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ABSTRACT
Innovative construction techniques involving reinforced earth, soil anchors and a design build approach, not only
provided economical road reconstruction, it also satisfied the long term needs of stakeholders while saving the forested
riparian area along the shores of a hydro reservoir.
Waterways are common transportation corridors and desirable for homes and recreation, however the waters edge is
a dynamic place. Not only is this area high in ecological value, rich with food and riparian shade, it is often actively
eroding causing instability in the slopes above. The challenge of maintaining infrastructure without damaging the
ecological value always proves challenging.
The road highlighted in this paper is situated within the limits of a small Village on Vancouver Island. The outer lane
of this road had to be closed due to fill slope failures down to the reservoir and recreation area below. Steep slopes,
high rainfall, tight budgets and multi stakeholders defined the job; Geosynthetic Confined Soil (GCS) and soil anchors
fixed it.
This paper highlights how a collaborative approach between the Municipality, Power Authority, environment and
designer developed the long term, low impact solution that kept the riparian zone intact.
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INTRODUCTION

Cumberland BC is a small village with a big history
situated in Comox Valley on Vancouver Island. Coal
mining started the town 150 years ago, but recreation and
proximity to the larger commercial centers keep the
community alive today.
Cumberland is also the gateway to Comox Lake, a
large fresh water reservoir just east of town. A small rural
two lane road provides access to the lake and associated
amenities along the southern shore (Figure 1). The road
served the needs well for decades, however in 2012 it
had to be reduced to a single lane due to shoulder failures
along a 200m length (Figure 2).

Figure 2 – Comox Lake Rd Pre-Construction Conditions
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Figure 1 – Village of Cumberland, Site Location

GEOLOGY

The geology was consistent across the site with layered,
very dense marine deposits of silty sands, interbedded
with occasional gravelly lenses. Overlying the dense
native soil, was loose weathered strata, organic biomass
and vegetation. Cliff bands of sedimentary rock were
found above the road but was not outcropping elsewhere
nor encountered during drilling.
The dense marine deposits have an natural cohesion
that allows for consistent road cut angles in excess of 50
degrees. Other than minimal weathering from exposure,
the cut slope has been stable with minimal maintenance
for decades (Figure 3).

The beach slope was measured to be a consistent 10
degrees from the base of the slope out into the lake as far
could be seen from the shore (~5-10m).

Figure 3 - 53 Degree Cut Slope Angles and failing 40+
degree fill slopes below.
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SLOPE STABILITY

Based off the field observations and knowledge of the
area, slope stability concerns were limited to the surficial
soil only. Deep seated failures through the dense native
silts were not common, found, nor expected.
The upper soil structure of loose weathered soil and
deep organics is common in this geographic region and
wet climate. The structure lends itself to slow surficial
creep and shallow slumps found at the site. The stable
native soil below and tensile strength of the root mat
allows for the steep 45 degree vegetated slopes. Over
time however the surficial soils thicken as biomass
accumulates and mechanical weathering weakens the
dense soil below. Groundwater movement, frost and root
action dominate soil weathering in the area.
As the soil thickens, internal loads increase, while root
density and strength decrease at depth. The stability
balance between the increasing load with decreasing root
strength produces surficial slumps range between 0.5 and
1.2m. Slumps deeper than 1.2m are uncommon.
Along the 200m length of the study site, lake erosion
had developed an undercut at the toe of slope. The
undercut varied from 1m to 1.6m in hieght.
Unweathered/dense soil was generally exposed for the
lower half of the cut, while steep, to overhung, rooted soils
were found above.
The very steep undercut area indicates that the dense
native silts are erosion resistant, while the tensile strength
of the root filled upper layer effectively reduces soil loss
above.
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BEACH STABILITY

The beach had a natural armour of well-graded cobbles
and gravel. Remnant tree stumps on the west side and
rip rap on the east and appeared to be stable.
The
beach level was at the natural stump base, indicating the
beach had not eroded nor aggraded (Figure 4).

Figure 4 - Original tree stumps still intact under west slide.
Note the lack of beach loss at stump base.
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SLOPE EROSION RATES

There are two areas of erosion/soil loss affecting this
slope: 1/ across the slope, and 2/ at the toe.
The erosion across the slope was governed by the
balance of root tensile strength and overall weathered soil
depth. When the depth of the surficial soils reaches
approximately 1m the roots can no longer support the soil
and slumping occurs. Based off the average size of tree,
it appears that this has a cycle time of approximately 60
years.
The erosion at the toe appeared to be due to seasonal
high water levels of the reservoir and the wave action.
Assuming that the natural slope would have maintained
the 1H to 1V prior to the reservoir construction, there
would have been a 1m to 1.6m push back of the toe in the
past 100 years.
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REMEDIAL OPTIONS

