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1 INTRODUCTION 
 
Building on soft ground is considered a high risk due 
to its low shear strength and high compressibil-
ity. The construction of high embankments on soft 
ground e.g. faces several challenges, such as potential 
bearing capacity failure, global slope instability, local 
failure, large total and/or differential settlements, and 
large lateral movement during both construction and 
post-construction periods.  

To construct embankments safely over soft soils, a 
staged construction process has to be planned in such 
a way that excess pore water pressure resulting from 
the embankment fill can dissipate safely over the con-
struction phases, so that consolidation of the soft sub-
surface can gradually increase. Geogrid basal rein-
forcement layers allow larger loads to be applied 
compared to unreinforced solutions, without exceed-
ing the shear strength of the subgrade. This reduces 
overall construction time and costs. 

In case that time for consolidation is limited, basal 
geosynthetic reinforcement can be combined with 
rigid inclusions, like e.g. or stone columns or 
piles. The piles are installed through the soft subsoil 
and transfer the embankment load to a more compe-
tent stratum at greater depth. By using a piled em-
bankment, the construction can be undertaken in a 
single stage without having to wait for the soil to con-
solidate. Geogrid reinforced aggregate layers over the 
piles help transferring the load from the embankment 
to the columns by an enhanced arching effect in the 

embankment fill. Basal reinforcement can be used to 
permit the spacing of the piles to be increased and the 
size of the pile caps to be reduced. In addition, the 
reinforcement may be used to counteract the horizon-
tal thrust of the embankment fill. 

In this paper three infrastructure projects will be 
presented, where laid and welded geogrids have been 
used as basal reinforcement to be able to offer cost-
effective solutions. Design and construction related 
details will be described for a road, railway and har-
bour facility project. 

 
 

2 ROAD PROJECT 

2.1  Relocation of Wilhelmsburger Reichsstraße in 
Hamburg, Germany 

The Wilhelmsburger Reichsstrasse in Hamburg is 
well known to many people from the traffic news on 
the radio. Around 55,000 vehicles use this important 
north-south connection every day, 10 % of them be-
ing heavy goods vehicles. Every accident leads to ki-
lometre-long traffic jams. Conditions for both resi-
dents and traffic were in urgent need of improvement. 
In addition, the road transects the district of Wil-
helmsburg, impacting heavily on the urban develop-
ment.  

The Hanseatic city therefore decided to relocate the 
road and to combine it in a traffic artery with the rail-
way line some distance away. Construction began in 
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2013. After completion in 2019, the predicted traffic 
volume is 67,000 vehicles per day. 

2.2 Ground condition 

In the area of the future alignment of the relocated 
Wilhelmsburger Reichsstraße the subgrade does not 
provide the desired bearing capacity. Soil investiga-
tions have encountered up to 3 m soft clay layers in 
the area of an approach ramp leading towards a con-
crete bridge. In order to ensure sufficient load-carry-
ing capacity for the superstructure and the traffic 
loads, a geogrid reinforced load transfer platform 
(LTP) over piles was proposed to ensure that the ver-
tical embankment loads are transferred onto the pile 
caps as a result of an arching effect which can be as-
sumed in the geogrid reinforced aggregate layer 
above the pile caps. Differential settlements between 
the stiff piles and the in-situ soft soil will efficiently 
be reduced by this system. 

 

 
Figure 1. Typical cross section of geogrid reinforced load-trans-
fer platform over piles 

2.3 Design of foundation system 

The design of the geogrid reinforced load transfer 
platform (LTP) is carried out in accordance with the 
German design recommendation (EBGEO 2010).  

The design approach considers load redistribution 
in such a way that the main loads are transferred to-
wards the stiff piles as a result of an arching effects 
taking place within the reinforced aggregate layer. A 
so-called load redistribution factor determines the 
proportion of total vertical stresses transferred di-
rectly towards the piles and the remainder of the load 
is transmitted towards the soft soil between the piles.  

The latter is transferred to idealized membrane 
strips represented by the geogrid reinforcement span-
ning the piles. In the event that the subsoil has a con-
tributory effect, this is taken into account via the bed-
ding modulus. However, since this is only recognized 
locally under the membrane strips, practically a large 
proportion of the bedding effect of the subsoil is ne-
glected. 

