


As input motion on the bedrock, time histories following as closely as possible the shape of the elastic 
response spectra of the national application document of Eurocode 8 [10] (version ENV-1998-1-1) for 
rock and zone 1 were taken. Zone 1 of the Swiss design code represents the largest part of the highly 
populated area in Switzerland. The selected time histories had to fulfil the following criteria: 

- Occurrence in similar tectonic conditions as Switzerland and 
- Covering the target response spectra (split into the period ranges of 0.02-0.2s and 0.2-4s). 

 
Table 1 contains the selected earthquakes. Figures 3 and 4 show the response spectra of the selected time 
histories in comparison to the target spectra. 
 

Table 1: Selected earthquakes as input motion  
Input Name Country Date Depth mb ML Ms Local 

intensity 
Epicentral 

distance 
PGA 
[m/s2] 

1 Etolia Greece 05/22/88 15 km 5 5 4.68 VI (MSK64) 21 km 0.527 
2 Montenegro Yugoslavia 05/24/79 5 km 5.7 6.2 6.34  21 km 0.543 
3 Lazio Abruzzo Italy 05/07/84 8 km 5.4 5.7 5.79 VII+ (MCS) 31 km 0.628 
4 Lazio Abruzzo Italy 05/11/84 12 km 4.7 4.5 4.27 VI (MCS) 5 km 0.932 
5 Umbro-

Marchigiana 
Italy 10/14/97 7 km 5.3 5.5 5.6 VIII (MCS) 23 km 0.670 

6 Umbro-
Marchigiana 

Italy 12/01/97 10 km  4.1   5 km 0.771 

7 Sicilia-Orientale Italy 12/13/90 5 km 5.3 5.2 5.2 VIII (MCS) 75 km 0.710 
8 Sicilia-Orientale Italy 12/13/90 5 km 5.3 5.2 5.2 VIII (MCS) 79 km 0.886 

 

Response Spectra - Input 0.02s < T < 0.2s
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Figure 3: Selected response spectra in comparison to the target spectra, period range 0.02-0.2s 

 



 
Table 3: Proposal for new soil classification of the investigated profiles 

Soil Class Description 
 

S TB [s] TC [s] TD  [s] 

Class BB Cemented gravel and sand and/or preloaded soils 
(including moraines) with a thickness above 30m  

0.8 0.15 0.5 2.0 

Class CC Normal consolidated and not cemented gravels and 
sands and/or preloaded moraines with a thickness 
above 30m  

0.9 0.2 0.7 2.0 

Class DD Normal consolidated fine sands and silts with a 
thickness above 30m or normal consolidated clays 
with a thickness above 30m, over soil deposits of 
class CC 

1.2 0.2 0.7 2.0 

Class EE Normal consolidated clays with a thickness above 
30m or surface layer of Soil Classes CC or DD 
with a thickness between 5 and 30m, over soil 
deposits of class A or BB 

1.6 0.2 0.5 2.0 

 

Spectra for Soil Classes BB, CC, DD, EE
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Figure 11: Spectra for proposed soil classes according to Table 1 

 
Verification 
To verify the appropriateness of the proposed classification and of the spectral values, the investigated 
profiles were first re-classified according to Table 3. The comparison of the calculated spectra with the 
proposed spectra for the respective classes is shown in Figures 12 to 15 below.  
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Figure 12: Proposed Soil Class "BB" 

 

Soil Class "CC"
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Figure 13: Proposed Soil Class "CC" 

 



Soil Class "DD"
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Figure 14: Proposed Soil Class "DD" 

 

Soil Class "EE"
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Figure 15: Proposed Soil Class "EE" 

 



Investigation of 2D effects 
The 2D-effect on three profiles (number 10, 14, 18) has been investigated and compared with the results 
of 1D calculations. These profiles have been selected due to their low valley shape ratio (defined as the 
ratio between the half valley width and the depth of soil deposits). 
 
For profile 10, no significant 2D effect resulted from the calculations. This could be explained because of 
the rather high valley shape ratio of 6.6 in comparison with the other two investigated profiles with shape 
ratios if 2.8 and 2.0. For the latter profiles, a significant 2D effect could be observed, leading to values 
1.5 times higher than those obtained with 1D calculations. 
 
In a recent study by Chavez-Garcia and Faccioli [15], an attempt is made to relate the decision to take 
into account 2D effects based on the soil class. The present study could not support nor deny this 
proposal, for more calculations would be necessary. 
 

DISCUSSION AND CONCLUSIONS 
 
It should be pointed out that EC 8 spectra are mostly based on strong motion recording analysis, which 
inherently contains “non 1-D” effects that are not considered in this paper. This could explain part of the 
seemingly overconservatism of the EC 8 spectra. 
 
Figures 6 to 9 show that today's definitions of soil classes with corresponding design spectra in the Swiss 
design code SIA 261 often lead to very conservative values in comparison with the actual spectra 
resulting from computations. In contrast, the definition of class D includes deep clay deposits, for which 
the calculated spectra show substantially higher values than those defined in the code. 
 
A new classification with corresponding spectra is therefore proposed in Table 3 and Figure 11, which is 
believed to better represent the actual conditions at Swiss sites. 
 
A comparison of the calculated spectra with the proposed spectra resulting from the new classification is 
shown in Figures 12 to 15. The new classification leads to a better agreement between calculated and 
proposed spectra. 
 
The investigation of 2D effects showed mainly the high influence of the valley shape ratio on the results. 
A factor of 1.5 in comparison to the results of 1D calculations could be taken into account, in simple 
cases where the valley shape ratio does not exceed a value of 4 or 5. It has to be pointed out that this 
value represents only a mean amplification value over the whole frequency range and can be 
underestimated or overestimated for certain frequency ranges. In cases with very low valley shape ratios, 
an explicit evaluation of 2D effects by means of explicit calculations is recommended. 
 
The above findings are exclusively based on numerical simulations. These simulations were carried out 
using carefully chosen published data as input or, where this input was not available, using well founded 
correlations to assess the geological/geotechnical characteristics of the profiles. Nevertheless, experience 
shows that one cannot rely on numerical simulations alone (nor on  measurements alone). Both extremes 
have to be used complementarily. For the present work, this should be done by checking published strong 
motion databases for measurements at sites corresponding to the geologic/geotechnical situation at the 
selected profiles. However, the soil profiles of most strong motion recording stations in the world are still 
badly constrained. The only extensive data base where the corresponding soil profiles are sufficiently 
well known seems to be the recent Japanese KNET data. A systematic comparison with the KNET data 
would therefore correspond to an independent verification of the presented findings by measurements. 



Such a verification is mandatory before any new soil classification is introduced in the Swiss building 
code. 
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