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CLARIFICATIONS REGARDING THIS REPORT  

This report is an instrument of service of Klohn Crippen Berger Ltd. (KCB). The report has been 
prepared for the exclusive use of the British Columbia Ministry of Transportation and Infrastructure 
for the specific application to the North Cowichan Active Transportation Overpass project, and it may 
not be relied upon by any other party without KCB's written consent.  

KCB has prepared this report in a manner consistent with the level of care, skill, and diligence 
ordinarily provided by members of the same profession for projects of a similar nature at the time 
and place the services were rendered. KCB makes no warranty, expressed or implied.  

Use of or reliance upon this instrument of service by the Client is subject to the following conditions: 

1. The report is to be read in full, with sections or parts of the report relied upon to precisely 
represent conditions at any other time.  

2. The observations, findings, and conclusions in this report are based on observed factual data 
and conditions that existed at the time of the work and should not be relied upon to precisely 
represent conditions at any other time. 

3. The report is based on information provided to KCB by the Client or by other parties on behalf 
of the client (Client-supplied information). KCB has not verified the correctness or accuracy of 
such information and makes no representations regarding its correctness or accuracy. KCB 
shall not be responsible to the Client for the consequences of any error or omission contained 
in Client-supplied information.  

4. KCB should be consulted regarding the interpretation or application of the findings and 
recommendations in the report. 

The analyses, conclusions, and recommendations contained in this report are based on data derived 
from a limited number of test holes obtained from widely-space subsurface explorations. The test 
hole data indicate subsurface conditions at the specific locations where samples were obtained or 
where in-situ tests were conducted, and only at the time they were obtained and to the depths 
penetrated. The samples and tests cannot be relied upon to accurately reflect the nature and extent 
of variations in strata and material parameters that may exist between sampling or testing locations. 

The recommendations contained in this report have been biased in part on assumptions about strata 
variations between test holes that will not become evident until construction or further investigation. 
During construction, KCB should be retained for field review to observe encountered subsurface 
conditions. If variations or other latent conditions become evident during construction, KCB will re-
evaluate the recommendations in this report. KCB cannot assume responsibility or liability for the 
adequacy of its recommendations without the appropriate level of field review. 
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1 INTRODUCTION 

The British Columbia Ministry of Transportation and Infrastructure (MoTI) is proposing a new Active 
Transportation (AT) overpass crossing over Highway 1 near University Way in the District of North 
Cowichan (Figure 1).  

The proposed AT overpass will connect either side of Highway 1. The current design developed by 
Mott MacDonald Canada Limited (MMCL) is a 311 m-long multi-use pathway (MUP). Starting from 
the intersection of University Way and Highway 1, the MUP extends southwestward over the highway 
and terminates right before the entrance leading to the Tim Hortons commercial property. The 
approach ramps are anticipated to have relatively short Cast In Place (CIP) spans at approximately 20 
m lengths. The proposed main span over Highway 1 is anticipated to be a pair of precast concrete box 
girders. At the time of writing this report MMCL has provided KCB with Issued for 100% Detailed 
Design drawings, they can be found in Appendix I.  

MoTI retained Klohn Crippen Berger Ltd. (KCB) to provide geotechnical engineering services for the 
construction of the overpass. KCB completed a geotechnical investigation at the proposed North 
Cowichan Overpass site to characterize subsurface conditions. Following the geotechnical 
investigation, KCB has performed design and analysis to provide geotechnical recommendations for 
overpass and MUP construction. The report summarizes the findings of the geotechnical 
investigations and provides geotechnical design recommendations for the proposed North Cowichan 
Active Transportation (AT) Overpass project. 

Figure 1.1 Proposed Project Location 
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2 SITE INVESTIGATION AND CHARACTERIZATION 

2.1 Desktop Study 

Before the site investigation, a desktop terrain analysis was undertaken to better understand the 
project’s local and regional surficial and bedrock geology.  

2.1.1 Surficial Geology 

A Surficial Geology map of Duncan, BC (GSC, 1965) covers the project area. It indicates that the site is 
covered with Salish Sediments that consist of shore, deltaic, and fluvial deposits such as gravel, sand, 
silt, and clay. Typically, these deposits are, on average, less than 1.5 m thick. Fluvial deltaic Capilano 
Sediments, such as gravel and sands, underlie the Salish Sediments. These deposits are commonly 
terraced. 