The outer lane of Comox Lake Road had been closed for
several years due to excessive settlement and concern
for public safety due to landslide.
The settlement
appeared to be due in part to: the steep terrain, road
construction techniques and increased erosion at the toe
during high water levels.
Several mitigation options to fix the road challenges
where investigated, including:
1/ Erosion control at the toe, plus slope and fill
reconstruction – “Bottom Up Construction”
2/ Reconstruction of the road with soil anchors and
shotcrete face – “Top Down Construction”
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BOTTOM UP CONSTRUCTION

This technique is commonly employed and accepted for
this type of challenge. The work involves removing the
failing soil and replacing it with stable, non-erodible

material. A well graded boulder mix called rip rap is
commonly used for this type of construction.
The technique requires the loose, faling material to be
removed and then replaced in controlled lifts. To complete
this, the whole slope has to be stripped of vegetation and
organic material, have the failing soil removed then
replaced while maintaining stability of the remaining road
bed. Engineered replacement fills either encroachment
into the lake or retaining structures across the slope must
be constructed. (Figure 5).
The other significant, but often overlooked challenge
with this type of construction is the hundreds of heavy
hauling trucks moving the combined removal and import
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of 12,500 m soil. The hauling of material not only has a
significant carbon footprint in terms of fuel consumption,
the additional heavy traffic would deteriorate the road
structure adding additional burden to the Village.

Figure 6 - SLIDE stability model base off back analysis.

Figure 5 - 1.5H to 1V slope projection with lake infill for
Bottom Up Construction
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TOP DOWN CONSTRUCTION

Contrary to “Bottom Up” methods, “Top Down”
construction is completed from road level, leaves the
foreshore/riparian untouched and much of the forested
slope intact. Due to the numerous benefits this was the
chosen solution. The work was completed in 5 stages:
8.1

Initial Engineering

Engineering was completed using back analysis
techniques SLIDE stability modelling software. The base
model was constructed using back analysis methods
based off field measurement and soil samples. The
engineering found that the combination effect of offloading
the crest and adding strength to the upper soils effectively
reduced the driving forces enough to gain the required
Factor of Safety of 1.5 (Figure 6).
The long term stability of the slope below the anchors
was accounted for in the setback geometry and projected
1.5H to 1V slopes up from the anticipated future shoreline
(Figure 7).

Figure 7 - Initial geometric planning based off 1.5H:1V
stable slope projections and anticipated erosion.
8.2

Road Reconstruction

Initial excavation and full reconstruction of the road
creating Thin Soil Beam (TSB) using Geosynthetic
Confined Soil (GRS).
GRS utilizes high strength
geosynthetic fabric interbeded between compacted quality
granular soil. This combination creates a stiffened soil, of
increased strength effectively reducing differential
settlement. The volume of soil removed and replaced
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was approximately 2500m .

Figure 8 - Road reconstruction using TSB techniques.

8.3

Soil Nails

Once the TSB was constructed, the required road width
was established and a safe work platform was created.
The crew then continued to work down the slope,
supporting it with a series of closely spaced soil anchors.
These anchors had a minimum 6m in length and were
grouted deep into the dense native soils. The three rows
extended down the slope approximately 4m to intercept
the unweathered soil below and reduce the resultant
slope angle to the lake.
This work proved to be
challenging due to lose soils, overly steep cut angle
causing undermining and sloughing (Figure 9).

contouring was completed, woody debris and loose straw
was dispersed across exposed soil prior to hand seeding
(Figure 11).

Figure 11 - Lower bench contoured for positive drainage,
woody debris and straw placed for biomass.
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Figure 9 - Initial anchor work.
8.4

Shotcrete Face

The soil nails and the area below the TSB’s were
connected and strengthened with a steel reinforced, high
strength shotcrete. The shotcrete face provided: support
for the weaker foundation soils, stiffness to the soil nail
array, and long term corrosion protection of the anchor
system (Figure 10).

CONCLUSION

“Top Down” construction effectively reconstructed the
road up to the necessary standards of the owners and
funding agencies. The construction was completed over
a 6 week period at approximately half the estimated cost
of traditional/“Bottom Up” construction with only a fraction
of the traffic and associated road damage.
Top Down Construction had only 1/5th of the material
needs and no construction footprint (material removed,
riparian area remained intact, with foreshore intact). The
construction proved to be challenging, but the close
communication between the field crew and engineering
allowed for seamless field verifications and efficient
project delivery.
Through the combined use progressive engineering,
quality workmanship and erosion projections the long
term stability and stability is meet or exceed the desired
75 year design life while maintaining the environmental
integrity.

Figure 10 – Shotcrete was applied across the with anchor
array and reinforcement mesh.
8.5

Reclamation/Clean up

The bench crest below the treated area was pulled back
to ensure positive drainage down the slope. Once the

Figure 12 - Completed Project after 1 year.

