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Table F-1: Summary of selected descriptive statistics of the passage maxima database per location and train type. ICRmh+TRAXX: ICRmh Intercity passenger wagons and 
TRAXX engine; IC: InterCity; SPR: Sprinter; ICE: Intercity Express. Data: N-P-SM. 

Location  Cargo ICRmh+TRAXX ICE IC SPR 
Dorst mean(vtop,passage) [mm/s] 1.89 1.85 NA 1.28 2.02 
Oisterwijk  1.78 1.58 0.684 1.27 1.03 
Rijen  1.50 1.93 0.478 2.20 1.34 
Dorst mean(daily train passages) 27.8 15.3 NA 8.78 6.92 
Oisterwijk  40.1 51.4 1.5 6.18 25.7 
Rijen  40.7 26.8 1 34.9 3.08 
Dorst total number of train passages 5562 3036 0 1729 1364 
Oisterwijk  7302 9403 3 1019 4609 
Rijen  6960 4479 3 5904 360 

NA: not applicable. 
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Figure F-4: Daily vibration velocity maxima autocorrelation plots for each location-train type pair. 
The dashed orange lines indicate the endpoints of an approximate 95% confidence 
interval for a white noise process of the same sample size. ICRmh+TRAXX: ICRmh 
Intercity passenger wagons and TRAXX engine; IC: InterCity; SPR: Sprinter; ICE: 
Intercity Express. Data: N-P-SM. 
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Figure F-5: Daily vibration velocity maxima and corresponding train speed per location and train 
type, i.e. each data point represents the maximum daily value for a particular location 
and particular train type. ICRmh+TRAXX: ICRmh Intercity passenger wagons and 
TRAXX engine; IC: InterCity; SPR: Sprinter; ICE: Intercity Express. Data: N-P-SM. 
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Figure F-6: Passage vibration velocity maxima and corresponding train speed per location and 
train type, i.e. each data point represents the maximum daily value for a particular 
location and particular train type. ICRmh+TRAXX: ICRmh Intercity passenger wagons 
and TRAXX engine; IC: InterCity; SPR: Sprinter; ICE: Intercity Express. Data: N-P-SM. 
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F.3 The impact of exposure period on peak velocity 

In this section the impact of the vibration exposure period on the peak velocity is 
investigated. The N-P-SM database is large enough to investigate such an impact 
without too many modelling assumptions, i.e. let the data speak. For Dorst, 
Oisterwijk, and Rijen the total number of days with vibration measurements are 200, 
185, and 171, respectively. 
Assuming that there is no or little dependency between the daily maxima, the 
following approach is used: 

1. First the days with no measurement data (see for example Figure F-1) are 
removed and the days with measurements are treated as consecutive days.  

2. The measurement period is partitioned into equal length disjoint intervals 
(Figure F-7): block size (vibration exposure period). The intervals start from 
the left end of the total measurement period. 

3. The maximum of each block is calculated and they form a sample. 
Statistics of the samples are calculated: 

a. Mean of block maxima and the estimation of its sampling 
uncertainty, the standard error (se) of the mean is calculated using: 

 /se s n , where s is the sample standard deviation and n is the 

sample size. See Figure F-8 for the results. 
b. 1- thP  fractile ( top,th,blockv ) is calculated after fitting a generalized 

extreme value distribution (GEV) to the block maxima (Coles, 
2001). Maximum likelihood method is used for the distribution fitting 
and the confidence interval of the fractile is estimated using the 
delta method (Dorfman, 1938). See Figure F-10 for the results. 

 
Note that no long term trends were removed from the time series although there 
might be a seasonal trend present. 
 

 

Figure F-7: Illustration of the partitioning of the measurement period into equal length disjoint 
intervals. The maximum is taken from each block. 

 
The results presented in Figure F-8 show a clear increase mean peak velocity as 
the block size increase. The widening confidence interval is due to the decreasing 
sample size with increasing block size, i.e. smaller number of large blocks fit into 
the same measurement period. The jaggedness of the plots for larger block sizes is 
also caused by the small sample size (sampling variability). Moving from 1-day to 
50-day maxima we observe an abut 30-40% increase in mean top,blockv  that 

indicates a substantial effect of the vibration exposure period. Note that this 
analysis does not make any modelling assumptions besides that the block maxima 
are assumed to be independent. 
 
Since for threshold distances not the mean but the 1- thP  fractile ( thP =0.176) of 

top,blockv  is used, we also assessed how that changes with increasing the block size 

(vibration exposure period). The fractile can be estimated from sample only for 
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small block sizes when there is sufficient point to get an empirical estimate. In order 
to get an estimate for larger block sizes as well we fitted a GEV distribution to each 
block sample and calculated its 1- thP  fractile. The distribution fitting is done only 

when there are at least five data points in the sample. The results are summarized 
in Figure F-10. A similar trend can be observed as for the top,blockv  mean: the 

increase in top,th,blockv  is substantial as the block size (exposure period) is increasing. 

 

 

Figure F-8: The mean of block maxima for different block sizes (vibration exposure periods). The 
black line shows the estimated mean and the blue band shows an approximate 90% 
confidence interval. The lack of confidence intervals for some block sizes is due to the 
small sample size that does not allow for its estimation. Data: N-P-SM. 