2.1.2 Bedrock Geology 

The North Cowichan AT Overpass is located on the southeast side of Vancouver Island, which is a part 
of the Georgia Basin.  The Nanaimo Group bedrock is the dominant bedrock in the area, consisting of 
upper cretaceous tertiary sedimentary rock (GSC 1966). The bedrock in this unit generally consists of 
boulder, cobble and pebble conglomerate, coarse to fine sandstone, siltstone, shale, and coal.  

2.1.3 Previous Investigation Information 

The following previous investigation information was made available to KCB and reviewed: 

▪ Lewkowicz Engineering Associates Ltd (2022) Geotechnical Assessment Final Design – 
Cowichan Secondary School Replacement 2003 University Way, Duncan, BC 

▪ Ryzuk Geotechnical Engineering & Materials Testing (2020) Proposed Secondary School 2003 
University Way – Duncan, BC 

▪ 5 Well Records from the Ground – Water Division, Water Investigation Branch, Department of 
Lands, Forests, and Water Resources, Vicotria B.C., Well Records from 1950 to 1972. 

▪ 1 Well Record from the B.C. Environment Water Management Division from 2004.  

2.2 KCB Geotechnical Investigation 

KCB’s geotechnical investigation program for the proposed AT overpass consists of three (3) 
boreholes and 1 downhole seismic survey in Duncan, BC. The three (3) boreholes were completed 
between January 22 to January 26 2024 with 5 day shifts and 1 night shift occurring between January 
25 to January 26, 2024. The downhole seismic survey was carried out on January 28, 2024, by Frontier 
Geoscience Inc. and consisted of the survey of one (1) borehole location. 

The site investigation was monitored by KCB’s geotechnical engineer who coordinated on-site 
activities, logged soil conditions encountered during drilling, conducted and monitored in situ testing, 
and collected soil samples for further analysis and laboratory analysis. Soil samples were logged in 
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accordance with ASTM D5434. Collected samples were transported to KCB’s laboratory in Vancouver, 
BC for geotechnical testing (KCB, 2024). Drill hole logs from KCB’s 2024 geotechnical investigation can 
be found in Appendix II. KCB’s data report (KCB 2024) should be referred to for additional details. 

2.3 Soil Conditions 

The soil descriptions provided in this report are based on commonly accepted methods of 
classification (more specifically, Modified Unified Soil Classification System from ASTM D2487 and 
MoTI logging standards) and identification employed in geotechnical practice. Classification and 
identification of soil involves judgment, and KCB does not guarantee descriptions as exact but infers 
accuracy to the extent that is common in current geotechnical practice. While the locations of 
stratigraphic boundaries indicated in the drill hole logs are inferred from soil recovered from sonic 
core and limited amount of soil laboratory testing, the location of these boundaries may not be exact. 
These boundaries may also represent transitions from one soil type to another and should not 
necessarily be regarded as the location of a precise or planar contact between different geological 
materials.  

2.3.1 Soil 

Data collected during KCB’s geotechnical investigation program and historic data at the adjacent 
Secondary School, indicate that a thin layer of surficial topsoil is underlain by sedimentary deposits 
that vary from sands and gravels to sandy silts and clay. Within the footprint of the proposed AT 
overpass, the bedrock surface was found to dip east to south-east with bedrock encountered 
approximately 30 m deeper at DH24-02 than at DH24-03. The dip direction of the bedrock within the 
proposed overpass footprint is opposite to what was observed at the Secondary School which 
indicates that the bedrock surface likely undulates throughout the area.  

Generalized descriptions of the primary soil units encountered during the investigation are 
summarized below.  

▪ UPPER SAND & GRAVEL – The composition of this unit varies but generally consists of well-
graded fine to coarse grained sand, fine to coarse grained gravels and occasional cobbles. This 
soil unit ranges in thickness from approximately 6 m to 10 m between the KCB drill holes. 

▪ INTERBEDDED SAND, SILT & CLAY – This soil unit transitions between deposits of fine to 
coarse grained sands and generally low to intermediate plastic silts and clays. Interbedded 
deposits are typically 0.3 m to 2.5 m thick with the soil unit. This soil unit ranges in thickness 
from approximately 5 m to 7 m between the KCB drill holes. 

▪ GRAVEL – This soil unit generally consists of well-graded fine to coarse grained gravel with 
trace to some sands and silts. Fines are low plastic. This soil unit ranges in thickness from 
approximately 1 m to 6 m between the KCB drill holes. 

