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The geotechnical background material and data is available within Femerns Geo 

Information System (/5/). 

 

For abbreviations and definitions not separately defined in the present appendix reference 

is made to Femerns Geo Nomenclature (/6/). 

 

During the laboratory testing programme the stress states applied have been defined by 

Rambøll Arup JV (RA). 

 

The geotechnical properties are elaborated in the succeeding sections. 

 

This appendix presents the overall derivation of laboratory data and field measurements 

as established by RA. This overall derivation may deviate from the evaluation of 

laboratory results as presented in /3/. In case of conflict between the two different 

documents, the RA interpretation precedes. 
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Table 2-2  Additional geotechnical classification properties for clays of Palaeogene origin 

at Lillebælt and Fehmarnsund 

 

Soil type  ds e Clay T CaCO3 gl 

Solifluction soil 

and Palaeogene 

Lillebælt clay at 

Lillebælt 

Arithmetic mean 
Standard dev. 
Number of tests 

2.69 
0.05 

10 

1.17 
0.20 

66 

72.6% 
10.3% 

20 

9.0% 
14.0% 

17 

4.1% 
0.2% 

5 

Palaeogene 

Røsnæs clay in 

Lillebælt 
 

Arithmetic mean 
Standard dev. 
Number of tests 

2.73 
 

1 

0.90 
0.04 

6 

77.0% 
 

1 

 

 

 

 

Floe of Palaeogene 

Røsnæs/Lillebælt 

clay at 

Fehmarnsund 

Arithmetic mean 
Standard dev. 
Number of tests 

2.78 
0.02 

9 

1.13 
0.14 

21 

69.3% 
11.1% 

11 

2.0% 
1.0% 

5 

4.1% 
 

1 

  

When comparing the geotechnical classification properties of the clays of Palaeogene 

origin at Lillebælt and Fehmarnsund with the geotechnical classification properties for 

clays of Palaeogene origin at Fehmarnbelt as described in Appendix GDR 00.1-001-D it 

appears that these properties generally are comparable and lies within the same ranges. 

An exception is the higher content of CaCO3 in the solifluction soil and in the uppermost 

part of the Palaeogene Lillebælt clay in Lillebælt. The high arithmetic mean value of the 

CaCO3 content in the solifluction soil and Palaeogene Lillebælt clay is mainly driven by 

two high values (52 % and 38 %) in the solifluction soil and uppermost part of the 

Lillebælt clay. Below these deposits the content of CaCO3 is less than or equal to 9 %. 
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6.9 Conclusions 
See Section 9.4. 
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7. SMALL STRAIN STIFFNESS AND DAMPING 

7.1 Introduction 
Not applicable. 

7.2 Small strain stiffness 
Not applicable. 

7.3 Damping ratios 
Not applicable. 

7.4 Conclusions 
Not applicable. 
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8. CYCLIC UNDRAINED SHEAR STRENGTH 

8.1 Introduction 
Not applicable. 

8.2 Cyclic undrained direct simple shear strength 
Not applicable. 

8.3 Conclusions 
Not applicable. 
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Fig. 9-2 Measured vane shear strength in 301-303 and 10.A.803 and on the basis of net cone resis-

tance the estimated vane shear strength in 10.B.801 and 10.B.802 versus elevation 
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The value of the cone factor Nkt relative to the vane shear strength cv equal to 9 has then 

been used on qnet from 10.B.802 to establish an estimate of the vane shear strength before 

placing pier 3. 

 

Finally, the measured vane shear strengths from borehole 10.A.803 have been compared 

with the artificially established vane shear strengths from borehole 10.B.802. 

 

A graphical presentation of the results appears from Fig 9-2.  

 

Approximate average values of the estimated vane shear strengths in borehole 10.B.802 

are 140 kPa at foundation level (-32.5 m) increasing to approximately 220 kPa at 10 m 

below foundation level (-42.5 m). 

 

The vane shear strengths measured below pier 3 in 10.A.803 is in average 390 kPa with 

no distinct tendency of depth variations. 

