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Europaterminal





Technical data :

• Deepwater container terminal :
– Length 1200m

– Bottom level at -14,30m TAW

– Quay platform at + 9,0m TAW

• Constructed in the Scheldt river bank
• Concept :

– 46 caissons with a diameter of 29m

– Foundation level at -21m TAW

– Jet grout columns between the caissons

• Execution in dry conditions :
– Working platform on the Scheldt river bank

– Groundwaterlowering till -22,0 m TAW

– Excavation and filling with compacted sand



Cross section of the quay wall:



Base level caissons
-20,6 à -21,5m TAW
= just above the 
Zanden van Kruisschans











Groundwaterlowering:



Groundwaterlowering:

• Discharge wells every 20 à 25m 
on both sides of the caissons 
(= waterside and landside)

• Well screens underneath the 
Zanden van Kruisschans

• Combi well screens just above 
and in the Zanden van 
Kruisschans



Filling of the caissons:
- in dry conditions
- with systematic compaction
- controlled with CPT tests



History:

• Start construction : august 1987
• End of construction: may 1990
• Early 1990 : large settlements of quay platform due to 

sand flow through the joints between the caissons
• 1991 – 1992 : remediation by the installation of concrete 

plugs and stone cones between the caissons
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Remediation 1991 – 1992 :





History:

• Start construction : august 1987
• End of construction: may 1990
• Early 1990 : large settlements of quay platform due to 

sand flow through the joints between the caissons
• 1991 – 1992 : remediation by the installation of concrete 

plugs and stone cones between the caissons

• 1996 : new settlements of the quay platform behind the 
joints and inside the caissons
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Settlements behind the joints :
= probably due to sand transport through the joints
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Settlements behind the joints - Possible remediation 
® injections just behind the joints
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Settlements behind the joints - Possible remediation 
® lowering of the ground watertable behind the joints



Settlements behind the joints 
Performed examinations:

• Inclinometers = horizontal displacements
• Visual observations
• Pumping tests behind 2 caissons
• 3D FEM calculations



Horizontal displacement from inclinometer readings = ca 50mm
Rather important seasonal variations



Visual observations = movements of the caissons

Steel profiles over the joints

� permanent movements 
of the caissons

� movements are very 
irregular



Pumping tetss behind the joints C13 – C14 and C17 – C18
Discharge rate ~ 40m3/h
Lowering behind the caissons 4 à 5m 

� lowering of the groundwatertable is possible



3D FEM calculations ( by SBE and Technum) :

Conclusions:
- interface elements only for the
outside surface of the caisson

- calculated displacements are
comparable to the measured 
displacements

- the existing structure is stable
but with a too small factor of
safety 

- exact determination of the 
safety factor is not possible

- lowering of the groundwater   
level behind the caissons has   
an important effect on the  
overal stability



Settlements behind the joints – Remediation
Injections behind the joints :

Practical problem = presence of woelkamers
� casings have to be installed in the woelkamers

Considered execution methods :
- Cement injection through tubes à manchettes

= illimited quantities of cement have been injected
- Jet grouting

= too risky for overpressures underneath woelkamers
- Injections with mortar

= retained solution



CPT test +
Injections just 
behind all joints
= with mortar
= max. 1m3/m



History:

• Start construction : august 1987
• End of construction: may 1990
• Early 1990 : large settlements of quay platform due to 

sand flow through the joints between the caissons
• 1991 – 1992 : remediation by the installation of concrete 

plugs and stone cones between the caissons
• 1996 : new settlements of the quay platform behind the 

joints and inside the caissons

• 1999 : permanent lowering of the groundwaterlevel 
behind the caissons



Settlements behind the joints – remediation
Groundwaterlowering :

Groundwater has te be lowered below low tide level
® possibility has been checked by means of 

pumping tests

Considered execution methods
- discharge well with deep well pump behind evry 

joint
- installation of deep wells from a tunnel, and 

general lowering of the waterlevel within the 
tunnel 
= retained solution



Groundwaterlowering : Tunnel

By Smet – Boring:

- length 1205m, diameter 2,5m, 
- depth 18m below groundlevel
- CBC drilling method
- wells till 11m below tunnel 

bottom level
- wells installed through special

valves
- pumping system for 1000m3/h

Tunnel



Groundwaterlowering : Tunnel





Groundwaterlowering : Tunnel



Settlements behind the joints 
after lowering of the groundwater table :

- No important settlements behind the joints
� considerable improvement

- General settlement due to oxydation of the peat
ca. 10mm/year
= comparable to what is published in the Netherlands



Settlements due to oxydation of peat = extensometer readings
Period : 15/06/1998 - 25/12/2008
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Settlements within the caissons :

= Probably sand flowing underneath the toe of the caissons
® how ???