▪ SILT & CLAY – This soil unit generally consists of low to high plastic silts and clays. Within this 
unit are thin layers (typically <0.5 m thick) of fine sands or gravels. This soil unit ranges in 
thickness from approximately 4 m to 7 m between the KCB drill holes. 
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▪ LOWER SAND & GRAVEL – This unit generally consists of poorly-graded fine to coarse grained 
sand and well-graded fine to coarse grained gravels. Some low plastic silt is present. This soil 
unit was only encountered in DH24-01 and DH24-02 and ranges in thickness from 
approximately 3 m to 9 m. 

▪ LOWER CLAY – This unit generally consists of intermediate to high plastic clay. There are 
zones of increased content of fine sand. This soil unit was primarily encountered in DH24-02. 
At DH24-02, the lower clay is approximately 17 m thick above bedrock. 

▪ MUDSTONE BEDROCK – The bedrock unit consists of fine clay particles. Approximately the 
upper 1 m bedrock surface is moderately weathered before transitioning to slightly 
weathered. Based on field assessments and unconfined compressive strength (UCS) tests, the 
mudstone has a Rock Strength range of R2 to R3. 

2.3.2 Groundwater 

Groundwater was identified at depths of approximately 0.3 m to 2 m below ground surface at each of 
the three KCB drill holes at the time of the investigation which is consistent with investigation 
findings at the adjacent Secondary School. However, the groundwater level is expected to fluctuate 
with seasonal variation in precipitation, and therefore the groundwater level could be higher or lower 
than currently recorded depending on overall precipitation patterns prior to construction. 
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3 DESIGN BASIS 

3.1.1 Design Code 

The project was designed using Canadian Highway Bridge Design Code S6-19 (CHBDC) published in 
2019 and BC Supplement to CHBDC S6-19. Section 4 (seismic design) of CHBDC includes Force-Based 
Design for a 2475-year return period earthquake, Performance-Based Design for 475-year, 975-year, 
and 2475-year return period earthquakes, and site classifications based on soil conditions. MoTI 
directed KCB to adopt the 6th Generation Seismic Hazard Model used by the National Building Code of 
Canada (NBCC) 2020 for seismic design. The seismic hazard model used in the NBCC 2020 considers 
crustal, in-slab, and interface (Cascadia subduction) earthquake sources for southwestern British 
Columbia. 

3.1.2 Bridge Category and Seismic Performance Criteria 

The North Cowichan AT Overpass is a multi-span bridge with an Importance Category of “Other 
Bridge” in accordance with CHBDC. The MoTI BC Supplement to CHDBC S6-19 requires minimum 
performance levels for the performance-based design of a multi-span structure with an importance 
category “Other Bridge” as summarized in Table 3.1.  

Table 3.1 Minimum Performance Levels Other Bridge (from Table 4.15 of CHBDC S6-19) 

ITEM EARTHQUAKE SERVICE DAMAGE LEVEL 

Other Bridge 
475-year Service Limited Repairable 

2475-year Life Safety Probable Replacement 

The general performance criteria for each performance level from the CHBDC S6-19 is summarized in 
Table 3.2 for Other Route Bridge.  

Table 3.2 Performance Criteria (excerpt from Table 4.16 CHBDC S6-19) 

SERVICE DAMAGE LEVEL 

Limited: The bridge shall be usable for emergency traffic and be 
repairable without requiring bridge closure. At least 50% of the 
lanes, but not less than one lane, shall remain operational. If 
damaged, normal service shall be restored within a month. 
Repair work shall restore the structure to meet the original 
design loading requirements. 

Repairable: The bridge may experience inelastic behaviour, but 
primary members shall be repairable in place. 

Life Safety: The bridge shall not collapse and it shall be possible 
to evacuate the bridge safely. 

Probable Replacement: Bridge spans shall remain in place but 
the bridge might be unusable and might have to be extensively 
repaired or replaced. 

 

3.1.3 Embankments and Retaining Walls Seismic Performance Criteria 

CHBDC S6-19 defines the approach embankment bridge interface zone is defined as defined as a 
minimum distance behind the abutment equal to the greater of: 

1) Twice the height of the embankment or retaining a horizontal distance behind an abutment 
defined by a 2H:1V plane projected up from the toe of the abutment head slope or wall  
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2) A horizontal distance of 20 m 

Per the BC Supplement to CHDBC S6-19, “Other Route” geotechnical systems shall have 50% of the 
travelled lanes, but not less than one, available for use following ground motions with a return period 
of at least 475 years. If damaged, normal service shall be restorable within one month. Additionally, 
“Other Route” geotechnical systems shall meet the life safety requirement of no collapse following 
ground motions with a return period of at least 2,475 years and it shall be possible to evacuate the 
bridge safely. 