 

It may be discussed whether the estimated vane shear strength level of 140 to 220 kPa in 

borehole 10.B.802 represents a realistic level of the vane shear strength before placing 

pier 3, but using one (and the same) value of Nkt along the entire depth of borehole 

10.B.802 must imply that the shear strength increases with depth, which is not seen from 

the vane shear strengths in borehole 10.A.803. The constant value of the measured vane 

shear strength in 10.A.803 indicates that the shear strength below pier 3 has been driven 

by the load from pier 3, which can only be argued by a change in effective stresses. 

 

The smaller settlements of pier 1, represented in the "pre bridge situation" by 10.AB. 801, 

relative to pier 3, represented in the "pre bridge situation" by 10.AB.802, may be partly 

explained by larger shear strengths and larger stiffnesses of the soil below pier 1, cf Fig. 

9-2. 

9.4 Approach 3, summarising the advanced laboratory test 

results 
A series of oedometer tests have been performed in the boreholes 10.A.802 and 

10.A.803, cf. Table 9-2. It has been attempted to perform identical tests at the approxi-

mate same elevation in the two boreholes around pier 3. 

 
Table 9-2  Oedometer tests  

10.A.803 (below pier 3) 10.A.802 (outside pier 3) 
Level 
[m] 

Test 
type 

Comments 
and results 

Level 
[m] 

Test 
type 

Comments 
and results 

-33.2 O_Sw 
Load dry to 500 kPa, sa-

turate, no swell    

-33.3 O_Sw 
Load dry to 80 kPa, satu-

rate, swells to 269 kPa 
-35.2 O_Sw 

Load dry to 80 kPa, sa-

turate, no swell 

-41.5 O_Sw 
Load dry to 120 kPa, sa-

turate, swells to 190 kPa 
-46.7 O_Sw 

Load dry to 120 kPa, sa-

turate, swells to 136 kPa 

-41.5 O_CP 
Pre-consolidation stress 

found to 500-550 kPa 
-46.7 O_CP 

Pre-consolidation stress 

found to 300-350 kPa 
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Encl. F-11 

Fehmarnbelt Fixed Link

qnet from B-borings

Solifluction soil, Palaeogene Lillebælt Clay and Palaeogene Røsnæs Clay at Lillebælt
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Fehmernbelt Fixed Link.
The old Littlebelt Bridge
Geotechnical boring from inside the base of bridge pier 3

GEO project no 33132
Report 1, 2010-07-06

Summary
GEO has been asked to conduct a geotechnical boring from inside the base of bridge pier

3 of the old Little Belt bridge in connection to the investigations carried out for a Feh-

mernbelt Fixed Link.

The boring has been carried out from an elevation of approx. -28.6 DNN down through a

predrilled hole in the 3.85 m thick concrete base of the bridge pier. Railway Denmark has

been responsible for the predrilling of the concrete base.

This report shows the results of the borehole investigation and associated laboratory

testing.

The investigation shows 10 m of Little Belt Clay with varying carbonate content and wa-

ter content varying between 42 and 64 %. The unit weight is found to be 17.8 kN/m3,

and the vane shear strength are generally in between 365 og 449 kPa, with the excep-

tion of the two measurements at the top which only reaches 280 kPa.

The Little Belt Clay has not been penetrated further than 10 m below the bottom of the

bridge pier, corresponding to an elevation of approx. 38.6 DNN.
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1 Introduction

GEO has been asked to conduct a geotechnical boring from inside the base of bridge pier

3 of the old Little Belt bridge in connection to the investigations carried out for a Feh-

marnbelt Fixed Link.

2 Investigations

The investigation comprises borehole 10.A.803, located as shown on the site plan in Ap-

pendix 1.1.

The boring has been carried out through a predrilled hole through the base of the bridge

pier. Railway Denmark, who conducted the initial drilling works, has reported a thickness

of 3.78 m of the base slab. The floor elevation of the base slab is reported to -28.565

DNN (Dansk Normal Nul).

Drilling with electrical drilling equipment.