As soil improvement method so called Controlled 
Modulus Columns (CMC) were used. CMC rigid in-
clusions are a ground improvement solution com-
prised of grouted inclusions which act to reinforce a 
soil mass for the purpose of settlement control and in-
creased bearing capacity. 

 
Figure 2. Installed CMC columns in area of future bridge ap-
proach ramp 

2.4 Construction 

The CMC columns were installed at square spacings 
of 1.5 x 1.5 m. The column itself has a diameter of 
0.32 m. Directly over the pile cap a 0.1 m thin sand 
levelling layer was installed as formation for the first 
geogrid to be installed. Using the German design rec-
ommendation (EBGEO 2010) approach a high 
strength laid and welded geogrid with an ultimate ten-
sile strength of 1200 kN/m was required in longitudi-
nal and transverse direction. A layer of sand having a 
thickness of 0.3 m was installed between the two ge-
ogrids. Both sides of the embankment are constructed 
as vertical reinforced earth structures with heights up 
to 4.9 m. 

 

 
Figure 3. Installation of high strength laid and welded geogrids 
over controlled modulus columns (CMS) 

 
3 RAILWAY PROJECT 

3.1 Rehabilitation of railway line Rostock-Berlin, 
Germany 

The railway line Rostock-Berlin is an electrified, bal-
lasted double-track, which is operated by the German 
company DB Netz AG. The track was originally de-
signed for maximum speeds of up to 120 km/h and 
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axle loads of 22.5 tons. In 2012 rehabilitation of the 
track for a maximum speed of 160 km/h and axle 
loads of 25 tonnes was planned, where freight trains 
will reach a maximum speed of 100 km/h. The 11 km 
long section between the city of Nassenheide and Lö-
wenberg crosses a total of four peat areas, with some 
of them showing over 10 m thick soft layers in the 
subgrade. All 4 areas have a length of around 1000 m 
in total. The railway line is designed as embankment, 
with the largest heights being around 10 m (Tost 
2015).  

3.2 Ground conditions 

Already the name of the location Nassenheide (wet 
moorland) points to the topographical situation as 
well as to difficult ground conditions. Characteristic 
of the route section are insufficient drainage capabil-
ities as well as the occurrence of low-bearing, soft soil 
layers. The groundwater is almost at surface level.  

The subsoil conditions in the peat areas are charac-
terised by decomposed peat and organic silt in com-
bination with high groundwater levels. These soft lay-
ers provide low elastic stiffness and very low shear 
strength values. The soft peat is underlain by stiff 
Pleistocene sands. 

3.3 Design of rail embankment foundation system 

Due to the prevailing subsoil conditions, neither con-
ventional nor special earthwork methods such as 
mixed in place or vibro-stone columns were applica-
ble to achieve the required stability for the planned 
railway embankment. Therefore, a pile supported em-
bankment using precast concrete piles in combination 
with a geogrid reinforced LTP was designed (see Fig-
ure 4). The design was carried out in accordance with 
Section 9 of the German design recommendation 
(EBGEO 2010) for the Ultimate Limit State (ULS). 
Additional Finite Element calculations were carried 
out to analyse the Serviceability Limit State (SLS). 
 

 
Figure 4. Typical cross section of geogrid reinforced load-trans-
fer platform over piles 

 
Precast concrete piles with square pile spacings be-
tween 1.8 m (peat area 1) and 2 m (peat area 2 & 3) 
were used as support system for the railway embank-
ment (Psiorz et al. 2009). To increase the surface of 
the pile, as support for the first geogrid layer, the 

square dimension (0.25 x 0.25 m) was increased by a 
0.6 m diameter concrete pile cap. The advantage of 
using precast concrete piles was on the one hand the 
fact that the system was covered by standards and reg-
ulations according to the conditions on site and sec-
ondly was this method insusceptible from the instal-
lation perspective given the fact that piling works had 
to proceed during winter time. 