Per the BC Supplement to CHDBC S6-19, “Other Route” geotechnical systems outside the bridge 
approach embankment interface zone shall have 50% of the travelled lanes, but not less than one, 
restorable for use within one month following the 475-year return period event. 

Additionally, per the request of MoTI, Highway 1 (which is a “Major Route”) shall not be impacted by 
seismic displacement of the AT Overpass approaches during the 475 year and 2,475 year return 
period earthquake events. Assessment of the performance of the existing Highway 1 embankments 
was not part of the project scope. 

3.1.4 Pathway and Overpass Settlement Criteria 

MoTI did not provide settlement criteria for the MUP or new overpass. The site is primarily underlain 
by coarse-grained soils that are not anticipated to experience significant long-term settlement. The 
coarse-grained soils are anticipated to behave elastically with settlement induced by increases in the 
grade expected to occur primarily during fill placement. The approach embankments are relatively 
low height and the overpass spans are supported by piles so the overall settlements experienced by 
the MUP and new overpass are expected to be minimal. 

Change in transverse grades shall be consistent with the criteria for pavement design and should be 
limited such that pavement drainage is maintained, ponding and sheeting of water are prevented, 
and the function of ditches is preserved. 
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4 GEOTECHNICAL DESIGN 

This section of the report summarizes geotechnical design and analysis completed by KCB for the 
North Cowichan AT Overpass Project. KCB’s primary design tasks for the project include: 

▪ Seismic Design Inputs 

▪ Liquefaction Assessment 

▪ Foundation Design 

▪ Embankment Stability Analysis 

▪ Recommendations for Construction 

4.1 Seismic Design Parameters 

Based on downhole shear wave measurements collected at drill hole DH24-02, the time averaged 
shear wave velocity to a depth of 30 m (Vs30) value is calculated to be 186 m/s which corresponds to 
Site Class D. Spectral accelerations corresponding to the 5% damped uniform hazard response 
spectrum (UHRS) for Site Class D are summarized in Table 4.1 for the 475 year and 2,475 year 
earthquakes. These parameters are based on the 6th Generation Seismic Hazard model and obtained 
using the Natural Resources Canada Seismic Hazard Calculator.  
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Table 4.1 Site Class D 5% Damped Spectral Acceleration – 475 Year and 2,475 Year Earthquakes 

Period (sec) 
Spectral Acceleration (g) 

475 Year 2,475 Year 

0.01 (PGA) 0.527 0.72 

0.05 0.676 0.958 

0.1 0.975 1.38 

0.2 1.16 1.62 

0.3 1.29 1.83 

0.5 1.24 1.81 

1 0.849 1.28 

2 0.483 0.815 

5 0.108 0.219 

10 0.0349 0.0755 

 

4.2 Liquefaction Assessment 

The liquefaction assessment was carried out in general accordance with Idriss and Boulanger (2008) 
methodology for drill holes completed during KCB’s geotechnical investigation as well as drill holes 
completed at the adjacent Secondary School. The factor of safety against liquefaction was calculated 
as the ratio between the cyclic resistance ratio (CRR) and the cyclic shear stress ratio (CSR) induced by 
the earthquake event as represented in Equation 1. CRR was derived from the equivalent clean-sand-
corrected SPT Blow counts (N1)60-cs based on SPT blow count data and laboratory fines content 
testing. 

FSLiq =  
CRR

CSR
                  (1) 

Factor of Safety against liquefaction (FSLiq) < 1.0 indicates liquefaction and full softening to the 
residual undrained shear strength, 1.0 ≤ FSLiq ≤ 1.3 indicates no liquefaction but excess pore water 
pressure is generated with an associated partial reduction of the initial drained strength and FSLiq > 
1.3 indicates no reduction in the drained strength.  

CSR was computed using Equation 2 below, where the peak shear stress (max) is obtained from peak 
ground acceleration (PGA) and the effective vertical stress (’vo). The magnitude scaling factor (MSF) 
was calculated for a range of earthquake magnitudes between 7 and 9. The overburden correction 
factor (K) is derived from (N1)60-cs.   

