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ABSTRACT The Port Mann/Highway 1 project included improvements to the Willingdon interchange in the Still Creek area 
of Burnaby. The area is well known among local geotechnical consultants for sensitive soil conditions. During the initial 
Highway 1 construction in the 1960’s, a flow slide occurred due to grading and preloading. 

A temporary on- and off- ramp detour was required to allow for the construction of the permanent structures on the 
northwest corner of the interchange. The detour required the construction of a 4.5 m embankment over the historical slide 
area. A detailed investigation of the area revealed that the site is underlain by thick layers of very soft peat and clay and a 
shallow groundwater table.  

This paper provides a review of the historic slide and presents the project design constraints, design methodologies and 
construction monitoring with respect to the temporary embankment. 
 

Review of Historic Flow Slide 

In the 1960’s during the original construction of 
Highway 1, a flow slide occurred at the northeast 
corner of the existing Highway 1 and Willingdon 
Avenue Interchange in Burnaby, BC, during the 
placement of the road embankment and preload.   

Due to the poor soil conditions, the original 
highway embankment was designed with a 1.3 m 
thick pavement structure, including 100 mm of 
asphalt, over a sawdust (hogfuel) fill on a subgrade of 
peat. A preload program was carried out over the 
road embankment fills. The flow slide was initiated 
when the height of the granular fill and preload fill 
was increased from 0.9 to 1.8 m.  This slide extended 
back to the centreline of the embankment where a 
maximum of 1.5 m of vertical subsidence occurred.  
The toe of this slide, as indicated by the upheaval of 
a creek bed, was approximately 120 m away from the 
highway centreline. It is believed that the 
overstressed sensitive clay below the peat was 
becoming remoulded after considerable settlement, 
and then induced the flow slide. The flow slide was 
remediated by partial replacement of the pavement 
structure with sawdust fill and the construction of a 
toe berm along the highway lanes.  The highway 
through this area was substantially completed in 
1964. In the first three years following completion, 
approximately 300 mm of post-construction 
settlement was reported. (Hoy et al., 1967) 

Similar flow slides were also reported several 
times on the north side of Still Creek between 1978 
and 1987 during site preparation works for 

commercial developments (Schmidt and Majchrzak, 
n.d). 

Detour Geometry & Surrounding 
Infrastructure 

Project Background 

The on- and off-ramp detour (referred to as the 
“detour” hereafter) was designed and constructed for 
temporary use during the Port Mann/Highway 1 
project that is currently under construction by the 
project Design-Build contractor, Kiewit Flatiron 
General Partnership. 

The detour was required on the northeast corner 
of the interchange to allow for ground improvement 
works to take place along the pre-existing and 
proposed alignments of the permanent on- and off-
ramps at the northwest corner of the interchange. 

 
Surrounding Infrastructure 

The aerial photos in Figures 1 to 3 show the 
phased construction sequence of the interchange 
including the detour.  All photos were taken from the 
south looking north. 

The detour and eastern half of the new Willingdon 
overpass and approach embankment structures were 
constructed prior to temporary closure of the pre-
existing on- and off-ramps at the northwest corner of 
the interchange. 

The approach embankment is supported by 
concrete piles installed to underlying very dense till-



like soils. Then a load transfer platform (LTP) 
consisting of geogrid reinforced granular fill was 
constructed on the piles to support the expanded 
polystyrene (EPS) blocks and pavement structures. 

After decommissioning of the detour, the 
northeast corner of the interchange will be 
permanently improved with an environmental 
compensation area including a main waterway 
channel with ponds connected by tributaries. These 
features were partially constructed in the autumn of 
2012, and are shown in Figure 3. 

Detour Geometry 
The detour alignments and profiles were designed 

by McElhanney Engineering Services Ltd. The detour 
consists of on- and off-ramps with lengths of 170 and 
150 m, respectively. In order to connect the detour to 
the new overpass approach embankment, it was 
required to elevate grades up to 3.2 m. In addition, a 
temporary right-turn lane from Willingdon Avenue 
was required to provide a connection to the detour.  
The right-turn lane required grades to be elevated up 
to 4.5 m. 

Figure 3 shows the detour alignments in relation to 
the highway structures and Still Creek. 

