
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DelftCluster 
Railway transition zones and 
switches 
 
Factual report fieldtest monitoring 

 
 
 
 

 
© Deltares, 2009 
 
 
 
 

A.D. Hartman 
 
 

 





 

 
1001069-000-GEO-0003, Version 03, 26 November 2009, final 
 

 
 
 

i

Contents 

List of Tables i 

List of Figures ii 

1 Introduction 1 

2 Dimensions and location of the culvert and switch 3 
2.1 Specifications of the track 3 
2.2 Location of the culvert 3 
2.3 Dimensions of the culvert 3 

2.3.1 Remarks on as designed data 4 
2.4 Location of the switch 4 
2.5 Dimensions of the switch 4 

3 Cone Penetration Tests 5 
3.1 CPT at the culvert 5 
3.2 CPT at the Switch 5 

4 Vertical Seismic Profiling tests 7 

5 Visual inspection 9 

6 Ground penetrating radar 11 
6.1 Research properties, settings and reference data 11 
6.2 Research results 12 
 

Appendices 

A Drawings of the culvert 13 

B Drawing of the switch 14 

C Location of CPT’s and VSPT’s 15 

D CPT results 16 

E VSPT results 17 

F Ground penetrating radar report 23 
 
 
 
 
 



 

 
1001069-000-GEO-0003, Version 03, 26 November 2009, final 
 

 
 
 

i

List of Tables 

Table 2.1 Specifications of the track 3 
Table 2.2 Coordinates of the culvert 3 
Table 2.3 Indicative culvert dimensions as designed 4 
Table 2.4 Coordinates of the switch 4 
Table 2.5 Indicative switch dimensions 4 
Table 3.1 Penetration cone measuring limits 5 
Table 3.2 Coordinates of CPT tests at the culvert 5 
Table 3.3 Coordinates of CPT tests at the switch 5 
Table 5.1 Results visual inspection East side of culvert (Gouda) 9 
Table 5.2 Results visual inspection West side of culvert 9 
Table 6.1 Properties of GPR research 11 
Table 6.2 GPR settings 11 
Table 6.3 Reference data provided for GPR research 12 
 



 

 
1001069-000-GEO-0003, Version 03, 26 November 2009, final 
 

 
 
 

ii

List of Figures 

Figure 5.1 Ballast and approach slab depths as measured (both sides) 10 
Figure 5.2 Comparison original level of the approach to current level 10 
 



 

 
1001069-000-GEO-0003, Version 03, 26 November 2009, final 
 

 
DelftCluster Railway transition zones and switches 
 

1

1  Introduction 
 
For the Delft Cluster project ‘Railway transition zones and switches’, extensive field-testing 
has been carried out. At a location east of the railway station Gouda Goverwelle (GoGo) the 
behavior of a track and soil at a culvert and a switch are studied.  
 
This report is part of a series of reports describing all tests performed at the GoGo test site 
and their results. All reports are written in the same format and tests are named in similar 
fashion. The reports also describe the structure of a database that contains all data. This 
database is supplied digitally along with the reports. 
 
The complete series of reports consists of: 
 

A. Field survey. 
1001069-000-GEO-0004 Factual report field survey 

B. Short-term measurements May 2008. 
1001069-000-GEO-0003 Factual short-term measurement 2008 

C. Short-term measurements April/May 2009. 
1001069-010-GEO-0004 Factual report short-term measurements 2009 

D. Long-term measurements. 
1001069-000-GEO-0005 Factual report long-term measurements. 

 
This report (A) gives a complete overview of the field survey. The report starts with some 
information on the culvert and switch. Then, the following geotechnical test results are 
described: 
 

 CPT. 
 VSPT. 
 Visual inspection. 
 Ground Penetrating Radar. 
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2 Dimensions and location of the culvert and switch 
2.1 Specifications of the track 

The specifications of the track is the same for both the culvert and the switch. The following 
information is available. 
 

Construction part Type / dimensions 
Rail UIC 54 
Sleeper Wood 
Average sleeper distance 0,60 [m] 
Track type Ballasted 
Table 2.1 Specifications of the track 
 

2.2 Location of the culvert 
The location of the culvert is some 500 meters from the Railway station Gouda Goverwelle, 
on the Gouda – Utrecht line at 28.773 km. Table 2.2 shows the coordinates. 
 