CSR = 0.65 
τmax

σ′
vo

 
1

MSF
 

1

Kσ
     (2) 

Widespread liquefaction of granular soil layers is anticipated for both the 475 year and 2475 year 
earthquakes. The results of the liquefaction assessment were not overly sensitive to changes in 
earthquake magnitude. Liquefiable granular soil layers generally extend from ground surface to 
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approximately 15 m depth below ground surface at the northwest quadrant of the site and extends 
deeper to approximately 30 m depth below ground surface at the southeast quadrant of the site. 
Within the liquefiable upper granular soil layer there are non-liquefiable lenses but these lenses are 
not continuous over the site nor do they represent a significant portion of the overall liquefiable soil 
layer thickness. Beneath the liquefiable granular soil layer are fine grain soils (silts and clays) that are 
not anticipated to liquefy but these soils are expected to experience to cyclic softening during both 
475 year and 2475 year events as indicated by FSLiq ≤ 1.0. Results from the liquefaction assessment 
are included in Appendix III. 

4.2.1 Liquefaction Induced Displacements 

The liquefaction analysis in the commercially available software Settle3 version 5.006 (RocScience 
Inc., 2020) was used to calculate ranges of liquefaction induced displacements for the 475 year and 
2475 year earthquakes. The software utilizes multiple methodologies for calculating both lateral 
spread displacements as well as the vertical settlement due to liquefaction.  

Elevated pore pressures and the induced shear strains in the liquefiable granular soils will result in 
post-seismic vertical settlements of the ground surface following the seismic event. Seismic induced 
post-liquefaction free-field settlement in the liquefiable granular soils are estimated to be 
approximately 50 cm for the 2,475 year event and approximately 30 cm for the 475 year event. The 
fine grain soils beneath the liquefiable granular soil layers are not anticipated to experience 
significant post-seismic vertical settlements. 

For lateral displacements, two calculation methods in Settle3 were considered using SPT data: 
Tokimatsu & Yoshimine (1983) and Shamato (1998). Simplified Newmark type analysis was also 
performed for comparison of estimated displacements in Settle3 and were found to be similar. The 
consequence of lateral ground displacements for deep liquefiable soils is mitigated by the restraining 
action of overlying soil. Liquefiable layers greater than 15 m (50 ft) deep, are not considered in the 
lateral spreading analysis (Caltrans, 2017). Cumulative lateral spread experienced at ground surface 
varies for 475-year and 2,475-year earthquake events as well as by location on site. Lateral spread 
displacement profiles to be used for design of piles on the east and west side of Highway 1 for 475-
year and 2,475-year earthquakes are shown in Figure 4.1. The profiles assume maximum lateral 
displacement occurs at ground surface and linearly reduces to 0 cm displacement at 15 m depth 
below ground surface.  
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Figure 4.1 Lateral Spread Displacement Profile 

 

The direction of lateral displacements will be governed by site topography. The overall site is 
relatively flat with the exception of a ditch that runs on the west side of Highway 1. Lateral 
displacements are anticipated to occur towards the ditch line. For structural modelling assessment of 
kinematic soil loading on piles, the anticipated direction of lateral displacements at each pile location 
was provided to MMCL as illustrated by red arrows in Figure 4.2. 
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Figure 4.2 Anticipated Direction of Lateral Displacement 

 

4.2.2 Liquefaction Issues and Mitigation Measures 

The primary geotechnical issues associated with liquefiable soils on site include: 

▪ Reduction of vertical and lateral capacity of the foundations; 

▪ Foundation yielding or failure due to lateral spreading; and 

▪ Seismic induced deformations of embankments. 

Typical measures to mitigate against liquefaction include ground densification using vibro-
replacement stone columns or deep dynamic compaction. These ground densification techniques are 
not considered practical at the North Cowichan AT Overpass due to the overpass arrangement of 
widely spaced bridge piers and limited space to existing highway, underground utilities and adjacent 
landowners.  

The following foundation strategy was adopted by the design team to mitigate the effects of 
liquefaction triggering.   

▪ Install steel pipe piles to depth below the liquefiable layers to increase the vertical resistance 
of the foundation; and 
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▪ Place reinforced concrete infill in the upper portion of the pile to accommodate the lateral 
displacement in the piles without losing the structural vertical resistance.  