Regional Geology & Subsurface 
Conditions 

Regional Geology 
The site is located within a central valley 

depression of the Fraser Lowland region. Based on 
the regional surficial geology map, “Surficial Geology 
Map (1486A), Vancouver, BC” published by the 
Geological Survey of Canada (1980), the general 
geology in this region is described as Salish 
sediments, overlying lowland channel sediments, 
then highly consolidated silty to sandy Vashon Drift 
glacial deposits, which overlie Tertiary sedimentary 
bedrock at depth. 

Following erosion during the post glacial terms, 
the area was partially in-filled with fine-grained soil 
deposits. With isostatic rebound of the ground as the 
ice sheets retreated, the valley was slowly cut off 
from the surrounding waters, resulting in the gradual 
accumulation of compressible peat along Still Creek 
and Burnaby Lake. 

 
Subsurface Conditions 

The subsurface conditions in this area were 
investigated by Thurber Engineering Ltd. for the Port 
Mann/Highway 1 project. Several test pits were also 
undertaken by GeoPacific to identify detailed 
subsurface conditions to shallow depths.  

Based on the investigation results, the soil profiles 
at the northeast corner of the interchange consist of 
about 1 m of granular fill, overlying a few meters of 
existing hogfuel fill, then natural soils. The natural 
soils consist of up to 5 m of peat, overlying 8 m of 
very soft clayey silt, then dense till-like soils.  The till-
like soils were encountered at an elevation of 1 to 3 
m geodetic, which is about 11 to 13 m below the 
original grades.  The inferred subsurface conditions 
are presented in Figure 4. 

The peat and clayey silt are considered extremely 
weak, and normally consolidated under very low 
effective stresses. The elevation of the till-like soils 

 
Fig. 1. Original highway configuration (June 23, 
2010). 
 

 
Fig. 2. Construction of the detour at the northeast 
corner of the interchange and the eastern half of the 
Willingdon overpass (May 17, 2012). 
 

 
Fig. 3. Detour in service and the permanent 
structures under construction at the northwest corner 
of the interchange (April 22, 2013). 



gradually rises from the south to the north on the 
northeast corner of the interchange. 

Based on a complied set of recorded groundwater 
elevations in this area, the average groundwater 
elevation was estimated to be 13.4 m geodetic, which 
corresponds to a depth of about 0.6 m below the 
average original site grades. 
 

 

Design Constraints, Criteria & 
Guidelines 

Design Constraints 
Given the subsurface conditions and historical 

flow slide in this area, specific design restraints were 
required to minimize the risk of reactivating the flow 
slide. The following design constraints were 
established by the project consultants for the detour 
design and construction: 

 
• The detour construction shall not trigger 

significant (collapse) settlement that could result 
in reactivating a flow slide or localized slope 
instability. 

• To prevent collapse settlement, net pressure 
induced by the detour construction shall not be in 
excess of 5 kPa on average, with up to 10 kPa in 
a localized area. 

• The detour construction shall not impact the pile 
supported approach embankment. 

• The detour design shall consider the design 
groundwater levels; the normal groundwater level 
at 13.4 m, a 1:2 year return period flood level at 
14.3 m, and a 1:10 year return period flood level 
at 14.5 m. 

• The detour design shall consider a service life of 
approximately 15 months (450 days). 

 
Lightweight fill was considered the most 

economically feasible solution for the detour given the 
design constraints. A “limited net pressure” design 
philosophy was employed to satisfy the design 

criteria.  Hogfuel fill was considered feasible for grade 
increases up to 0.3 m above original grades as this 
methodology was largely employed in the original 
highway construction through this area. EPS blocks 
were used for the remaining portion of the detour for 
grade increases up to 4.5 m. 
 

Design Criteria & Guidelines 
The following design criteria and guidelines were 

adopted from NCHRP Report 529 (2004) for the EPS 
embankment design and analyses: 

 
• A minimum 610 mm thick of pavement structure 

(asphalt, base and sub-base) was required over 
EPS blocks. 

• A minimum factor of safety of 1.2 was required 
against floatation under design flood levels. A 
lower factor of safety was adopted for the 1:10 
year return period flood level due to the relatively 
short service duration of the detour. 
  