Construction part X coordinate [rds] Y coordinate [rds] 
Culvert centre 111561 447517 
Table 2.2 Coordinates of the culvert 
 

2.3 Dimensions of the culvert 
The approach slabs on which this part of the project focuses are part of a culvert on the test 
site. The culvert was originally built in 1852. Parts of the abutments of the current culvert are 
still made up of original masonry from 1852, which has been repaired by injection techniques 
where necessary. The span between the two abutments has been made with the use of a 
concrete plate since 1949. Inspection in 1986 revealed that the abutments are closer together 
near the waterline compared to the top of the abutments. In 1994, the culvert was lengthened 
with the use of prefabricated concrete modular sections. During this renovation, the track from 
Woerden to Gouda was moved so that it no longer crosses the original section of the culvert 
from 1852. Drawings of this renovation are available but only in poor quality. The foundation 
consists of many different pile types. The original abutments are built on wooden piles. The 
newer sections of the culvert are built on a combination of steel tube piles and square 
prefabricated concrete piles. 
 
Four drawings of the culvert are added as Appendix A. Table 2.3 shows indicative 
dimensions. All dimensions are as-designed, there are no as-built drawings of the culvert. 
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Construction part Size [m] 

Culvert length 51.25 
Culvert width (span) 1.78 
Culvert height 2.83  relative to bottom culvert 
Water height in culvert 0.63  relative to bottom culvert 
Track level 3.35  relative to bottom culvert 
Approach slab length 4.0 
Approach slab thickness 0.4 
Approach slab width 1.2 
Space between approach slabs 0.2  
Approach slab angle 1:40 * 
Space under rail 0.2 

Table 2.3 Indicative culvert dimensions as designed 
* For approach slab angle in current state see section 5 

2.3.1 Remarks on as designed data 
According to the design drawings, the approach slabs are 1,2 m wide and placed right under 
the rails. Since the distance between the rails is 1,4 m, this suggests a space of 0,2 m 
between the two slabs. This has not been found while digging the holes described in Section 
5. It is likely that the plates are installed against each other. However, some radar 
measurements do not show a clear reflection of the slab. This might indicate that there is a 
split between the slabs despite the fact that it was not found during the visual inspection.  

2.4 Location of the switch 
Location X coordinate [rds] Y coordinate [rds] 
West limit 111720 447502 
East limit 111607 447517 

Table 2.4 Coordinates of the switch 

2.5 Dimensions of the switch 
The switch is a 1:34.5 high-speed switch and is known as switch 447. A design drawing of the 
switch is available in appendix B. Inspection in the field has shown that the drawing of the 
switch is quite accurate for the situation at the time of the measurements. 
 

Construction part Size [m] 
“Straight” section 37 
“Outgoing” section 74 

Table 2.5 Indicative switch dimensions 
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3 Cone Penetration Tests 
Next to the track seven CPT’s were carried out near the culvert and one in the track. At the 
switch two CPT’s are carried out in the track. The testing is in accordance with Dutch 
standard NEN 5140 klasse 2. The specifications of the penetration cone that is used are 
shown in Table 3.1  
 

Parameter Top limit of measurement range 
Cone tip resistance 50 MPa 
Skin friction 0.7 MPa 
Pore water pressure 1 MPa 
Cone inclination 350 mRad 

Table 3.1 Penetration cone measuring limits 

3.1 CPT at the culvert 
The coordinates of the CPT’s are shown in Table 3.2. CPT C-S15 is made in the track during 
one of the short term testing nights. S01 to S10 are located beside the track. A drawing of the 
CPT locations is given in Appendix C. The results are given in Appendix D 
 

CPT name Pore water pressure 
measured 

X-coordinate 
(rds) 

Y-coordinate 
(rds) 

Surface level 
(NAP) [m] 

S01 Yes 111555.86 447524.07 -0.51 
S04 Yes 111563.98 447522.81 -0.35 
S06 Yes 111572.78 447522.27 -0.63 
S07 Yes 111558.86 447523.39 -0.50 
S08 No  111566.64   447527.58   -1.29  
S09 No  111570.81   447527.39   -1.45  
S10 No  111560.13   447528.04   -1.39  
C-S15 No 111569.01 447518.43 -0.01 

Table 3.2 Coordinates of CPT tests at the culvert 

3.2 CPT at the Switch 
Both CPT’s are located in the track as shown on the drawing in appendix C. The results of the 
CPT tests are in appendix D. 
 

CPT name Pore water pressure 
measured 

X-coordinate 
(rds) 

Y-coordinate 
(rds) 

Surface level 
(NAP)[m] 

S-S13 No 111615.00 447510.09 -0.09 
S-S14 No 111682.11 447502.62 -0.18 

Table 3.3 Coordinates of CPT tests at the switch 
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4 Vertical Seismic Profiling tests 

CPT S-S13, S-S14 and C-S15 are made together with a VSPT. A seismic measurement is 
made every meter, starting at 2,7 m below surface level. The seismic waves are induced by 
giving a blow with a hammer on a sleeper, a rail and a steel rod inserted in the ground. Each 
material is stricken three times, making a total of 9 measurements per measurement level.  
From the nine measurements the best signal is selected for processing. 
 