Examinations / measurements:
- CPT tests within the caissons
- CPT tests in front of the caissons
- Installation of extensometers
- Visual observations 
- Model tests in the laboratory
- Injection tests
- Bottom scan 



Settlements within the caissons – CPT tests



Settlements within the caissons : CPT tests
4 MPa 4 MPa



Settlements within the caissons – CPT tests



Settlements within the caissons :
CPT tests in front of the caissons = no anomalies



Installation of extensometers Afdeling Geotechniek
Settlements of ca. 10mm/year



Visual observations = Pokkenplan
Visualisation of all settlements and remediations

� settlements not
only at the waterfront
side
� settlements are
almost always on the 
same locations



Visual observations = execution of the tunnel  

Settlements up to 1m due to 
installation of the sheet piles 
for the starting pit of the 
horizontal boring

sheet pile walls



Groundwaterflow underneath cutting shoe :

Due to the tidal variation in the Scheldt river:
- risk of sand loss with the waterflow underneath the 

cutting shoe
- critical gradient just in front of the caissons ??

Controlled with :
- Seep 2D calculations
- model tests 



Groundwaterflow underneath cutting shoe :
Seep 2D calculations � no indication of critical gradient



Groundwaterflow underneath cutting shoe :
Model tests in the laboratory

KUL Labo Hydraulica :

Model with sand and clay

Variation of the waterlevel in
front of the caissons

4 piezometers 

Injection of coloured fluid
to illustrate the flow path



Groundwaterflow underneath cutting shoe :
Model tests in the laboratory



Groundwaterflow underneath cutting shoe :
Model tests in the laboratory

Tests with loose sand at the cutting 
shoe =

Uplift of the soil before the caissons
only when
- the waterlevel in the Scheldt is 

lowered
- the waterlevel behind the caissons is 

increased

� Critical gradient is not possible
under normal conditions



Injections within the caissons:

Compaction grouting with fluid mortar to :
- fill up the voids
- compact the loose sands

Execution method:
- injection pattern of 3m x 3m, based on preliminary tests
- drilling with double rod system
- mortar from concrete plant
- injection through the outer rods with concrete pump and in steps of 1m

First stage : injections at several locations

Second stage : entire caisson 19
- total injected volume 459,5m3 = layer with a thickness of ca. 70cm
- locally more than 3m3/m can be injected
- very irregular comsumption pattern



Injections 
within 
caisson 19:



Injections 
within 
caisson 19:



Injections 
within 
caisson 19:



Bottom scan : Location of discharge wells is clearly visible



Settlements within the caissons : 
Conclusions

Presence of large channels within or just above the Zanden van 
Kruisschans is demonstrated by the CPT tests and the injection 
tests. 
Channels:
® created by internal erosion around the pumping wells
® at the waterside and landside of the caissons
® very heterogeneous distribution of the channels
® erosion is probably still going on

Good correspondance between 3D FEM calculations and 
observations / measurements

Major risk = sudden horizontal displacement of a caisson



Zanden van Kruisschans 
= superposition of sand and clay layers
= internal erosion can occur rather easely, cfr. problems with    

the dewatering for the construction of the Delwaidedok

Pictures of the dewatering for the construction of the Delwaidedok



Composition of the discharge wells:

Cross section of discharge well just above and within the
Zanden van Kruisschans

almost no gravel 
pack in this area



Composition of the discharge wells:
Erosion could continue after dredging in front of the caissons



History:

• Start construction : august 1987
• End of construction: may 1990
• Early 1990 : large settlements of quay platform due to sand 

flow through the joints between the caissons
• 1991 – 1992 : remediation by the installation of concrete plugs 

and stone cones between the caissons
• 1996 : new settlements of the quay platform behind the joints 

and inside the caissons
• 1999 : permanent lowering of the groundwaterlevel behind the 

caissons

• 2007 – 2008 : remediation of the settlements within the 
caissons = compaction grouting within the caissons