The following project specific criteria and 

ASSHTO design criteria and guidelines were adopted 
for the EPS embankment design and analyses: 
 
• Loads induced by wheel pressure and pavement 

structure fills shall not exceed the compressive 
resistance at 1% deformation of EPS as per the 
project requirements. 

• Loads induced by wheel pressure atop of EPS 
were computed using a 1:1 projection for load 
spreading as per the project requirements. 

• H20 axial loading and a wheel contact area were 
referenced from ASSHTO 3.30. 

• EPS blocks shall be re-useable for the permanent 
structures on the project as per the project 
requirements. 

 
Considering the poor soil conditions, the hogfuel 

pavement structure used in the original highway 
construction performed relatively well. Thus, this 
pavement structure design was used as a benchmark 
for the detour design where grade increases were 
less than 0.3 m. The total pavement structure 
thickness for the detour was reduced to achieve the 
limited net pressure requirement and was reinforced 
using a biaxial geogrid. 
 

 

 

 

 
Fig. 4. On-ramp detour profile and inferred 
subsurface conditions. 



Design Soil & Fill Material 
Parameters 

Soil and fill material parameters were established 
for the lightweight fill embankment design and 
analysis based on the results of geotechnical 
investigations and the project material specifications. 
The parameters were used in the stress analysis and 
to establish a limit equilibrium global stability analysis 
model.  

Table 1 shows the interpreted soil and fill material 
parameters employed. 

Table 1.  Interpreted soil and fill material parameters 

Material/ Soil 
Unit 

Unit 
Weight 
(kN/m3) 

Friction 
Angle 

(degrees) 

Undrained 
Shear Strength 

(kPa) 
Asphalt 22.5 N/A N/A 
Base Gravel 22.0 36 0 
EPS 22 0.22 N/A N/A 
Ex. Granular Fill 18.0 30 0 
Hogfuel 10.2 40 0 
Peat 11.0 30 0 
Clayey Silt 15.3 0 7.5 
Till-like Soils 20.0 40 0 

Analysis Results & Design Details 

Analysis Results 
Based on the compressive load at the pavement 

structure to EPS contact, EPS 22 was selected 
based on its compressive strength at 1% 
deformation. 

Stress and floatation analyses were undertaken 
for a maximum final grade elevation of 17.0 m 
geodetic.  The results of net pressure and floatation 
analyses are summarized in Table 2. The net stress 
and floatation analyses did not include the project 
specific traffic load of 16 kPa. 

Careful consideration was given to the base 
elevation of the EPS which governed the net stress 
on the subgrade and floatation resistance.  Based on 
the results of the stability and stress analyses, 
construction feasibility and cost considerations, the 
EPS base elevation was set at an elevation of 13.4 m 
geodetic which coincides with the normal 
groundwater elevation. This base elevation achieved 
the limited net pressure requirements and satisfied 
the minimum factor of safety against floatation. 

Even though the limited net stress requirements 
were achieved, settlements of up to 100 mm were 
anticipated due to differing stress histories, 
groundwater fluctuations, on-going construction 
activities and elastic deformation of the subgrade. 

Thus, additional floatation analyses were carried out 
considering the anticipated settlement and the results 
indicated an acceptable factor of safety. 

Differential settlements of up to 100 mm over a 
3.0 m span were anticipated at the interface between 
the pile supported embankment and lightweight fill 
detour. Some minor differential settlement was also 
anticipated at the transition between the hogfuel and 
EPS sections, and where the detour lanes tie into the 
original highway lane. 

For the hogfuel section, the net pressure 
increases were estimated up to 4.5 kPa with the 
maximum fill thickness of 0.3 m above the original 
grades. Floatation is not a concern on the hogfuel 
section based on the anticipated unit weight of this 
material. 
 
Table 2.  Net pressure & floatation analysis results 

 
Design Details 

A minimum 800 mm thick pavement structure was 
constructed on 1.0 m of hogfuel. A layer of biaxial 
geogrid was installed in the middle of the sub-base fill 
to reinforce the pavement structure and prevent 
punching failure. The hogfuel was wrapped using a 
nonwoven geotextile to provide separation for the 
peat subgrade and allow for complete removal of the 
hogfuel after decommissioning. Figure 5 shows a 
typical hogfuel embankment section.  