The boring has been carried out to a depth of 14 meters below the base slab. Soil layers

were registred, and disturbed and undisturbed samples have been taken. Undisturbed

samples were taken using both Danish B- and A-tubes. Field vane tests were carried out
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at the bottom of the borehole1. The disturbed samples, taken directly below A-tube sam-

ples, have been taken after carrying out the field vane test.

The A-tubes have been taken from the base of the borehole using a hydraulic jack in

custom made frame to force the tubes into the ground. The tubes have been sealed ac-

cording to the standard and transported under cooled condition. The tubes are currently

stored at 7C at GEO in Lyngby.

Left: A-tube forced into ground using a hydraulic jack. Right: retrieval of A-tubes

All samples extracted, apart from the A-tube samples, have been geologically described2

at GEOs laboratory in collaboration with John Kærgaard Frederiksen (JRF) from Rambøll.

The natural moisture content has been determined from all disturbed samples and undis-

turbed samples extracted from B-tubes3. Additionally, the unit weight of selected B-tube

samples has been determined.

Atterberg limits (Liquid limit and plastic limit) have been determined from 6 selected

samples in order to derive the plasticity index4, IP.

1 Dansk Geoteknisk Forening, Referenceblad for vingeforsøg (1999).

2 Danish Geotechnical Society, Bulletin 1: A guide to engineering geological soil description” (1995).

3 EN ISO 17892
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Another 12 samples have been used to determine the carbonate content by rapid titra-

tion method 5.

The borehole logs with all observations and measurements are shown in enclosure 1.2.

Legend and Abbreviations are shown in the enclosed GEO-Standard.

3 selected samples have been delivered to Erik Thomsen at the University of Aarhus for

coccolith analysis. The results are shown in appendix 1.B (in Danish). Ole Bjørslev Niel-

sen, University of Aarhus, has furthermore studied a concretion from sample 16A under

a microscope. The outcome of this study is shown in Appendix 1.C (in Danish).

The remaining sample material is stored 14 days from the date of reporting.

In agreement with Banedanmark the borehole has been refilled with filter sand, com-

pacted in layers until about ½ m below floor level. Banedanmark will arrange for the top

of the borehole to be sealed with concrete.

3 Results

3.1 Observations during the drilling works

On arrival at the site, roughly 5 cm of water was observed to cover the floor. The pre-

drilled hole through the concrete slab was also filled with water.

In connection to the dewatering of the borehole, the top approx. 0.45 m of the borehole

was found to be consisting of reinforced concrete of good quality (the bottom of the cais-

son), while the remainder of the concrete was of inferior quality (concrete cast in the

working chamber of the bridge pier). A small amount of water was observed to run into

the borehole from the surrounding concrete, possibly from the transition between the

two types of concrete.

The top part of the clay appeared softened. This may explain the relatively high water

content and relatively low vane shear strengths in the top of the boring.

Water seepage to the borehole from the clay has not been observed during the drilling

works.

4 EN ISO 17892-12, Casagrande method.

5 BS 1377-3:1990.
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Photo showing the top approx. 0.45 m of concrete of good quality.

3.2 Ground conditions

Very high plasticty clay of palaeogene age has been found in the boring. The coccolith

analysis suggests that the clay originates from the Little Belt Clay formation. There has

been no sign of glacial disturbance of the clay.

Carbonate content

The carbonate content of the samples varies a great deal. The carbonate content is gen-

erally found to decrease with increasing depth towards the bottom of the boring. The

samples are generally slightly calcareous and non calcareous at the bottom of the boring.

A few samples are described as calcareous – the top sample is very calcareous.
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Specimen

no.

Carbonate

content

(%)

1 51.7

2 8.9

4 9.0

7 4.7

10 1.6

12 8.5

15 4.8

18 3.1

21 6.5

24 1.3

27 1.2

28 1.9

Table 1. List of carbonate contents

Colour

The colour varies to some extend according to the carbonate content. All samples, with

one exception, have shades of dark grey, but the top sample of high carbonate content is

grey in colour.