The VSPT sensors are embedded in a CPT rod 1 m above the cone. There are four sensors 
in the rod, placed at 90 degree intervals. From the four channels, the best two are selected 
for processing. 
 
The location of the VSPT is given in Tables 3.2 - 3.3 and in appendix C. The VSPT results 
are added to this report as Appendix E. For convenience, the cone resistance is also plotted 
in the figures showing the VSPT results. 
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5 Visual inspection 

To the west and to the east of the culvert holes are dug in order to physically determine the 
height of the ballast and the position of the approach slab. Inspection took place in December 
2007 on the East side and in January 2008 on the West side of the culvert. 
 
Table 5.1 shows the results of the visual inspection on the East side of the culvert. One of the 
goals was to determine if there is a clear transition from the ballast to the underlying sand. 
Inspection revealed that there is a layer of mixed sand and ballast. The top of this mixed zone 
is given in the table, as is the top of the level where there is no more ballast in the sand. 
 
During the visual inspection on the West side of the culvert, results given in Table 5.2, the pits 
where dug out to the level either where the approach slab was found or where the sand layer 
ended. The column “top of clay” gives this level. 
 
The two locations at which the level of the slab is measured give an angle of the slab of 18.4° 
in its current state. 
 
Distance 
to edge 
culvert 

Bottom 
ballast 

Depth top 
approach 

slab 

Top level 
sand/ballast 

zone 

Top level 
sand 

Groundwater 
level 

[m] ref BS [m] ref BS [m] ref BS [m] ref BS [m] Ref BS [m] 
-1,2 1 1,4 1,1 1.2 - 
-3,6 1,1 Not present 1.2 2.4 2.4 

-4,8 
Boring 
unfinished      

 

Table 5.1 Results visual inspection East side of culvert (Gouda) 
 

Distance to 
edge culvert 

Bottom ballast Depth top 
approach slab 

Depth top of 
clay 

End boring 

[m] ref BS [m] ref BS [m] ref BS [m] ref BS [m] 
0,6 0,7 1,2 -  1,2 
2,5 1,3 1,55 -  1,3 
4,4 1,4  Not present 2,1 2,35 

Table 5.2 Results visual inspection West side of culvert 
Note: BS = level top of rail 



 

 
1001069-000-GEO-0003, Version 03, 26 November 2009, final 
 

 
DelftCluster Railway transition zones and switches 
 

10

Location of slab and ballast at culvert km 28.773
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Figure 5.1 Ballast and approach slab depths as measured (both sides) 
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Figure 5.2 Comparison original level of the approach to current level 
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6 Ground penetrating radar 

Geofox, see Appendix F, carried out the radar testing. Because this is in Dutch, an English 
summary of the report is given in this chapter. 

6.1 Research properties, settings and reference data 
The objective of the Ground Penetrating Radar (GPR) research is to determine the presence 
and location of the approach slabs. A secondary objective is to determine the thickness of the 
ballast. Given the large difference in material properties between ballast, concrete and 
foundation compared to the weak soil at the site, the GPR was expected to give clear results. 
 

Item Value [unit] 
Research date 18/19-12-2007 , 22/23-01-2008 
Researched track length 250 [m] 
Antenna frequency 400 , 900 [MHz] 
Radar type GSSI SIR3000 
Filtering Hi pass , low pass 
Measuring grid Parallel lines 
Type of radar vehicle Hand operated trolley 
Measurement speed 2-3 [km/h] 
Data storage Digital 
Number of profiles 20 

Table 6.1 Properties of GPR research 
 

Antenna frequency 400 [MHz] 900 [MHz] 
Measurement range 80 [ns] 40 [ns] 
Samples per scan 512 512 
Bits per scan 16 16 
Measurements per meter profile line 100 100 
High pass filter 295 [MHz] 295 [MHz] 
Low pass filter 1930 [MHz] 1930 [MHz] 

Table 6.2 GPR settings 
 
The profiles 13 14 138 and 145 are 400 MHz Measurements. 15, 133, 134, 135, 136, 137, 
139, 140, 141, 142, 143, 144, 146, 147, 148 and 149 are 900 MHz measurements. 
 