4.3 Pile Design 

Based on MMCL’s 100% Detailed Design Drawings (dated September 27, 2024) the proposed North 
Cowichan AT Overpass will be supported by a total of thirteen (13) 914 mm diameter, 19 mm thick 
wall open-end steel pipe piles with reinforced concrete infill to full depth. The northeast ramp is 
supported by one (1) abutment pile and six (6) pier piles. The southwest ramp is supported by one (1) 
abutment pile and five (5) pier piles. There are two (2) staircases located on either side of the 
highway near the main span over the highway. One staircase is located on the southeast side of the 
highway near piers P4 and P5 while the other staircase is located on the northeast side of the 
highway near piers P6 and P7. Both staircases will be supported by three (3) 610 mm diameter, 12.7 
mm open-end steel pipe piles with reinforced concrete infill for the top 15 m. A layout of the AT 
Overpass pile locations (taken from MMCL, 2024) and approximate drill hole locations is illustrated in 
Figure 4.3. 

Figure 4.3 North Cowichan Abutment and Pier Pile Layout 

 
 
Three (3) boreholes were completed that cover the site area. Based on these boreholes, similar soil 
units are encountered over the site but the thicknesses range considerably between boreholes. 
Additionally, the depth to bedrock is considerably deeper on the northeast side of site (near DH24-
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02) compared to the southwest side of site (near DH24-03). Three (3) soil columns were developed 
for pile design based on the drilling investigation data: one 30 m soil column for the piles on the 
southwest side of the highway, a second for a 40 m soil column for the southeast side of the highway, 
and a third 54 m soil column for the piles north side of the highway. The soil column that applies to 
each pile location is summarized in Table 4.2. 

Table 4.2 Soil Columns by Pile Location 

Location Pile No. Applicable Soil Column 

West Abutment A0 30 m SW Column 

Pier 1 P1 30 m SW Column 

Pier 2 P2 30 m SW Column 

Pier 3 P3 40 m SE Column 

Pier 4 P4 40 m SE Column 

Pier 5 P5 40 m SE Column 

Pier 6 P6 54 m N Column 

Pier 7 P7 54 m N Column 

Pier 8 P8 54 m N Column 

Pier 9 P9 54 m N Column 

Pier 10 P10 54 m N Column 

Pier 11 P11 54 m N Column 

East Abutment A12 54 m N Column 

West Stair S0 40 m SE Column 

West Stair S1 40 m SE Column 

West Stair S2 40 m SE Column 

East Stair S3 54 m N Column 

East Stair S4 54 m N Column 

East Stair S5 54 m N Column 

 

Soil strength parameters for static, non-liquefied conditions were based on the drill hole logs, SPT 
data and laboratory tests obtained at site. Post-liquefaction soil strength parameters for liquefiable 
soil layers were calculated following Idriss and Boulanger (2008) for residual shear strength ratio 

(Sr/’vc). For soil layers which were not predicted to liquefy (FSLiq ≤ 1.0) but FSLiq ≤ 1.3, a reduction 
of approximately 30% was applied to the material’s full strength friction angle to account for excess 
pore water pressures generated and the associated partial reduction of the initial drained strength. 
Soil parameters considered for both axial and lateral pile analyses for the three (3) soil columns 
developed are summarized in Table 4.3 to Table 4.5. 

Table 4.3 30 m Southwest Soil Column Parameters for Pile Design 

Depth (m) Thickness 
(m) 

Soil Description 
Unit 

Weight 
(kN/m3) 

Full Strength 
Friction 
Angle (°) 

Post-Liquefaction 
Soil Strength 

Friction 
Angle (°) 

Sr/’vc 
from to 

0 6 6 SAND and GRAVEL 18 33 - 0.1 
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Depth (m) Thickness 
(m) 

Soil Description 
Unit 

Weight 
(kN/m3) 

Full Strength 
Friction 
Angle (°) 

Post-Liquefaction 
Soil Strength 

Friction 
Angle (°) 

Sr/’vc 
from to 

6 10.5 4.5 SAND and SILT 18 30 - 0.1 

10.5 16.5 6 SAND and GRAVEL 19 33 - 0.1 

16.5 20 3.5 ORGANIC CLAY/SILT 17 27 22 - 

20 22.5 2.5 CLAY/SILT 17 27 22 -  

22.5 26 3.5 SAND and GRAVEL 18 30 - 0.2 

26 30 4 CLAY/SILT 17 27 22 - 

30 35 5 MUDSTONE 20 351 35 - 

Note: 1. Friction angle considered for lateral pile analysis only. Undrained shear strength of 5 MPa considered 
for axial pile capacity calculations based on UCS test results. 

