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ABSTRACT: A seismic site effect manifests itself by the modification of the response of a site subjected to a seismic solicitation in 

comparison with a reference case. Unfortunately, the complete responses of movement taking into account the influence of 

topographical conditions on seismic movement are not considered in normal engineering practice. Because the problem of wave 

scattering is difficult to solve, simplification is needed in practical applications. Many authors studied topographic effects in valleys 

with a single slope regardless of the fact that in practical applications, configurations could be composed of multiple slopes. 

Engineers need to know the importance of this simplification. The purpose of this paper is to find the seismic response of an unfilled 

two-slope valley and compare it with a single slope model in order to discuss the importance of this simplification. It is found that 

simplifying the seismic response of a two-slope valley with a single slope model produces an error which is in direct relation to the 

difference of the first and second slope angles of the genuine valley. The higher the difference is, the higher the error would be. It is 

concluded that if the difference of the first and second slope angles is below 14°, it is possible to model the valley with the mean 

slope angle having in mind that an expected error of less than 3.15% would probably happen in the calculation. 

Un effet de site sismique se manifeste par la modification de la réponse d'un site soumis à une sollicitation sismique par rapport à un 

site de référence. Malheureusement, les réponses complètes du mouvement considérant l'influence des conditions topographiques sur 

le mouvement sismique ne sont pas prises en compte dans la pratique de l'ingénierie. Etant donné que le problème de propagation 

d’ondes est difficile à résoudre, la simplification paraît nécessaire dans les applications pratiques. De nombreux auteurs ont étudié les 

effets topographiques dans les vallées en considérant une seule pente, bien que dans les applications pratiques, les configurations 

pourront être composées de multiples pentes. Les ingénieurs ont besoin de connaître l’amplitude de cette simplification. Le but de cet 

article est de trouver la réponse sismique d'une vallée rocheuse à deux pentes et de la comparer avec un modèle considérant une seule 

pente afin de discuter l’amplitude de cette simplification. On a constaté que la simplification de la réponse sismique d'une vallée à 

deux pentes par un modèle considérant une seule pente produit une erreur qui est directement proportionnelle à la différence d’angles 

entre la première et la deuxième pente de la vallée réelle. On en conclut que si la différence d’angle entre les première et deuxième 

pentes est inférieure à 14°, il est possible de modéliser la vallée en considérant une pente moyenne en ayant à l'esprit qu'une erreur 

attendue de moins de 3,15% se produirait probablement dans le calcul. 
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1. INTRODUCTION 

Issues of site effects associated with seismicity have been 
studied by many authors using a variety of methods. Many 
examples of site effects can be found in the literature. The 
topography or geology of the site scatters seismic waves 
resulting in amplification in the case of focusing, and de-
amplification in the case of defocusing. The study of scattered 
waves by an irregular feature is a problem about which much 
has been written; nevertheless, engineers do not exactly know 
how to include 2D site effects in building codes. Two 
prominent seismic codes providing some recommendations on 
topographic amplification are AFPS (1995) and EC8 (2003), 
which are rather reluctant to account for seismic site effects. For 
example, EC8 recommends an amplifying parameter, ST, 
varying between 1.2 and 1.4 depending on the topographic 
feature. 
 
With the growth of computer technology, substantial progress 
in the interpretation of seismic site effects has been made in the 
last three decades. Analytical, experimental, numerical, and 
hybrid methods are the most common techniques applied for 
the estimation of local site effects. Sánchez-Sesma presented a 

summary of methodologies for the evaluation of seismic site 
effects on the strong ground motion during earthquakes 
(Sánchez-Sesma et al. 2004).  
 
In this research, the HYBRID program as a boundary element 
based (BEM) code is used to simulate the propagation of SV 
waves on an irregular surface. In this paper, the topographic 
effects of two-slope valleys are evaluated and compared with 
the same valleys modeled with a single mean slope.  
The main aim of this paper is to compare the effects of 
modeling an unfilled two-slope valley with a single slope and to 
find the error induced by this simplification. To this end, the 
responses of an unfilled two-slope valley and its paired single 
slope valley are calculated using the boundary element method 
(BEM). The comparison between their results explains the error 
behind the slopes’ simplification. In this research, vertically 
propagating SV waves of Ricker type with a fixed prominent 
frequency is considered as the input signal, and the bedrock is 
considered to be elastic isotropic. 
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 2.  METHOD 

