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ABSTRACT: The Port Mann Highway 1 Improvement project was completed between 2008 and 2015 to reduce congestion and wait 

times along a major transportation corridor in the Metro Vancouver region in Canada. Several interchanges along the project were 

underlain by poor soil conditions comprised of highly compressible peat and clayey silt over dense glacial material. These soil 

conditions had resulted in several failures during the highway’s original construction in the 1960s culminating in the lengthening of 

the original overpasses since conventional preloading or surcharging was not feasible for the approach fills. As part of the new 

construction, it was decided to minimize the span of replacement bridges through the use of geosynthetic reinforced pile-supported 

embankments. The embankments consisted of a combination of timber and pre-cast concrete piles supporting a granular load transfer 

platform reinforced with high strength geosynthetic. Numerical modelling using FLAC was completed for design of the 

pile-supported embankments to understand pile demands under static and seismic conditions.  

 

 

1  INTRODUCTION 

Highway 1 is a major transportation cooridor in the Metro 
Vancouver region. It was originally constructed in the 1960s as 
a four lane highway with numerous interchanges that was then 
widened to a six lane highway in the 1990s. Due to regional 
growth and the lack of infrastructure investment, the highway 
experienced heavy congestion. In the 2000s, the government of 
British Columbia created the Port Mann Highway 1 
Improvement project to help reduce congestion and wait times 
along Highway 1. The project comprised the replacement of the 
old Port Mann Bridge with a new 10 lane bridge, 37 kilometers 
of highway widening across several municipalities and 
upgrades to numerous interchanges. Upgrades to interchanges 
generally included replacement and realignment of existing 
overpasses and ramps.  

The Willingdon Avenue, Sprott Street and Kensington 
Avenue interchanges are generally underlain by highly 
compressible peat and clayey silt deposits over dense glacial 
deposits. These deposits are locally termed as Still Creek 
deposits and present a risk of instability/soil failure and high 
post-construction settlements which typically require special 
measures to achieve the specific design requirements.  

The original 1960s design proposed to use short overpasses 
with approach fills treated with conventional preloading and 
surcharging. Though during initial construction in the 1960s 
several failures and excessively high settlements occurred due 
to the challenging soil conditions and several design changes 
were required (Hoy, 1965). Modifications to the original design 
included lengthening the overpasses, reduced approach fill 
height and the use of lightweight fills, such as woodwaste and 
expanded clay shale, in the embankments. 

Construction in the 1990s primarily consisted of highway 
widening toward the grass median and there were minimal 
changes to ramps and overpasses. 

Construction for the Port Mann Highway 1 project occurred 
between 2008 and 2015. For the three interchanges mentioned 
above, the existing overpasses over Highway 1 were replaced 
and the ramps were reconfigured. The design philosophy 
adopted was to minimize bridge spans so the footprint is limited 
to where the bridge crossed Highway 1. This required approach 
fill heights of between 2 and 8 m to be constructed over the 
poor soil conditions.  

It was not considered feasible to construct approach fills of 
this height using conventional mineral fill due to the high risk 
of instability and potential for significant post-construction 
settlement. Load compensation using lightweight fill was also 
not considered feasible due to the presence of peat and the 

water table immediately at ground surface which would cause 
issues with buoyance. Therefore, pile-supported embankments 
reinforced with high-strength geosynthetics were selected to 
facilitate construction of the approach fills. 

2  PILE-SUPPORTED EMBANKMENT BACKGROUND 

Pile supported embankments generally comprise a load transfer 
platform of granular fill reinforced with high-strength 
geosynthetics over piles driven through soft, compressible soils 
into more competent firm or dense material. Figure 1 shows the 
typical cross-section for a pile-supported embankment. 

Figure 1. Typical pile-supported embankment cross-section (FHWA) 

 
The weight of the embankment causes the compressible soil 

between the piles to settle resulting in soil arching and the 
geosynthetic reinforcement deflecting downwards. This 
elongates the reinforcement and mobilizes tension forces. The 
reinforcement tension translates to downward axial forces on 
the piles which is added to the soil arching forces and 
embankment weight. Ultimately, these mechanics result in a 
reduction of stress on the underlying compressible soils and 
minimal settlement at the top of the pile-supported embankment.  

Pile-supported embankments have been used for more than 
60 years though their use within British Columbia, Canada has 
been limited. There has been a recent worldwide increase in use 
due to their more economical cost when compared to more 
conventional design methods, such as longer bridge spans.  

