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ABSTRACT: Some experiences of construction methods for improving and constructing road and railroad embankments on peat 
ground in Sweden are presented. Many different construction methods have been used in Sweden during the last 15 years for the 
improvement and new construction of roads on peat ground. The choice of construction method is often based on tradition and 
previous experience in the region. In general, the construction and improvement of roads and railroads on peat ground works well. 
However, the construction methods may lead to expensive and oversized design or to unnecessarily large maintenance needs and 
costs for many years. 

RÉSUMÉ : Le document présente quelques expériences de méthodes de construction pour l'amélioration et la construction de remblais de 
route et de chemin de fer sur des terrains tourbeux en Suède. Plusieurs méthodes de construction différentes ont été utilisées en Suède au 
cours des 15 dernières années, visant l'amélioration et la construction de remblais de route et de chemin de fer sur des terrains tourbeux. 
Le choix des méthodes de construction est souvent basé sur des traditions et des expériences antérieures dans la région actuelle. La 
construction et l'amélioration de routes et de chemins de fer sur des terrains tourbeux fonctionne généralement bien. Cependant, le plus 
susceptible dans certains cas, les méthodes de construction mènent à une conception coûteuse et surdimensionnée ou à des grandes 
mesures de maintenance inutiles et des coûts pour de nombreuses années. 
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1  INTRODUCTION 

There is a skepticism regarding the use of peat as foundation for 
roads and railroads. With an adequate construction method, it is 
however, possible to construct embankments on peat which in 
unloaded conditions have a low bearing capacity. This with the 
aim being to carry the load of the embankment without having a 
failure and keeping the settlements within acceptable limits. 
There are many roads and rail roads built on peat ground 
decades ago and that are still in use.  

However, with new (future) knowledge concerning 
geotechnical properties and especially the stress-strain 
behaviour, and with the development of new test methods (e.g. 
O’Kelly, 2015) and models for the calculation of the 
geotechnical behavior of peat, there are possibilities for a more 
efficient choice of construction method and design. To achieve 
this, it is necessary in future research to develop a soil model 
which describes the mechanical behavior of peat in an adequate 
way, including the possible effects of fibres. 

In a study conducted at SGI (Swedish Geotechnical 
Institute) on the experience of construction methods on peat 
ground (Vesterberg et al., 2016), several examples were 
presented for the improvement and construction of roads and 
railroads. Recommendations for construction methods are given. 
In the study, a literature review was conducted and knowledge 
of construction methods of roads and railroads on peat ground 
was collected, especially concerning Swedish, but also some 
international, experiences. To collect the Swedish information 
an inventory of construction projects implemented in Sweden 
during the last 15 years was compiled. The work was conducted 
in cooperation with the Swedish Transport Administration. 
 

2  PEAT 

Peat consists of organic material from the vegetation which has 
in the northern part of the hemisphere grown on the ground 
surface during different time periods since the latest ice age, 
and it is usually found in the uppermost part of the soil profile 
(Carlsten, 1989; Huat et al., 2014). Deposits of peat has been 
formed since the last glaciation time and the maximum depth of 
peat in Sweden is therefore 10 m. 
   In a soil profile, peat often overlays organic sediments (e.g. 
gyttja, calcareous gyttja), chemical sediments (bog lime) and 
clay. The degree of humification of the peat usually varies in 
the soil profile in Sweden, and the climate and formation 
process are believed to be the governing factors. 
  The degree of humification affects the geotechnical 
properties of peat, where the presence of fibres is particularly 
important for the stress-strain behavior. Peat is commonly 
classified according to a 10-point scale according to von Post & 
Granlund (1926) and in three groups depending on the degree 
of humification: H1-H4: least decomposed peat, H5-H7: 
intermediate peat and H8-H10: most decomposed peat. 
 Table 1 presents typical values of some basic characteristic 
properties of peat. Note the high values of water content and the 
bulk densities similar to the density of water. 
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 Table 1. Some basic typical properties of peat (Roadex, 2016). 
Property Type of peat 

Fibrous (Least 
decomposed) 

Medium 
decayed 

(Intermediate) 

Amorphous 
granular (Most 
decomposed) 

Water 
content, % 

700-2000 500-1200 500-900 

Ash 
content, % 

1.5-3.0 3-8 8-30 

In situ bulk 
density, kg/m3 

900-1100 900-1100 900-1100

Dry density, 
kg/m3 

40-70 70-100 100-140 

Void ratio 10-25 8-17 7-13 
Permeability, 

m/s 
10-5-10-6 10-6-10-7 10-7-10-8

 
 