Valleys are modeled by the HYBRID code, which is a coupled 
Boundary Element/ Finite Element code for studying 2D wave 
scattering problems (Gatmiri and Kamalian 2002, Kamalian et 
al. 2003, Gatmiri and Dehghan 2005, Gatmiri and Arson 2008, 
Kamalian et al). It is possible to use either the Boundary 
Element or Finite Element part of the program. The 
combination of these two methods in HYBRID made it a 
powerful tool for solving wave scattering problems with the 
combined effects of geology and topography of the site. In this 
paper, the valleys are considered to be unfilled, so the Boundary 
Element part of the program is implemented. 

3. MATERIAL AND GEOMETRICAL PROPERTIES 

Valleys with the first and second slope angle (α, β), the first and 
second depth ( , ), and a specific width ( = + +) are modelled according to Fig.1. Valleys with a single 
slope, γ, are also modelled with the same geometrical and 
geotechnical parameter (fig.1). Note, that since any paired 
valleys are totally identical, comparison between the two-slope 
valley and its paired single slope valley can determine the 
effects of modelling unfilled two-slope valleys with a single 
slope. According to Fig.1,  is the width of the base of valley, 

 is the width of the first slope of the valley, and  is the 
width of the second slope of the valley.  is the depth of the 
first slope and  is the depth of the second slope of the valley. 
Values of these geometrical parameters are provided in Table 1. 
 

Table 1. Geometrical properties of valleys 

Α 31° 

β 15° 45° 60° 

γ 23.5° 38.6° 49.4° 

 40 m 

 60 m 

 100 m 

 60 m = × tan	(β) 26.8 m 100 m 173.2 m 

 
For simplicity, the bedrock is assumed to be linear elastic, 
isotropic and homogeneous. The mechanical properties of 
bedrock are provided in Table 2.  
 

Table 2- Mechanical parameters of the bedrock 

 	 ( ) ( ⁄ ) ( ⁄ )  

Rock 6720 1000 2450 0.4 

 
 

Vertically propagating SV waves of Ricker type with a 
prominent frequency is considered as the input signal with the 
following equation: 
 ( ) = ( − 0.5)exp	(− ) 
 
in which = ( − / ). 
 
Amplification ( ),  and  are assumed to be 1, 0.5s and 
0.5s respectively. Therefore, the predominant frequency is 2. 
The signal lasts for three seconds. The Ricker wavelet is shown 
in Fig.2. 
 

4. RESULTS AND DISCUSSION 

In order to normalize the results with respect to the source and 
path of incoming waves, the spectral response of a point far 
from the valley is calculated and shown in Fig.3. This point is 
called the reference point since it is far from topography to be 
affected by the wave’s scattering. The spectral response of a 
point of interest is also calculated and shown in Fig.3. Then, the 
spectral response of the point of interest is divided by the 
spectral response of the reference point (Fig.4). The maximum 
value of this curve is called the spectral ratio (SRp) for the point 
of interest; therefore, the spectral ratio (SR) is a normalized 
index, which can be used as an amplification factor for a given 
point. After calculating SRp for every point of interest in the 
valley, it is possible to present the curve of the spectral ratio of 
the valley as a function of the distance from the center of the 
valley (Fig.5, 6, 7). 
Fig.5 presents results of a valley with two slope angles, α=31° 
and β=15°, and another valley with a single slope angle of 23.5°. 

Accordingly, it can be seen that the bases of both valleys (0 ≤≤ ) experience de-amplification. For both cases, by going 
away from the center of the valley, the spectral ratio increases 
until it reaches the relative maximum of 1.05 at X=75m ( ≤≤ ), then it goes back below 1. 
 