Specifications for designing pile supported embankments 
exist in the United Kingdom, Sweden, and Germany (FHWA). 
At the time of design, the British Standard BS 8006:1995 (BS 
8006, 1995) was commonly used for design of the load transfer 
platform these structures. This version has since been 
superseded as of 2011. 
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3  DESIGN CRITERIA 

The project did not have any specific design criteria 
requirements for pile-supported embankments. Though there 
were requirements for both static and seismic stability of 
embankments which were utilized in the design and analysis of 
the pile-supported embankments.  

The British Standard BS 8006:1995 (BS 8006, 1995) was 
adopted for the design of the load transfer platform, while the 
piles were designed in accordance with the Canadian Highway 
Bridge Design Code (CHBDC) S6-06 and British Columbia 
Ministry of Transportation and Infrastructure Supplement to 
CHBDC S6-06 by the project’s structural engineers. 

4  DESIGN AND ASSESSMENT 

The pile-supported embankments used for Port Mann 
Highway 1 consisted of piles, load transfer platform, expanded 
polystyrene (EPS) lightweight fill and road structure. A typical 
cross-section used on the project is shown in Figure 2. 

Figure 1. Typical pile-supported embankment cross-section (FHWA) 

 
Piles were a combination of timber and hollow precast ICP 

installed on a 1.5 m square spacing. The pile heads were 
protected with 610 mm diameter concrete pile caps. The pile 
caps provided encapsulation for the end of the pile head and 
reduced the clear spacing (pile cap-edge to pile cap-edge) 
between the piles. The reduced clear spacing significantly 
reduced the load demands on the geosynthetic used in the load 
transfer platform. The structural capacity of the piles was 
determined by the project structural engineers.  

The load transfer platform was comprised of high-quality 
well-graded granular fill reinforced with two layers of uniaxial 
high-strength geosynthetic. British Standard BS 8006 was used 
for the ultimate and serviceability limit states design. The 
method addressed design aspects such as: 

 Pile group capacity to balance spacing between piles, 
 Vertical load shedding to ensure vertical load is 

transferred to the piles, 
 Lateral sliding to check the minimum development 

length for the geosynthetic, 
 Bond resistance between geosynthetic and granular fill, 
 Reinforcement capacity, which accounts for strain to 

develop the required tensile resistance. 
 
The maximum load transfer platform thickness varied 

between 1.2 and 2.4 m for timber and concrete ICP piles, 
respectively. The maximum thickness of the load transfer 
platform was determined based on analyses completed in 
accordance with BS 8006, results from stability modelling and 
capacity considerations for the piles. A minimum thickness of 

0.9 m was specified to maintain the efficiency of the load 
transfer platform.  

BS 8006 was used to determine the tensile loads in the 
geosynthetic reinforcement. Maximum geosynthetic tensile 
design loads were calculated to be 122 and 86 kN/m for the 
1.2 and 2.4 m thick load transfer platforms. The thicker load 
transfer platform had lower design loads because full arching 
could be developed within the granular fill. The reinforcement 
used was Mirafi Miragrid 24XT uniaxial geogrid as it satisfied 
the tensile design load requirements and limited the maximum 
allowable strain to less than 5% and 3% for ultimate and 
serviceability limit states. 

A non-woven geosynthetic was used as a separator between 
the native ground and the granular fill of the load transfer 
platform. The two layers of uniaxial geogrid reinforcement 
were then placed at 150 and 300 mm above the base of the load 
transfer platform. The lower layer was oriented so the primary 
direction (machine direction) was perpendicular to the 
embankment. The upper layer was oriented so the primary 
direction was parallel to the embankment. At the ends of the 
embankment the reinforcement was wrapped back into the 
embankment to have sufficient embedment length. 

Numerical modeling using FLAC 2D (see Figure 2) was 
carried out to examine the general stability and dynamic 
behavior of the embankment and piles. The modelling also 
estimated the axial force, shear force and bending moment 
developed in the piles. The results showed that EPS lightweight 
fill was required for higher portions of the pile-supported 
approach embankments to limit loading on the underlying piles. 
The design of the EPS lightweight fill and road structure was 
completed by other project engineers, though their integration 
and effects to the pile-supported embankment system were 
considered in the analyses of the load transfer platform and 
piles. 

5  CONCLUSION 

Geosynthetic reinforced pile-supported embankments were 
effectively used at several interchanges along Highway 1 in 
Vancouver, Canada where poor soil conditions exist. This was 
one of the first times a pile-supported embankment has been 
used in British Columbia and their use ultimately resulted in 
decreased bridge lengths. 
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