 

 

Figure F-9: The normalized mean of block maxima for different block sizes (vibration exposure 
periods). All values are normalized using the mean of 7-day block maxima for each 
location. The black line shows the estimated mean and the blue band shows an 
approximate 90% confidence interval. The lack of confidence intervals for some block 
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sizes is due to the small sample size that does not allow for its estimation. Data: N-P-
SM. 

 

 

Figure F-10: 1- thP  fractile (vtop,th,block) for different block sizes (vibration exposure periods). ). All 
values are normalized using vtop,th,block of 7-day block maxima for each location. The 
black line shows the maximum likelihood point estimate and the blue band shows an 
approximate 90% confidence interval, both obtained from fitting a GEV distribution to 
the sample. We have shorter block sizes as in Figure F-8 as we fitted a GEV 
distribution if there were at least five data points. Data: N-P-SM. 

 

 

Figure F-11: Normalized 1- thP  fractile (vtop,th,block) for different block sizes (vibration exposure 
periods). The black line shows the maximum likelihood point estimate and the blue 
band shows an approximate 90% confidence interval, both obtained from fitting a GEV 
distribution to the sample. We have shorter block sizes as in Figure F-8 as we fitted a 
GEV distribution if there were at least five data points. Data: N-P-SM. 

 
If we assume independent block maxima a single distribution fitted to the a sample 
of block maxima can already give information about the influence of the vibration 
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exposure period. GEV distribution is fitted to the 1-day, 3-day, and 7-day block 
maxima and plotted in Figure F-12, Figure F-13, and Figure F-14, respectively. 
Maximum likelihood estimate is used for the parameter estimation and the 
confidence interval of the fractiles estimated using the delta method; moreover, the 
observations and the models are presented in the Gumbel space typically used for 
visualization in extreme value analysis (Coles, 2001; Rózsás, 2016). The results 
show a similar trend as observed in Figure F-8 and Figure F-10. 
Among the analysis presented in this section this ones relies the most on modelling 
assumptions Fitting a GEV to the logarithm of top,blockv  is results in very similar plots 

hence they are nor provided here. 
 

 

Figure F-12: Daily vibration maxima (circles) and fitted GEV distribution in Gumbel space. The 
black line indicates the maximum likelihood point estimate while the blue band 
corresponds to the 90% confidence interval (estimated using the delta 
method).Compare it with Figure F-13 and Figure F-14 Data: N-P-SM. 

 

 

Figure F-13: 3-day vibration maxima (circles) and fitted GEV distribution in Gumbel space. The 
black line indicates the maximum likelihood point estimate while the blue band 
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corresponds to the 90% confidence interval (estimated using the delta method). 
Compare it with Figure F-12 and Figure F-14. Data: N-P-SM. 

 

 

Figure F-14: 7-day vibration maxima (circles) and fitted GEV distribution in Gumbel space. The 
black line indicates the maximum likelihood point estimate while the blue band 
corresponds to the 90% confidence interval (estimated using the delta method). 
Compare it with Figure F-12 and Figure F-13. Data: N-P-SM. 

 

Table F-2: Summary statistics of the daily vibration velocity maxima for three locations. Data: N-P-
SM. 

[mm/s] if applicable Dorst Oisterwijk Rijen 
Number of days with measurements 200 185 171 
Mean of daily maxima  1.31 1.21 1.37 
Standard deviation of daily maxima  0.255 0.137 0.232 
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G Peak(top) velocity attenuation functions 

Some of the fitted models with their central values and uncertainty bands are 
presented in Figure G-1 and Figure G-2. The figures also show the measurement 
data used for the model fitting and indicate the goodness of the fit. The plots of the 
fitted models for all considered situations can be found in digital annex G. 
 



 

 

  | TNO report 2020 R 10620|    79 / 82

  

Figure G-1: Fitted 7-day peak(top) velocity attenuation curves and measurements for stiff soils. Solid black line: model mode; dashed black line: model mean; gray band: model 
90% confidence interval; dashed gray line: probability density of the model prediction at the threshold distance; black dashed lines: threshold peak(top) velocity (vth) 
and calculated threshold distance (Rth). Mind the inconsistency in the time duration of the attenuation model and the measured maxima which can distort the visual 
comparison. Data: N-M-SM. 
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Figure G-2: Fitted 7-day peak velocity attenuation curves and measurements for soft soils. Solid black line: model mode; dashed black line: model mean; gray band: model 90% 
confidence interval; dashed gray line: probability density of the model prediction at the threshold distance; black dashed lines: threshold peak(top) velocity (vth) and 
calculated threshold distance (Rth). Mind the inconsistency in the time duration of the attenuation model and the measured maxima which can distort the visual 
comparison. Data: N-M-SM. 
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Figure G-3: Fitted 7-day peak(top) velocity attenuation curves and measurements for all soils and all structures. Solid black line: model mode; dashed black line: model mean; gray 
band: model 90% confidence interval; dashed gray line: probability density of the model prediction at the threshold distance; black dashed lines: threshold peak(top) 
velocity (vth) and calculated threshold distance (Rth). Mind the inconsistency in the time duration of the attenuation model and the measured maxima which can distort 
the visual comparison. Data: N-M-SM. 

 


