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ANTI HEAVING OF A FOUNDATION PLATE WITH TITAN 103/51 

MICROPILES AT THE DUTCH RAILWAY LINE “BETUWELINE” 
 

Introduction 
New constructed roads and railway lines are often planned as tunnel or trough, 
if obstructions occur, e.g. rivers, or if the underground line has to be integrated 
into an existing railway station. 
 
If the trough or the tunnel construction encounters a high water level, the foundation plate has 
to be secured against heaving. Drilled and simultaneously grouted micropiles to prEN 14199 / 
DIN 4128 are proven ways to secure such uplifting forces. 
 
The advantages of such micropiles are: 
 
 - non-aggressive installation, without loosening and disturbing the soil 
 - shorter pile lengths due to an improved soil friction 
 - less settlement no need for post tensioning, high buckling strength 
 
Betuweline, KW 34, Under-tunnelling of the �de Gieseen� river   
 
Based on the example of the Betuweline, job KW 34, the under-tunnelling of the �de Giessen� 
river close to Hardixveld, at a depth of 20 m, I would like to explain the innovative applica-
tion of the TITAN micropiles. 
 
The Betuweline is a 230 km (150 miles) long new high speed connection double track  
Railway line connection the seaport of Rotterdam with the Ruhr area and the railway along 
the river Rhine. 
 
The Waardse Allianz� a JV passed the order for installation of the anti heaving piles on to the 
specialist contractor Neidhardt Grundbau GmbH from northern Germany. 
  
1700 nos. of TITAN 103/51 Micropiles 20 m (7ft) long were installed in 2 parts 2001 to 2002  
having a safe working load of 1500 kN (300 KIPS). The design loads for the permanent  TI-
TAN Micropiles were 900 kN (180 KIPS) on tension during the construction and when for the 
finished construction 1300 kN (260 KIPS) on compression and in some areas for tension of 
780 kN (156 KIPS). 
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FUGRO were the geotechnical consultants for this job. 
 

Pic.1 Installed micropiles TITAN 103/51 ready for foundation plate 

 

Excavation and Soil 
The width is 15 m (45ft) (space for a double track), approx. 1200 m (1400 yards) long and 
maximum 20 m (60ft) deep. The temporary sheet pile walls are braces at the top which was 
less expensive than tie-backs. 
The soil inside was dredged. The first foundation plate - cast underwater - as well as the fol-
lowing reinforced plate were both secured against heaving with passive tension piles. 
 
The job is at sea level. The groundwater appears right under the surface. The structure of soil 
is typical for the Western part of Holland. Backfilled sand, below �Veen� (moor) with bands 
of soft clay, only as of 16 m (52ft) to 34 m (112ft) there is sand which can carry loads and in 
which the sheet piles are penetrating as well. 
 
 
Load verification tests 
Close to the job a total of 6 TITAN 103/51 (4.1/2� diam.) micropiles each 34 m (110 ft) long 
were installed. A drill bit of 175 mm (7�) diam. was used. Through the Veen and clay a sup-
porting flushing of 25kg to 200 litres of water W/Z 0,8 at a pressure of 4 to 6 bars (65 to 100 
psi) was applied to stabilise the annulus. Through the following sand layers the grout mix was 
reduced to a W/Z of 1. 
After reaching the desired depth of 34 m (112ft) dynamic tremi grouting commenced with a 
W/C of 0,4. Grouting pressure reached 80 to 90 bars (1300 to 1400 psi). 
 
CEM 32,5 R was the type of cement being used. The flushing required 1300 kg (2800 lbs.) 
and final grouting took 800 kg (1750 lbs.) of cement per pile, which relates to 100 to 120 
kg/m or 70 to 80 lbs./ft. 
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On compression a geotechnical load limit of 2500 kN (550 KIPS) was reached and on tension 
a load of 1933 kN (420 KIPS). At 1933 kN (420 KIPS) a settlement of 50 mm was measured. 
 