Remediation of the settlements within the 
caissons : 

Different solutions have been considered:
- installation of a wall in front of the caissons 

� stone cones have to be removed, very complicated
- deepening of the caissons by means of jet-grouting
- compaction grouting within the caissons = retained solution

3D FEM calculations  by SBE:
® very complicated stress ditribution between the jetgrout 

columns and the caisson
® necessary safety can be obtained with compaction 

grouting



Compaction grouting within the caissons : 

Execution was possible immediately after the opening of 
the Deurganckdock

Execution in 3 stages of 6 months each:
- structural repair (= compaction grouting) : 4 months
- renovation of the quay platform + crain rails : 2 months



Compaction grouting within the caissons 
Specifications : 

- drilling with double rod system

- injection between -26 and +5m TAW
- steps of 1m
- injection is stopped when:

- injection pressure increases with 5 bar

- sudden drop of injection pressure

- grout is flowing to the working platform

- max. pressure of 30 bar is reached

- max. volume of 6 m3 per meter is reached

- the soil is lifted with 2 cm



Compaction grouting within the caissons 
Specifications : 

- injected mortar:
- cement 205 kg CEMI/42.5

- flyash 305 kg

- granulates 1230 kg sand for concrete

- water 410 l

- additives to be proposed by the contractor ( max. 200 cc)

- continuous registration of:
- depth

- injection pressure

- injected volume

- injection rate



Compaction grouting within the caissons 
Specifications : 

- control :
- 4 CPT tests before injections

- 4 CPT tests after injection

- montoring :
- piezometers in every caisson

- piezometers behind the joints

- inclinometer tubes



Compaction grouting within the caissons - Injection pattern : 



Compaction grouting within the caissons : 

Execution by Comb. Smet F&C / Fontec:

- injected caissons : 43
- drilling / injection equipments : 8
- injection points : 3366 (= 78 per caisson)
- total length boreholes : 117 804 m
- total injected volume : 19 395 m3



Compaction grouting within the caissons : 



Compaction grouting within the caissons : 

Caisson 26 :
Injected quantities



Compaction grouting within the caissons : 

Caisson 26 :
Injected quantities



Compaction grouting 
within the caissons : 

Caisson 25 :
CPT tests before and after 
compaction grouting



Compaction grouting within the caissons : 

Some execution problems :
- small details may have a major influence
- registration of parameters is not always successfull
- caisson 26 lifted with 12cm



Compaction grouting within the caissons :
Influence of pumping technology 

At the beginning: large difference of injected quantities 
between two contractors.

Probable explanation : injection rate related to the length of 
the stroke of the pump = injected volume with the first 
stroke of the pump
Injection rate determines :
- the creation of excessive pore water pressures
- the loss of water from the mortar to the soil



Compaction grouting within the caissons :
Influence of pumping technology 

Soil displacement is determined by :
- pressure
- pumping rate
- viscosity of the mortar = filtration

of water to the soil
- generation of pore pressures

Limited knowledge of what happens
in the soil = need for instrumentation

Outer
drilling
tube

Mortar



Compaction grouting within the caissons :
Registration of parameters

Registration of the injected volume seems to be very 
difficult:
- normally the number of strokes of the pump is registered

® cylinder is not always completely filled
- wireless transmission of data was very difficult
- fluid rate registration is very difficult and not always fiable

� Rather large differences between registered quantities 
and delivered quantities



Compaction grouting within the caissons :
Lifting of caisson 26 

- 23 times 6m3 have been injected
- caisson lifted with more than 10cm
- mortar has been found in front of the caisson

� mortar remains fluid, 
min. over an area with > 10m diam.

� uplift forces are transmitted from the soil to the caisson



Compaction grouting within the caissons :
Lifting of caisson 26 







Lessons learned :

• Large cavities can arise around discharge wells
• Gravel pack around discharge well is important
• Lowering of the groundwater is an adequate measure to 

avoid ground loss through joints
• Oxydation of peat = settlements of ca. 10mm/year
• Visual observations are an important tool to understand 

problems
• Registration of execution parameters is not always fiable
• Lifting of very large objects is possible



Conclusion :

• Details are very important in foundation engineering
= thickness gravel pack around discharge wells
= filling of discharge wells before dredging
= execution of compaction grouting

• Value of visual observations is underestimated

• Caisson structures have a very specific behavior
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