Water content

The water content of the samples is found to vary between 42 % and 64 %.

Unit weight

3 B-tube samples have been used to determine the unit weight. In all 3 cases the unit

weight was found to be approximately 17.8 kN/m3.

Field vane shear strength

The vane shear strength generally varies between 365 and 449 kPa. With exception og

the top two measurements which only reaches 280 kPa.

Structure

The samples are generally fissured – several to such an extend that the samples appear

blocky.

Concretions

Concretions have been found in several samples. According to the University of Aarhus,

who has had the opportunity to study concretions from sample 16A, the concretions are

made of calcite, refer to the statement made in appendix 1.C. In connection to this it

should be mentioned that a B-tube (sample no. 17) has been destroyed during driving,

possibly as a result of hitting such a concretion.
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Method :

Location plan :

Profile

Job :

Ing. geolog : Drilled by : Date : Synonym : Boring :

Executed by : Checked by : Approved by : Date : Encl. No.: P. 2 / 2
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Cfv

Cfv

Cvr

Cvr

10.A.803GEO ABA/JGC 2010-04-27NIO/JRF

1.1GSJ NIO PBF 2010-06-24

33132 Lillebælt

CLAY, very high plasticity, slickensided,
calcareous, lillebælt clay formation, dark
grey

Ma Eo

CLAY, very high plasticity, slickensided, slightly
calcareous, lillebælt clay formation dark grey

Ma Eo

CLAY, very high plasticity, slickensided with
concretion (limestone), slightly calcareous,
lillebælt clay formation, dark grey

Ma Eo

CLAY, very high plasticity, slickensided, non
calcareous, lillebælt clay formation, dark
grey (tube chrushed)

Ma Eo

CLAY, very high plasticity, slickensided, non
calcareous, lillebælt clay formation, dark
grey

Ma Eo

CLAY - " - Ma Eo

CLAY, very high plasticity, slickensided,
calcareous, lillebælt clay formation, dark
grey

Ma Eo

CLAY, very high plasticity, slickensided, slightly
calcareous, lillebælt clay formation, dark
grey

Ma Eo

CLAY, very high plasticity, slickensided, non
calcareous, with calcareous concretion,
lillebælt clay formation, dark grey, grey

Ma Eo

CLAY, very high plasticity, slickensided, non
calcareous, lillebælt clay formation, dark
grey

Ma Eo

CLAY, very high plasticity, slickenslided, non
calcareous, lillebælt clay formation, dark
grey

Ma Eo

CLAY - " - Ma Eo

CLAY - " - Ma Eo

Remark, large tube (3, 11, 14, 19 and 25) has not
been geological described
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LIQUID LIMIT

Test no. 1 2 3 4

Water content (%) 98,0 94,3 92,3 87,8

Number of blows 17 21 28 40

PLASTIC LIMIT

Test no. 1 2

Water content w % 35,7 36,7

Test results

Location 10.A.803 Sample no. 1

Water content before w % 50,7

Liquid limit wL % 93,2

Plastic limit wp % 36,2

Plasticity Index Ip % 57,0

Job: 33132 Lillebælt

Prepared: GSJ Subject: Plasticity Index

Controlled: GRP Date : 2010-06-03

Approved : NIO Date : 2010-06-03 Report: 1 Encl. no.: 1.2

Date : 2010-05-29
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LIQUID LIMIT

Test no. 1 2 3 4

Water content (%) 159,5 154,9 149,3 142,5

Number of blows 19 23 31 37

PLASTIC LIMIT

Test no. 1 2

Water content w % 40,1 42,2

Test results

Location 10.A.803 Sample no. 4

Water content before w % 51,8

Liquid limit wL % 153,1

Plastic limit wp % 41,1

Plasticity Index Ip % 112,0

Job: 33132 Lillebælt

Prepared: GSJ Subject: Plasticity Index

Controlled: GRP Date : 2010-06-03

Approved : NIO Date : 2010-06-04 Report: 1 Encl. no.: 1.3

Date : 2010-05-31
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LIQUID LIMIT