The grouted body was flushed clear and lifted out of the ground. The holes were backfilled 
with Bentonite. The average diameter of the grout body was measured with 254 mm (10�). 
 
The grout bodies showed a typical section from inside to the outside: 
-flushing core area with neat cement, axial compressive strength exceeding 25 MPa 
-filtercake ring arch, differing concentrations of cement 
-area of the annulus, glued, toothed, good shear connection 

            Pic. 2 Grout body TITAN 103/51 

 

The excavated grout bodies were tested on micro cracks at the University of Munich. Up to a 
load of 1200 kN (540 Kips) all cracks were below 0,01 mm. No cracks in the longitudinal 
direction or curing cracks were observed. It was therefore confirmed that the simple corrosion 
protection with a 50 mm (2�) grout cover is sufficient for TITAN micropiles on tension. 
 
Furthermore the area of the couplings was investigated in the tension test. The play for alter-
nating loads on tension and compression was also below the 0,1 mm acc. to DIN 1045 for 
connections of reinforced steel bars. 
 
No load was transferred into the top layers of clay and �Veen�. 
 
For the sand layer the following skin friction limit was confirmed: 
 
qs = F / π * D * 1  F = 1992 kN (900 Kips) 
    D = 0,254 m (10�) typical diam. of body  

L = 10 m (11 yard) �bonded� length in the sand of grout body 
 
   = 1992 / π* 0,254 * 10 
 
qs = 250 kN / m² 
 
This skin friction limit is much better compared to figures mentioned in the DIN 1045 and 
DIN 4128. 
 
 

 157



Installation sequence 
 
14 TITAN 103/51 micro piles are installed per day, each 20 m long. This is achieved by 2 
teams each 3 men and 2 hydraulic drill rigs. The rigs are positioned on a bridge, 5 m above 
the water level. This bridge moves on a rail, being supported by the sheet pile walls. This 
rigid support enables precise drilling operations in comparison to a floating pontoon. This 
bridge is also used for tension testing, the sheet piles are used as reaction piles. A small exca-
vator, equipped with a hydraulic grab, handles the 3 m long bars with 130 kg (300 lbs.) each 
and positions it onto the rig. 
 

Important to mentioned within that installation sequence is a standpipe 219 mm diam. (9�), 23 
m long (25 yards) with a flushing collector welded to it�s top. 
This standpipe is pressed 2 m (2yards) into the soft ground. The TITAN Micro pile is inserted 
and drilled through that standpipe. The return flow of flushing is being pumped from the top 
collector and enables and excellent control over the drilling process. His return flushing is 
going into a de-sanding unit and the remains are collected in container, cladded with a PVC 
foil. 
 
This standpipe prevents an uncontrolled underwater spill and pollution of the water with the 
cement flushing. It also acts as directionally stabilizing guide for the free drill length water 
and air of 20 m (22 yards). 

 

Pic.3 Micropile installation TITAN 103/51 
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The illustration ....  visualizes the construction sequence. 
  Lowering and pressing in the standpipe 
  Drilling and grouting of the micro pile 

The new innovative fold-up connector is rotated anti-clockwise and being re-
moved from the left in place micropile.  
Cleaning the remaining pile part and lifting it out of the standpipe. Remove the 
fold-up connector and screw on a new drill bit 
Reusing it for the next micro pile installation 

 
 
Handling advantages with TITAN Micropiles 
 
For the installation of traditional micropile for such an anti-heaving operation in a cased hole 
2 problems have to be overcome: 
 
- positioning the pile head to it�s precise height 

normally the casing reaches above the water level. After inserting the solid bar into the 
casing, one can only let it drop and hope it will be in the correct position. 

 
- avoid grout at the pile head area 

When pulling the casing, the remaining grout within the casing falls onto the solid bar 
and covers the top area, where the pile head needs to be located. Removing the curing 
grout from the bar by divers is quite a lengthy operation. If not properly removed, the 
thickness of the foundation may be not sufficient. 

 
Both problems are solved with ease with the standpipe, the fold-up connector and the TITAN 
micro piles. 
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