 

Figure 1. Geometrical configuration of the valley 

Figure 2. Ricker wavelet signal 
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There is no amplification on the first slopes of both valleys. For > 120 , spectral ratio increases until it reaches 1.32 for the 
single slope valley at X=200m. The spectral ratio is 1.24 for the 
two-slope valley at the same point. The difference of these 
values is 0.08. At X=400m, SR reaches the absolute maximum 

of about 1.38 for both curves.  
Fig.6 shows the spectral ratio of a valley with the first and 
second slope angles of 31° and 45°, and another valley with a 
single slope angle, γ=38.6°. De-amplification can be seen in the 
bases of both valleys. The spectral ratio increases by increasing 
X. The absolute maximum of the spectral ratio is 1.36 at 
X=300m for the single slope valley; it is 1.31 occurring at 
X=175m for the two-slope valley. For X=200m, which is the 
top edge of the valley, SR is 1.31 and 1.27 for a single slope 
and two-slope valley, respectively. Therefore, the difference of 
SR in the single slope and two-slope valley is 0.4 in this case. 

In the third study, the first slope angle, α, is 31° again, but the 
second slope angle, β, is increased to 60°. Another valley with 

the same geometrical and geological characteristics is modeled 
by a single slope, γ=49.4°. 
According to Fig.7, both valleys are qualitatively equal. The 
absolute maximum of the spectral ratio is 1.44 and 1.24 for the 
single slope and the two-slope valley respectively (X=200m). In 
this case, the difference is about 0.2 which is higher compared 
to the other two cases. To compare the results of these valleys, 
SR values at the top edge (X=200m), which is usually a critical 
point in studying topographic effects, are picked for all three 
cases and are provided in Table 3.  
 

 
Table 3- The error of modeling a two-slope valley with a single slope 

 ° °   |α − β|° ∆ (∆ )⁄× 100 

Case 

I 
30.96 15 1.24 1.32 15.96 0.08 6.45 

Case 

II 
30.96 45 1.27 1.31 14.04 0.04 3.15 

Case 

III 
30.96 60 1.44 1.24 29.04 0.2 13.89 

 
Note that  and  are the values of SR for the single 
slope and two-slope valley at the top edge (X=200m) 
respectively. ∆  is the differential spectral ratio between 
two cases at X=200m defined as: 
  ∆ = | − | 
 

Figure 4. Definition of spectral ratio (SR) 

Figure 3. Acceleration response spectra of  
the reference point (Saref) and a point of interest (Sap) 

Figure 5. Spectral response of a single slope  
and a two-slope valley  

Figure 6. Spectral response of a single slope  
and a two-slope valley 

Figure 7. Spectral response of a single 
slope and a two-slope valley 
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 It is worth noting that by assuming that the actual valley has 
two slopes, the error of calculating SR at the top edge of the 
valley modeled by a single slope will be equal to (∆ )⁄  
 
According to Table 3, by comparing values of ∆  with 
respect to |α − β|°, it can be said that the higher the difference 
between the first and second slope angles, the higher the 
differential SR (∆ ) would be. In other words, there is a 
direct relation between |α − β|° and ∆ . According to this 
study, if we model the two slope valley with a single slope 
valley, we should expect about 6.45%, 3.15% and 13.89% error 
in case I, II, III respectively. It is obvious that the more the 
difference between the first and second slope angles, the more 
the error would be. Under no circumstance is it recommended 
to ignore a 13.89% difference in SR, however, we might be able 
to neglect 3.15% depending on the project. Because the relation 
between the error and |α − β|° is direct, it can be said that if 
the difference between the first slope and second slope angle is 
less than 14°, the error would be below 3.15%. Therefore, it is 
not necessary to model a valley with multiple slopes as long as 
their slope differences is not bigger than 14° assuming that 
3.15% error is acceptable. 

 

5. CONCLUSION 

The main aim of this paper was to study the effects of modeling 
an unfilled two-slope valley with a single slope. To this end, 
different two-slope valleys are considered and modeled with a 
single slope. The following has been found: 
 

 The spectral ratio of a two-slope valley and a single 
slope valley are qualitatively similar, showing the 
same rises, falls, peaks and dips. 

 The spectral ratio of a two-slope valley could be 
higher or lower than the single slope valley, so it is 
not possible to assume that modeling a two-slope 
valley with a single slope always gives conservative 
results. 

 The difference between spectral ratios of a single 
slope and a two-slope valley is in direct relation with 
the difference of the first and second slope angle of 
the two-slope valley. 

 If the difference between the first and second slope 
angle is less than 14°, the error in calculating SR 
based on a single slope would be less than 3.15%. 
Therefore, depending on the importance of the project, 
it is possible to model multiple slopes with a single 
one. 
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