Net Pressure Analysis for EPS Section 

Design Final Grade Elev. (m) 17.00 
Design Original Grade Elev. (m) 14.0 
Design EPS Base Elev. (m) 13.40 

Net Pressure (kPa) 
+3.1 w/ 610 mm 

pavement 

Floatation Analysis for EPS Section 

Design Groundwater/ 
Flood Level 

Normal 1:2 yr 1:10 yr 

Design Groundwater/ 
Flood Elev. (m) 

13.4 14.3 14.5 

FOS with No Settlement N/A 1.58 1.29 
FOS with 100 mm 
Settlement 

> 2.0 1.42 1.18 

Min. Required FOS 
Against Floatation 

1.2 

 
Fig. 5.  Typical hogfuel embankment section. 



The EPS blocks were placed on a 200 mm thick 
river sand levelling pad.  The top and sides of the 
blocks were covered by a high density polyethylene 
(HDPE) geomembrane to protect the blocks from 
potential petroleum spills and ultra-violet exposure. 
Figure 6 shows the typical EPS embankment section. 
Figure 7 shows a sloped EPS embankment that was 
required to support the right-turn lane to the on-ramp 
detour. Figure 8 shows the shop drawings for the 
entire EPS embankment, prepared by Plasti-Fab. 
 

 

Construction Monitoring 

Monitoring Methodology 
On February 28, 2012, the detour construction 

commenced from the hogfuel section. A construction 
monitoring program was carried out during the detour 
construction. The purposes of the construction 
monitoring program were to record actual ground 
deformations and mitigate the risk of reactivating the 
flow slide. 

The following describes the monitoring system 
implemented during construction and the allowable 
deformation limits established for the inclinometer 
readings: 

 
• A total 15 of inclinometer casings were utilized to 

monitor ground deformations at depth. The 
locations of the inclinometer casing are presented 
in Figure 9 in relation to the detour alignment. 

• The preliminary allowable deformation limits were 
taken as 20 mm in cumulative deformation per 
day, and 5 mm in incremental deformation per day 
at depth. 

• Readings in these casings were undertaken daily 
and data was immediately processed and 
reviewed to detect any signs of excessive lateral 
deformations, if present. 

• The stockpile heights were limited to 1 m to avoid 
overstressing the underlying soils.  A minimum 
stockpile setback of 6 m was recommended from 
the crest of any temporary excavation. 

• Excavations for the hogfuel fill embankment were 
carried out on small sections each day, up to 1.8 
metres deep, and backfilled near final grades 
within an 8 hour work shift. 
 

Monitoring Results 
The detour construction was completed and 

opened for public use by the end of May 2013.  The 
total (cumulative) deformations measured during the 
detour construction are presented in Figure 9 at each 
inclinometer location.  The following summarizes the 
monitoring results: 

 
• In general, deformations were recorded within the 

peat layer and were below the allowable 
deformation limits. 

• Comparatively larger deformations, above the 
allowable limits, were identified at inclinometer 
casings immediately adjacent to temporary 
excavations. 

• Excessive deformations were attributed to the 
normal excavation induced ground movements, 
and it was confirmed that these deformation rates 

 
Fig. 6.  Typical EPS embankment section. 
 
 

 
Fig. 7.  Sloped EPS section supporting the right-turn 
lane to the on-ramp detour. 
 
 

 
 
Fig. 8.  3D shop drawing prepared by Plasti-Fab.  
View from southwest. 



immediately decelerated once the construction 
was completed at a given section. 

 

Post-Construction Monitoring 

Monitoring Methodology 
A post-construction monitoring program was 

carried out once the detour was in service. The 
purposes of the post-construction monitoring 
program were to record the actual performance of the 
detour embankment, specifically settlement of the 
detour, and measure actual groundwater fluctuations 
in relation to the design flood levels. This was critical 
to ensure that floatation of the EPS embankment 
would not be an issue during the detour service life. 

The following describes the post-construction 
monitoring program implemented during the detour 
service life: 

 
• A total 24 of conventional monitoring points were 

established along the edge of the detour 
pavement at 20 m increments to record 
settlement and lateral movements. 

• A field survey of the monitoring points was carried 
out a bi-weekly basis. 

• The frequency of the survey program was 
increased in the autumn of 2012 when the 

excavation of the environmental compensation 
area was undertaken in the vicinity of the detour. 