Test no. 1 2 3 4

Water content (%) 163,2 152,0 142,4 138,7

Number of blows 17 24 34 40

PLASTIC LIMIT

Test no. 1 2

Water content w % 43,9 44,2

Test results

Location 10.A.803 Sample no. 7

Water content before w % 61,9

Liquid limit wL % 151,6

Plastic limit wp % 44,1

Plasticity Index Ip % 107,5

Job: 33132 Lillebælt

Prepared: GSJ Subject: Plasticity Index

Controlled: GRP Date : 2010-06-03

Approved : NIO Date : 2010-06-04 Report: 1 Encl. no.: 1.4

Date : 2010-06-01
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LIQUID LIMIT

Test no. 1 2 3 4

Water content (%) 186,4 169,7 157,8 152,5

Number of blows 15 23 31 37

PLASTIC LIMIT

Test no. 1 2

Water content w % 42,7 42,3

Test results

Location 10.A.803 Sample no. 15

Water content before w % 45,7

Liquid limit wL % 166,7

Plastic limit wp % 42,5

Plasticity Index Ip % 124,3

Job: 33132 Lillebælt

Prepared: GSJ Subject: Plasticity Index

Controlled: GRP Date : 2010-06-03

Approved : NIO Date : 2010-06-04 Report: 1 Encl. no.: 1.5

Date : 2010-06-01
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LIQUID LIMIT

Test no. 1 2 3 4

Water content (%) 169,4 153,6 143,8 134,6

Number of blows 11 18 25 34

PLASTIC LIMIT

Test no. 1 2

Water content w % 39,2 40,3

Test results

Location 10.A.803 Sample no. 21

Water content before w % 44,8

Liquid limit wL % 143,9

Plastic limit wp % 39,7

Plasticity Index Ip % 104,1

Job: 33132 Lillebælt

Prepared: GSJ Subject: Plasticity Index

Controlled: GRP Date : 2010-06-03

Approved : NIO Date : 2010-06-04 Report: 1 Encl. no.: 1.6

Date : 2010-06-01
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LIQUID LIMIT

Test no. 1 2 3 4

Water content (%) 192,4 164,7 149,1 144,8

Number of blows 18 25 30 35

PLASTIC LIMIT

Test no. 1 2

Water content w % 40,2 40,9

Test results

Location 10.A.803 Sample no. 27

Water content before w % 43,2

Liquid limit wL % 166,3

Plastic limit wp % 40,6

Plasticity Index Ip % 125,7

Job: 33132 Lillebælt

Prepared: GSJ Subject: Plasticity Index

Controlled: GRP Date : 2010-06-03

Approved : NIO Date : 2010-06-04 Report: 1 Encl. no.: 1.7

Date : 2010-06-02
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GEO KSS-dokument GP-K-22-01-06. Signaturer og forkortelser
Dokumentansvarlig: KMA-Funktionen. Udarbejdet af: PEH. Godkendt: KSI. Dato: 2007-11-01

KMA\GEO - Vejledninger og standarder. PEH Side 1 / 2, VEND

GEO-Standard: Signaturer og forkortelser

Geotekniske og miljøtekniske boringer

Situationsplan Prøver Jordarter

Boring

Boring med
Prøvetagning

Vingeforsøg

Boring med
prøvetagning/
vingeforsøg

Gravning med
prøvetagning/
vingeforsøg

Filterboring

Dreje-
sondering

Ramme-
sondering

Tryksonde-
ring (CPT)

Belastnings-
forsøg

Geoelektrisk
punktprofil

Liniemod-
standsmåling

Lille pose
eller glas

Stor pose

Rørprøve

Udtag fra
SPT sonde

Kerneprøve

Fyld

Muld

Tørv

Tørvedynd

Gytje (dynd)

Organiskholdig

Skaller

Moræneler
(sandet, gruset)

Sten

Grus

Sand

Silt

Ler

Kalk

Klippe/Beton

Morænesand
(leret, gruset)