3.4 Construction 

Piling works began in October 2012 in peat area 1. 
Almost at the same time, installation of concrete piles 
in area 2 and 3 began. A total of approximately 7,000 
piles with pile lengths up to 21 m and a total of 76,300 
linear meters was installed in a time frame of only 
three months (Fig. 5). 
 

 
Figure 5. Piling works at peat area 3 during winter period 

 
In order to cope with this extent in the given period, 
up to six piling rigs were used simultaneously associ-
ated with a correspondingly high level of logistics and 
coordination. An essential advantage of using precast 
piles in this project was the extremely low demand of 
associated resources on the construction site.  

Another advantage of the chosen pile system 
forms the almost weather-independent feasibility of 
the foundation work - a particularly significant risk 
factor in this project with regard to the available nar-
row time window even especially across the winter 
months. The linear processing of the individual peat 
areas, combined with the high installation capacity of 
300 piles and more per rig and day, enabled an effi-
cient handover of completed sections for subsequent 
lots. To realize the installation of the pile caps and the 
geogrid reinforced load transfer platform even under 
the influence of frost and snow, heated tents were set 
up, under which the pile caps as well as the geogrid 
reinforced LTP was installed at high construction 
speed (Fig. 6). After installation of the pile caps a 
sand levelling layer was placed. 
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Figure 6. Installation of concrete pile caps  

 
The used geogrids were wrapped around along the 
outer row of piles with a radius of 15 cm. The geogrid 
ends were tied back on both sides towards the centre 
of the embankment and overlapped with the required 
length (Fig. 7). 
 

 
Figure 7. Installation of geogrid over soil levelling layer 

 
After completion of the geogrid reinforced LTP the 
sub-ballast and ballast layer together with the rail 
track were installed. Work on the superstructure was 
completed in April 2013, so that the overhead line 
system could finally be installed. Commissioning of 
the double track line took place in June 2014. Over a 
period of one year after commissioning of both tracks, 
the LTP system was monitored with regards to its de-
formation behaviour by using vertical and horizontal 
inclinometers, settlement gauges and earth pressure 
cells. The measured deformations were generally be-
low the predicted values. Earth pressure cells, which 
were installed right on top of the pile caps showed the 
expected load concentration as a result of the arching 
effect in the geogrid reinforced LTP. At the top of the 
rail, no appreciable deformations have occurred so 
far. This confirms the measured results as well as the 
effectiveness of the designed geogrid reinforced LTP. 

 
 

4 HARBOUR FACILITY PROJECT 

4.1 Utah Point Berth Project, Australia 

The Utah Point Berth Project (UPBP) at Port Head-
land in northern Western Australia involved the de-

velopment and operation of a common user bulk ex-
port facility, primarily to serve the mining industry in 
the Pilbara region (Woodroof & Chakrabarti 2012).  

Utah Point facilitates the development of a number 
of emerging commodities producers of Western Aus-
tralia as well as providing a new facility for existing 
Port Headlands exporters. 

 

 
Figure 8. Aerial photograph of site 

 
The throughput of the facilities is expected to be in 
the order of 17 million tons per annum of various bulk 
products, predominantly iron ore and manganese. The 
main Stockyard & access roads at the Utah Point were 
to be built over extremely soft clay soils within man-
grove wetlands areas. 

4.2 Ground conditions 

The existing subsurface comprised of a tidal man-
grove mud layer, up to 2m thickness, with a nominal 
undrained shear strength of about 10kPa or less, over-
lying calcarenite. An embankment with heights up to 
7m is supporting the perimeter road of the stockyard 
area. As fill material for the embankment dredged 
sand was used. Exceptionally high live loads (100-ton 
ore loaders) and dead load from iron ore stock piles 
provided the designers a challenge to ensure suitable 
embankment support using economical, innovative 
methods.  

4.3 Design of foundation system 

As design loads average vehicle traffic loads on the 
perimeter embankment road of 20 kPa; and iron ore 
stockpiles up to 16.5 m in height with an assumed iron 
ore dry unit weight of 22 kN/m3 were adopted in the 
stability analysis (Klompmaker et al. 2009 & 2016).  