Table 4.4 40 m Southeast Soil Column Parameters for Pile Design 

Depth (m) Thickness 
(m) 

Soil Description 
Unit 

Weight 
(kN/m3) 

Full Strength 
Friction 
Angle (°) 

Post-Liquefaction 
Soil Strength 

Friction 
Angle (°) 

Sr/’vc 
from to 

0 8 8 SAND and GRAVEL 19 33 - 0.2 

8 18.5 10.5 SAND and SILT 18 30 - 0.1 

18.5 22 3.5 ORGANIC CLAY 16 27 22 - 

22 29 7 SAND some silt/SAND and GRAVEL 18 30 - 0.2 

29 40 11 CLAY/SILT 17 27 22 - 

40 45 5 MUDSTONE 20 351 35 - 

Note: 1. Friction angle considered for lateral pile analysis only. Undrained shear strength of 5 MPa considered 
for axial pile capacity calculations based on UCS test results. 

Table 4.5 54 m North Soil Column Parameters for Pile Design 

Depth (m) 
Thickness 

(m) 
Soil Description 

Unit 
Weight 
(kN/m3) 

Full Strength 
Friction 
Angle (°) 

Post-Liquefaction 
Soil Strength 

Friction 
Angle 

(°) 
Sr/’vc from to 

0 10 10 SAND and GRAVEL 19 33 - 0.2 

10 20.5 10.5 SILTY SAND 18 30 - 0.1 

20.5 24 3.5 ORGANIC CLAY 17 27 22 - 

24 33 9 SAND some silt/SAND and GRAVEL 18 30 - 0.2 

33 36 3 SILT/CLAY 17 27 22 - 

36 38 2 GRAVELLY SAND/SILTY SAND 18 30 - 0.2 

38 53.5 12 SILT/CLAY 17 27 22 - 

53.5 54 0.5 MUDSTONE 20 351 35 - 
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Note: 1. Friction angle considered for lateral pile analysis only. Undrained shear strength of 5 MPa considered 
for axial pile capacity calculations based on UCS test results. 

4.3.1 Axial Pile Capacity 

Factored axial pile loads for different ultimate limit state (ULS) cases were provided by MMCL’s 
Structural Engineers for the pier, abutment and stair piles as summarized below. 

▪ Pier Pile ULS Compression Load:   2146 kN 

▪ Pier Pile ULS Seismic Compression Load:  1862 kN 

▪ Abutment Pile ULS Compression Load:  797 kN 

▪ Stair Pile ULS Compression Load:   402 kN 

▪ Stair Pile ULS Seismic Compression Load: 713 kN 

▪ Stair Pile ULS Seismic Tension Load:  409 kN 

Geotechnical capacities were calculated for piles under static, non-liquefied ground conditions and 
for post-seismic event where soils liquefy. The geotechnical resistance factors considered for axial 
pile capacity are summarized in Table 4.6 per CHBDC S6-19 and the BC Supplement to S6-19 for 
Typical Degree of Understanding and Typical Consequence Level (Consequence Factor (Ψ) of 1.0). 

Table 4.6 Geotechnical Resistance Factors, gu 

Degree of 
Understanding 

System Limit State Static gu Seismic gu 

Typical Deep Foundations Compression 0.4 0.6 

Typical Deep Foundations Tension 0.3 0.5 
 

The computer program APILE (Ensoft 2015) was used to assess the axial pile resistances for the AT 
overpass piles. The program computes total skin friction, end-bearing resistance, and ultimate axial 
resistance. Computation methods for pile resistance considered in the model were API 
Recommended Practice 2A-LRFD (API, 2010) and FHWA (Federal Highway Administration) for driven 
piles (FHWA, 2006). The FHWA method resulted in lower calculated axial resistance values than the 
API RP 2A method; the FHWA method was considered appropriate for design.  