For the time/depth conversion, the following table was used as provided by Deltares, based 
on the findings from the visual inspection (chapter 5), and the width of the culvert of 2,4m. 
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Position (culvert centre) 

[m] 
Bottom ballast (BS) [m] Top approach slab (BS) 

[m] 
-4.8 1.1  
-2.4 1 1.4 
1.8 0.7 1.2 
3.7 1.3 1.55 
5.6 1.4  

Table 6.3 Reference data provided for GPR research 

6.2 Research results 
The radar profiles were visually inspected and, with the use of specialized software 
processed, filtered and translated to depth profiles. For the time/depth conversion of the 
measurements, the dielectrical value of the soil combined with data from the performed 
geotechnical research is estimated at 12. The reach in depth of the measurements is 
estimated at 3 m below surface level for the 400 MHz measurements, and 1.5 m below 
surface level for the 900 MHz measurements. The detailed profiles are added as appendix 
(bijlage) 2 in the Geofox report, which is Appendix F in this report. In the graphs, Z1 is the 
transition between ballast and embankment. Z2 is the transition between embankment and 
approach slab or culvert. 
 
Figure (figuur ) 1 in the Geofox report shows a radar profile for illustration purposes. The 400 
MHz profile clearly shows the transition between ballast and approach slab. The top of the 
culvert (bovenkant duiker) and the approach slabs (stootplaat) are also clearly visible. 
 
The measurements performed in between the rail and on the survey path along the track 
(140, 142 and 146) do not show a clear reflection of the approach slab. This is the same for 
measurement 148. The average thickness of the ballast is 40 cm with a clear increase of 
thickness on both sides of the culvert. 
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A Drawings of the culvert 
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B Drawing of the switch 
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C Location of CPT’s and VSPT’s 
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D CPT results 
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Plaatselijke wrijving: 0.7 MPa
Waterspanning: 1 MPa
Conushelling: 350 mRad
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*) Vrijgegeven door Vin op 2009-04-03 09:16
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BIJL.SONDERING S10 (Seismisch) CS10S

Elektrische sondering uitgevoerd volgens NEN5140 klasse 2
Conus nr. CKR10/1-021109s, voorzien van electrische opnemers voor
conusweerstand, plaatselijke wrijving en conushelling.

Geodetische bijzonderheden:
MV = NAP -1.39 m
X = 111560.13 m
Y = 447528.04 m

Meetbereiken:
Conusweerstand: 50 MPa
Plaatselijke wrijving: 0.7 MPa
Waterspanning: 1 MPa
Conushelling: 350 mRad
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*) Vrijgegeven door Vin op 2009-03-30 16:29
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Railway transition zones - Gouda Goverwelle
Delft cluster Project
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BIJL.SONDERING S13 (Seismisch) CS13S

Elektrische sondering uitgevoerd volgens NEN5140 klasse 2
Conus nr. CKR??/1-021109s, voorzien van electrische opnemers voor 
conusweerstand, plaatselijke wrijving en conushelling.

Geodetische bijzonderheden:
MV = NAP -0.09 m
X = 111615.00 m
Y = 447510.09 m

Meetbereiken:
Conusweerstand: 50 MPa
Plaatselijke wrijving: 0.7 MPa
Waterspanning: 1 MPa
Conushelling: 350 mRad

CONUSWEERSTAND (MPa)
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*) Vrijgegeven door Vin op 2009-06-08 10:41
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Railway transition zones - Gouda Goverwelle
Delft cluster Project
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BIJL.SONDERING S14 (Seismisch) CS14S

Elektrische sondering uitgevoerd volgens NEN5140 klasse 2
Conus nr. CKR??/1-021109s, voorzien van electrische opnemers voor 
conusweerstand, plaatselijke wrijving en conushelling.

Geodetische bijzonderheden:
MV = NAP -0.18 m
X = 111682.11 m
Y = 447502.62 m

Meetbereiken:
Conusweerstand: 50 MPa
Plaatselijke wrijving: 0.7 MPa
Waterspanning: 1 MPa
Conushelling: 350 mRad
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*) Vrijgegeven door Vin op 2009-06-08 10:41
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BIJL.SONDERING S15 (Seismisch) CS15S

Elektrische sondering uitgevoerd volgens NEN5140 klasse 2
Conus nr. CKR??/1-021109s, voorzien van electrische opnemers voor 
conusweerstand, plaatselijke wrijving en conushelling.

Geodetische bijzonderheden:
MV = NAP -0.01 m
X = 111569.01 m
Y = 447518.43 m

Meetbereiken:
Conusweerstand: 50 MPa
Plaatselijke wrijving: 0.7 MPa
Waterspanning: 1 MPa
Conushelling: 350 mRad
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*) Vrijgegeven door Ett op 2009-05-25 08:21
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Figure E.1 S08 shearwave VSPT results 
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Figure E.2 S09 shearwave VSPT results 
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Figure E.3 S10 shearwave VSPT results 
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Figure E.4 S-S13 shearwave VSPT results 
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Figure E.5 S-S14 VSPT results 
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Figure E.6 C-S15 VSPT results 
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F Ground penetrating radar report 

 
 
 


























































