The stockyard floor will be subject to a stockpile 
load of up to about 300 kPa. The weak subsurface 
condition and loading from embankment and stock-
piles warranted use of high strength geogrid rein-
forcements for slope stability and bearing capacity 
purposes. Laid and welded Secugrid geogrids were 
selected by the designers as having the necessary per-
formance requirements in this demanding applica-
tion, to provide long-term embankment stability and 
support.  
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Figure 9. Slope stability analysis for perimeter embankment 

 
The polyester (PET) geogrids were designed to be in-
corporated in the embankments such that the vertical 
loads exerted by the embankment on the soft founda-
tion soils were transferred into the horizontal geogrid 
layers. A typical output resulting from the embank-
ment slope stability analysis is shown in Figure 9. 

4.4 Construction 

Before installation of the first geogrid layer could 
begin, the mangrove trees had to be removed (Figure 
10). A geotextile separation layer was placed on the 
cleared formation (Figure 11). The root zone below 
ground surface was left untouched to retain some of 
the root system as a reinforcement zone. 
 

 
Figure 10. Clearing of mangrove trees 

 

 
Figure 11. Installation of geotextile separator below geogrid  

Installation of the basal geogrid reinforcement layer 
grids presented a challenge to the appointed contrac-
tor given that it needed to be placed over the very soft 
mangrove subgrade. Swamp dozers and specially de-
signed ‘low pressure’ buggies as shown in Figure 12 
were utilized to deploy the geogrid rolls across the 
stockyard and road formations. 
 

 
Figure 12. Unrolling of geogrid by low-pressure buggy 

 
On top of the 400 kN/m basal reinforcement an initial 
1.0 m thick bridging layer was installed using light 
tracked construction equipment. The bridging layer 
was compacted by loading from the construction 
equipment. The fill material in this initial layer was 
free draining sandy or sandy gravelly material to al-
low any pore water from the mangrove mud to be dis-
charged and consequently gain in subgrade strength 
as a result of consolidation.  

The embankment slopes were reinforced by 
120 kN/m ultimate tensile strength laid and welded 
geogrids. The awarded contractors installed approx. 
500,000 m² of geogrid over the work areas at the Utah 
Point project. Instrumentation monitoring results in-
dicated settlements to be within the expected range.  

In 2011 the Utah Point Multi User Bulk Export Fa-
cility project won the Australian National Engineer-
ing Excellence Award for implementing a range of 
innovative and new technologies. 

In 2011 Port Headland Port Authority and PINC 
Group (Project Management) won the Australian En-
gineering Excellence Award for implementing a 
range of innovative and new technologies.  

 
 
5 CONCLUSIONS 
 
Building on soft ground is considered a high risk due 
to the soils’ low shear strength and high compressi-
bility. Geosynthetics have successfully been used of 
the last decades to overcome geotechnical problems 
like e.g. bearing capacity failure, global slope insta-
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bility, local failure, large total and/or differential set-
tlements, and large lateral movement during both 
construction and post-construction periods.  

In this paper three exemplary infrastructure pro-
jects have been presented, where laid and welded ge-
ogrids have been used as basal reinforcement to be 
able to offer cost-effective solutions. Design and con-
struction related details have been described for a 
road, railway and harbour facility project. 

All of the three projects offered economic ad-
vantages over conventional solutions. Basal rein-
forced embankments e.g. allowed reduction of con-
struction time due to accelerated consolidation 
processes. The geogrid reinforcement at the base of 
the embankment enabled larger loads to be applied 
compared to unreinforced solutions, without exceed-
ing the shear strength of the soft subgrade.  

By using piled embankments in combination with 
geogrid reinforced load transfer platforms (LTP), the 
construction could be undertaken in a single stage 
without having to wait for the soft subgrade soil to 
consolidate.  

The cost benefits of using geosynthetic solutions 
may be immediate, long-term or both. In the review 
of the projects presented in this paper the following 
cost saving benefits can be identified: 
- Immediate saving through substitution or reduc-

tion of select soil material 
- Immediate saving through ease of installation and 

increased speed of construction 
- Life-cycle cost savings through improved perfor-

mance by increased longevity or reduction of 
maintenance 
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