• Two groundwater monitoring wells were installed 
on each side of the EPS section. 

• Fluctuations in the groundwater level were 
continuously logged by an electric piezometer 
installed in the monitoring wells. 

• The groundwater monitoring commenced on 
December 13, 2012. 

 
Monitoring Results & Projected 
Settlement 

The detour is expected to be decommissioned in 
the summer of 2013, depending upon the 
construction schedule of the surrounding structures. 
Monitoring point and piezometer readings will 
continue until the detour is decommissioned.  

The following summarizes the results of the post-
construction monitoring program and provides 
projected settlement at the end of the 15 month 
service life: 

 
• Settlements up to 60 mm, on average, were 

recorded along the hogfuel embankment. Larger 
settlements in the range of 100 to 190 mm were 
noted at Nails 9, 10, 11 and 25. 

• Projected settlement on the hogfuel embankment 
for the service life is estimated to be about 70 mm 
on average, with up to 220 mm at the previously 
referenced points. 

• Settlements of up to 25 mm, on average, were 
recorded along the EPS embankment.  
Settlements in the range of 100 to 135 mm were 
noted at Nails 16, 21 and 24 along the pile 
supported embankment. 

• Projected settlement on the EPS embankment for 
the service life is estimated to be about 40 mm on 
average, with up to 160 mm at the previously 
referenced points.  

• No signs of a reactivated flow slide toward Still 
Creek were identified based on the results of the 
monitoring program. 

• Some consistent displacement toward the east 
has been noted on the points established along 
the pile supported embankment (i.e., Nail 16 to 
21). The horizontal displacements are attributed to 
differential settlement between the detour and pile 
supported embankment as anticipated during the 
design phase. 

• The greater settlement on the east side of the pile 
supported embankment was induced by 
comparatively higher ground stress as the EPS 
base stepped up from 13.4 m to 14.3 m geodetic 
to incorporate the LTP structure. 

 
Fig. 9. Cumulative deformation at each inclinometer 
casing during the detour construction. 



• Based on the actual settlement on the EPS 
section, the potential floatation risk at the 1:2 and 
1:10 year return period flood levels was low. 

• The continuous groundwater monitoring results 
indicated that the groundwater level fluctuated 
from 13.4 to 13.95 m geodetic in MW12-01 and 
from 13.0 to 13.8 m geodetic in MW12-02. 

• The average groundwater level in this area 
appears near the normal groundwater level 
anticipated during the design phase. 

• Elevations in the groundwater level appear to 
coincide with rainfall events. 

• Differential settlement caused some separation at 
the detour connection to the pile supported 
overpass structure, as anticipated. 

• The separation gaps were sealed several times to 
prevent trip hazards.  A pavement adjustment was 
made in March, 2013 at this interface. 
 
Figure 12 shows a total lateral deformation and 

direction of movement at each monitoring point 
measured from June 1, 2012 to April 18, 2013. 

Figures 13 and 14 show total settlement versus 
time at each monitoring point established on the 
hogfuel and EPS section, respectively, since June 1, 
2012. Figure 15 shows the results of the groundwater 
fluctuations versus date with the referenced 
precipitation record at the Vancouver International 
Airport. 

Conclusions 

• The limited net pressure design methodology of 
the lightweight fill detour on sensitive soils was 
valid to maintain the detour performance within 
the allowable deformations, mitigate excess 
ground settlement and deformation, and prevent 
reactivating the flow slide. 

• Understanding the subgrade characteristics, 
groundwater fluctuations, and design flood levels 
are key elements for the design of lightweight fill 
embankments. 

• The monitoring program, which included 
inclinometer casings, monitoring points and wells, 
was sufficient to detect ground deformations and 
ensure that the embankment was performing as 
anticipated. 

• Based on the post-construction monitoring results, 
the lightweight embankment detour performed 
considerably well as a temporary lifeline structure 
given the stringent design constrains and 
requirements and sensitive subsurface conditions. 
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Fig. 13.  Recorded settlement at the hogfuel embankment. 
 

 
Fig. 14.  Recorded settlement at the EPS embankment. 
 

 
Fig. 15.  Groundwater monitoring results with the precipitation record at Vancouver International Airport. 