Note: I morænejordarter må der forventes
varierende indhold af sten og blokke

Forsøg Filtersætning
w
wL

wP

IP

Ik

e
emax

emin

ID

ρ
ρ s

gl
ka
PID

Vandindhold
Flydegrænse
Plasticitetsgrænse
Plasticitetsindeks
Kvældindeks
Poretal
Poretal i løseste
standardlejring
Poretal i fasteste
standardlejring
Tæthedsindeks
(relativ lejrings-
tæthed)

Rumvægt
Kornrumvægt
Glødetab
Kalkindhold
Photoionisations-
detektormåling

cv

cvr

N

qc

fs
u
R
S
K
T
SP
MP
A

Forskydningsstyrke
målt ved vingeforsøg
Forskydningsstyrke
målt ved vingeforsøg (omrørt)
Standard penetrationsmodstand
(SPT)
Spidsmodstand (CPT
Kappemodstand (CPT)
Poretryk (CPT)
Drejesonderingsmodstand, WST
Sigte- og slemmeanalyse #
Konsolideringsforsøg #
Tryk- eller triaxialforsøg #
Standard Proctor forsøg #
Modificeret Proctor forsøg #
Kemisk specialanalyse #

#: Se resultat i rapport
eller på separat bilag

Topkote

Beton

Tilbagefyldt
jord

Blindrør
Lavpermeabel
pakning

Filtersand

Filterrør

Note: Vingeforsøg er udført og tolket i henhold til Dansk
Geoteknisk Forenings, Referenceblad for vingeforsøg, revisi-
on 3, august 1999. Omsætningstabellerne er ved tolkningen
tilnærmet med en ret linie gennem 0-punktet og punktet,
der svarer til 2/3 ∙ Pmax.

2
8
.4



GEO KSS-dokument GP-K-22-01-06. Signaturer og forkortelser
Dokumentansvarlig: KMA-Funktionen. Udarbejdet af: PEH. Godkendt: KSI. Dato: 2007-11-01

KMA\GEO - Vejledninger og standarder. PEH Side 2 / 2, VEND

GEO-Standard: Signaturer og forkortelser

Geotekniske og miljøtekniske boringer

Dannelsesmiljø Geologisk alder Henvisninger

Br
Fe
Fl
Fy
Gl
Ma
Ne
Ov
Sk
Sm
Vi
Vu
Gr

Brakvandsaflejring
Ferskvandsaflejring
Flydejord
Fyld
Gletsjeraflejring
Marin aflejring
Nedskylsaflejring
Overjord
Skredjord
Smeltevandsaflejring
Vindaflejring
Vulkansk bjergart
Grundfjeld

Re
Pg
Sg
Gc
Ig
Is
Te
Mi
Ol
Eo
Pl
Sl
Da
Kr
Ju
Pk

Generelt

Recent
Postglacial
Senglacial
Glacial
Interglacial
Interstadial
Tertiær
Miocæn
Oligocæn
Eocæn
Palæocæn
Selandien
Danien
Kridt
Jura
Prækambrium

* Se rapport

Dansk Standard:
”Norm for fundering”
(DS415)

Dansk Geoteknisk Forening:
”Vejledning i ingeniørgeologisk
prøvebeskrivelse”
(1995)

Dansk Geoteknisk Forening:
”Markundersøgelsesesmetoder”
(1990)



Appendiks 1.A

Siteplan
Prepared by

Banedanmark

Projekt nr. 33132. Fehmernbelt Fixed Link. The old Lillebelt Bridge





Appendiks 1.B

Coccolit datings
prepared by

Aarhus University

Projekt nr. 33132. Fehmernbelt Fixed Link. The old Lillebelt Bridge







Appendiks 1.C

Microscoping
prepared by

Aarhus University

Projekt nr. 33132. Fehmernbelt Fixed Link. The old Lillebelt Bridge





 

Encl. F - 13  
Geotechnical l ocationplan and longitudinal profile along the old Lillebælt bridge  

Ostenfeld and Jønson  
Geoteknisk Institut  

1963 -1964  

 






