3  CONSTRUCTION METHODS 

Construction methods that have been presented in Vesterberg et 
al. (2016) are: 
 

 preloading (with surcharge, stepwise loading)  
 load adjustment (lightweight fill, profile change, 

pressure berms 
 reinforcement (woven geotextile, geogrid, brush mat) 
 deep stabilization (mass stabilization, lime-cement 

columns) 
 Piling (piled raft) 
 mass replacement (excavation and replacement, 

partial excavation, displacement) 
 sheet pile wall 

 
 Figure 1 shows an example of a construction method, 
incorporating load adjustment with lightweight fill in the form 
of wood chips. The project was to improve the existing road 
807 at Holma mosse in Sweden in 2010, where there were 
problems with flooding several times every year. The ground 
water table was at the same level as the ground surface and it 
was thus necessary to raise the level of the road surface. 
 The area consists of problematic soil conditions, with soft 
and organic soils having an undrained shear strength of about 5 
kPa. The challenge was to improve 1200 m of the road and raise 
the surface of the road without causing any significant long-
term settlement. The final solution was to excavate the existing 
superstructure and replace it with 0.80 m lightweight fill of 
wood chips, and a new superstructure on the top, Figure 1. 
Based on occular inspection of the settlement of the road 
surface, four years after finishing the construction work, the 
settlements have been small. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Improvement of road 807 at Holma mosse, Sweden. The 
photograph shows wood chips placed on a geotextile with a woven 
geotextile on top of the wood chips. (Photo: Agne Gunnarsson, 
Sweden). 

 An example of a construction method to improve existing 
railroads in Sweden when the axle load is uppgraded (in this 
case 25 tons axle load on the Västerdalbanan railroad) is partial 
excavation (support leg excavation), Figure 2 a and b. With a 
small excavation depth, here 2.5 to 3 m, double-sided or single-
sided partial excavation at the embankment foot may be suitable. 
The replacement material (course-grained frictional material) 
increases the stability of the railroad embankment. 
 
 
 
 
 
 
 
 
 

 
a) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
b) 

Figure 2. A sketch (a) and photograph (b) of the partial excavation 
(support leg excavation) when improving an existing railroad 
embankment (Ramböll Sverige AB, 2010). 

 Figure 3 shows an example of preloading with a surcharge 
load in the construction of a new road on peat. It was e.g. 
concluded that: 
• Careful measurements of the size and development with time 
of the degree of settlement are necessary as a basis to decide 

Partial excavation 

Fill material 

Peat Peat Peat 

Sand/Silt 
Sand/Silt 
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  whether the preloading time can be shortened or must be 
extended. 
• The initial low strength of the peat means that the load must 
be applied step-wise, in order to to allow for consolidation and 
an increase in strength for each load step. 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Preloading with a surcharge load when constructing a new 
road on peat, Road 50, Mjölby-Motala, Sweden (Johansson et al., 2012). 

 
Internationally, research and development the last 15 years 

concerning construction methods on peat ground have been 
carried out especially for preloading (with surcharge) and with 
vertical drains (e.g Hayashi et al., 2011; Tashiro et al., 2013; 
Nguyen et al., 2015), reinforcement using geogrids (e.g. Rowe 
& Li, 2002; Öiseth & Sleipnes, 2008; Taechakumthorn & Rowe, 
2013) and stabilization (e.g. Jelisic & Leppänen, 2003; Lahtinen 
& Niutanen, 2009; Forsman et al., 2012). On Ireland, e.g., 
mainly mass replacement, preloading with surcharge and 
vertical drainage or load adjustment with lightweight fill has 
been used the last 10 years (Long, 2015). 
 
4  CONCLUSIONS 

In the study by Vesterberg et al. (2016) of Swedish experiences 
of methods of constructing roads and railroads on peat ground, 
some of the conclusions are: 
 
• Construction methods exist that are being used, and that work 
well both for new constructions and for the improvement of 
existing structures, for roads and railroads on peat ground.  
• Construction methods that have been used for roads are 
mainly preloading (with surcharge), load adjustment 
(lightweight fill, profile change, pressure berms), reinforcement 
(woven geotextile, geogrid), stabilization (mass stabilization) 
and mass replacement (excavation and replacement, partial 
excavation, displacement).  
• Methods for the improvement of existing railroad embank-
ments on peat have mainly been pressure berms, but also mass 
replacement (complete excavation, partial excavation).  Other 
methods such as piling, installation of sheet pile wall and mass 
stabilization have also been used. For the new construction of 
railroads the normal procedure is to excavate peat and replace it 
with frictional material.  
• The methods and models for the calculation of the geotech-
nical behavior of peat which are used in the design of roads and 
railroads have been basically developed for fine-grained 
mineral soils, and not for fiber-containing peat. There is thus a 
need to develop relevant test methods for the evaluation of 
parameters and methods for calculating the geotechnical 
behavior of peat. 
• Previous experiences of the construction of roads and 
railroads on peat shows that the construction methods in general 
work well. In some cases, however, the construction methods 
may lead to expensive and oversized design or to unnecessarily 
large maintenance work and costs for many years. For example, 
the benefit of using pressure berms to increase the stability of 
an existing embankment is uncertain. 

• In order to optimise the design of an embankment with regard 
to stability, it is important that relevant strength parameters are 
used and that a relevant failure mechanism is applied. With 
increasing reliability in calculating stability it may be possible 
to avoid improving parts of a road or railroad unnessarily, or 
fail to improve an embankment where it is necessary.  
• In order to clarify the deformation behavior of peat beneath an 
embankment, including large deformations and failure 
mechanisms for different types of peat, research is needed, and 
one way is to conduct larger scale model tests in the laboratory. 
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