gradually in-
creases from north to south and from east to 
west. The regions with dominant frequencies 
greater than 0.6 Hz are along the Red River, 
the urban area, the east and the south of the 
city which are dominated by near-surface thin 
coating.

Nguyen Anh Duong et al. [2017] conducted 
a seismic hazard assessment and a local site 
effect evaluation for Ha Dong area of Hanoi 
city basing on VS , 30 parameters and Naka-
mura's H/V spectral ratio. The map of ground 
dominant periods for Ha Dong district was 
established with a TS range of 0.6 —1.2 se-
conds. The result also shows that the PGA va-
lue corresponding to the 500-year return peri-
od of Ha Dong district is in the range of 0.13 to 
0.17 g. Withthe first attempt to evaluate the 
local site effect of Hanoi, Giang KienTrung 
et al. [2018] used the shear velocity and unit 
weight from the selected boreholes of some 
districts having categorization of weak soil to 
insert into the DEEPSOIL program. The results 
show that under the soil conditions of Hanoi 
area, the local site effect will happen if the 
scenario of earthquake occurs with magnitude 
greater than 6.0 (Mw). The realization for site 
amplification of Hanoi city is very important 
and requires more attention.

4. Discussions and Conclusions.
– In this paper, we have presented all me-

thods commonly used in the world to evaluate 
the site effect. The methods were divided into 
groups for a better overview and easier choice 
for application.

– For each method listed in this paper we 
have given reviews and comments on its major 
advantages and disadvantages. Up to now, 
most recent studies on site effect often try to 
use two or more methods in order to verify and 
complement each other. The 3D model and 
hybrid methods are always the first choice for 
areas that meet the research requirements and 
need high level of seismic hazard assessment.

– For Vietnam , the H /V method (micro-
tremor), 1D problem and seismic survey, as 
well as engineering geology have been the 
methods mainly in use. The 3D problem has 
also began to come into application, but only 
at the stage of early trials for one place.

– Along with the development of Hanoi city, 
the database consisting of its borehole data, 
geophysical surveys, and laboratory tests has 
become better and more supplemented. Pre-
vious studies were mainly carried out in the 
western areas of Hanoi and a few positions in 
the urban districts. In addition, the authors 
only gave comments about and assessments 
of the shear wave velocity, and classified the 
ground type without a detailed map of local 
site effects for the entire area of Hanoi. In or- 
der to obtain a full site effects evaluation for 
Hanoi city, future studies should focus on 
the application of 1D analysis for the central 
area of Hanoi city and combining 1D analysis 
with 2D or 3D to give a better picture about 
the impact of local site effects. This hybrid 
approach is necessary in order to compare 
and verify the data obtained by the empiri-
cal and the analytical methods. On the other 
hand, many problems need to be addressed, 
for instance, the construction of a detailed 3D 
geological model for Hanoi, the calculation of 
the dominant periods and the amplification of 
the local soil conditions for the urban areas.
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Обзор методов сейсмических реакций грунта 
в мире и применение их во Вьетнаме

Г.К. Трунг, Н.Д. Винь, 2021

Физический факультет, Университет науки, Вьетнамский национальный 
университет, Ханой, Вьетнам

Оценка влияния землетрясений на строения и мегаструктуры на больших город-
ских пространствах чрезвычайно важна. Поэтому она всегда привлекает внимание 
проектировщиков конструкций и политиков, вовлеченных в программу строитель-
ных норм. Когда происходит землетрясение, колебание передается строительным 
площадкам. Хотя интенсивность колебания вначале не слишком велика, движение, 
вероятно, становится сильнее и длится дольше при особых условиях местной пло-
щадки. Знаменитые примеры такого влияния — события, которые произошли в г. 
Мехико в 1985 г. и на Тайване в 1999 г. Известны многочисленные подходы к этой 
проблеме, такие как оценки по сейсмическим полевым наблюдениям, метод микро-
сотрясений, методы, использующие данные слабых подвижек, данные сильных 
движений, одномерный метод анализа распространения волны или трехмерноый 
метод аналыза распространение волны и др. Сделан обзор преимуществ и недо-
статков методов, применяемых в мировой практике. Проанализировано примене-
ние этих методов при исследованиях во Вьетнаме в целом и в г. Ханой в частности 
— в его западных районах и в нескольких точках городских участков. Приведены 
комментарии и оценки скорости сдвиговой волны, классифицирован тип грунта 
без детальной карты влияния локального положения на всю территорию города. 
Для оценки всех локальных эффектов города, будущие исследования следует фо-
кусировать на применении 1D анализа для его центральной зоны и комбинировать 
1D анализ с 2D или 3D анализом, чтобы иметь большее представление о воздействии 
локальных эффектов. Указанный гибридный подход необходим для сравнения и 
верификации данных, полученных эмпирическим и аналитическим методами. Сле-
дует также обратить внимание на многие проблемы, например: создание детальной 
3D геологической модели для г. Ханой, расчет доминантных периодов и укрепления 
местных грунтовых условий для городских зон.

Ключевые слова: усиление, обзор, влияние места работ, сильные подвижки 
грунта, условия местности.
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Огляд методів сейсмічних реакцій ґрунту 
в світі і застосування їх у В’єтнамі

Г.К. Трунг, Н.Д. Вінь, 2021

Фізичний факультет, Університет науки, В'єтнамський національний 
університет, Ханой, В'етнам

Оцінювання впливу землетрусів на будови і мегаструктури на великих міських 
просторах надзвичайно важливе. Тому воно завжди привертає увагу проєктуваль-
ників конструкцій і політиків, залучених до програми будівельних норм. Коли 
відбувається землетрус, коливання передається будівельним майданчикам. Хоча 
інтенсивність коливання спочатку не дуже велика, рух, імовірно, стає сильнішим і 
триває довше за особливих умов місцевого майданчика. Знаменитими прикладами 
такого впливу є події, що відбулися у м. Мехіко в 1985 р. і на Тайвані в 1999 р. Існують 
численні підходи до цієї проблеми, такі як оцінювання за сейсмічними польовими 
спостереженнями, метод мікрострясань, методи, що використовують дані слабких 
посувань, дані сильних рухів, одновимірний метод аналізу поширення хвилі або 
тривимірного поширення хвилі та ін. Зроблено огляд переваг і недоліків методів, 
які звичайно застосовують у світі. Проаналізовано застосовання цих методів у до-
слідженнях, проведених у В'єтнамі в цілому і в м. Ханой зокрема — переважно у 
західних районах міста і в кількох точках міських ділянок. Наведено коментарі та 
оцінки швидкості зсувної хвилі, класифіковано тип ґрунту без детальної карти впли-
ву локального положення на всю територію міста. Для оцінювання всіх локальних 
ефектів міста майбутні дослідження слід фокусувати на застосуванні 1D аналізу 
для його центральної зони і комбінувати 1D аналіз з 2D або 3D аналізом, щоб мати 
ліпше уявлення про вплив локальних ефектів. Цей гібридний підхід необхідний для 
порівняня і верифікації даних, отриманих емпіричним і аналітичним методами. Слід 
також звернути увагу на багато проблем, наприклад: створення детальної 3D геоло-
гічної моделі для м. Ханой, розрахунок домінантних періодів і зміцнення місцевих 
ґрунтових умов для міських зон.

Ключові слова: посилення, огляд, вплив місця робіт, сильні посування ґрунту, 
умови місцевості.