Ultimate (unfactored) axial resistance plots considering liquefied and non-liquefied soil conditions for 
the three (3) soil columns developed for the 914 mm diameter open-end steel pipe pier and 
abutment piles can be found Appendix III. Ultimate (unfactored) axial resistance plots considering 
liquefied and non-liquefied soil conditions for the two (2) soil columns developed for the 610 mm 
diameter open-end steel staircase piles can also be found Appendix III. The plots presented in 
Appendix III only include axial pile resistance through overburden soils, the axial capacity once 
bedrock is encountered has not been included on the plots due to the variability of bedrock depth. 
Once bedrock is encountered, the axial pile resistance will sharply increase as the pile is driven into 
the bedrock surface. We anticipate that the bedrock will contribute an ultimate axial resistance of 
approximately 6,000 kN for 914 mm piles and approximately 4,000 kN for 610 mm piles, primarily in 
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end bearing, within the first 0.5 m of penetration into the rock for both liquefied and non-liquefied 
soil conditions.  

Based on the factored pile loads and computed factored geotechnical axial resistance, all piles are 
recommended to be installed to bedrock to develop sufficient resistance for both liquefied and non-
liquefied conditions. Bedrock depths at the different pile locations were estimated by interpolation 
between drill holes across the site using Settle3’s ‘Non-Horizontal Layers’ option. In Settle3, five 
surface interpolation methods were considered with the lowest interpreted bedrock elevation 
selected due to the high degree of variability between boreholes. Additionally, a 3 m bedrock depth 
increase was included at each pile location as the bedrock surface is known to undulate considerably 
in the area. A summary of the anticipated pile tip elevations for the 914 mm diameter open-end steel 
pipe piles supporting the overpass and 610 mm diameter open-end steel pipe piles supporting the 
stairs are included in Table 4.7. 

Table 4.7 Abutment and Pier Pile Tip Elevations 

Location Pile No. 
Anticipated Pile Tip 

Elevation (m) 

West Abutment A0 -22 

Pier 1 P1 -20 

Pier 2 P2 -21 

Pier 3 P3 -23 

Pier 4 P4 -26 

Pier 5 P5 -31 

Pier 6 P6 -43 

Pier 7 P7 -45 

Pier 8 P8 -45 

Pier 9 P9 -39 

Pier 10 P10 -35 

Pier 11 P11 -35 

East Abutment A12 -35 

West Stair S0 -30 

West Stair S1 -30 

West Stair S2 -30 

East Stair S3 -45 

East Stair S4 -45 

East Stair S5 -45 

 

Pile Downdrag 

Rollins (2018) indicates that downdrag loads imparted on a pile due to post-liquefaction 
reconsolidation are equal to approximately 50% of the positive skin friction in the layer prior to 
liquefaction. Based on this, the anticipated downdrag loads due to post-liquefaction consolidation for 
each overpass pile location are summarized in Table 4.8. 
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Table 4.8 Pile Downdrag Loads 

Location Pile No. Downdrag Loads (kN) 

West Abutment A0 650 

Pier 1 P1 550 

Pier 2 P2 600 

Pier 3 P3 650 

Pier 4 P4 800 

Pier 5 P5 1150 

Pier 6 P6 2000 

Pier 7 P7 2200 

Pier 8 P8 2200 

Pier 9 P9 1750 

Pier 10 P10 1400 

Pier 11 P11 1400 

East Abutment A12 1400 
West Stair S0 650 

West Stair S1 650 

West Stair S2 650 

East Stair S3 1400 

East Stair S4 1400 

East Stair S5 1400 

 

Per the BC MoTI Supplement to S6-19 Section 6.14.6.3, the factored axial resistance in the post-
liquefaction condition shall be greater than the combination of downdrag loads, unfactored dead 
load and accompanying live loads. All piles will be driven to termination in bedrock so piles have 
sufficient geotechnical capacity for the combination of downdrag loads, unfactored dead load and 
accompanying live loads. MMCL to confirm that piles have adequate structural capacity to 
accommodate he combination of downdrag loads, unfactored dead load and accompanying live 
loads. 

4.3.2 Lateral Pile Response 

The computer program LPILE (Ensoft 2016) was used to develop non-linear soil springs (P-Y curves) 
for use in structural analysis of the pile foundations. P-Y curves provide a non-linear relationship of 
the lateral soil reaction mobilized (P) during lateral pile displacement (Y).  

P-Y curves for the pier, abutment and staircase piles were provided to MMCL’s Structural Engineer for 
incorporation into the structural model. P-Y curves were calculated at 1 m depth intervals for the 914 
mm diameter pier and abutment piles for full-strength soil parameters and post-liquefaction, 
reduced-strength soil parameters. As discussed in Section 4.3, three (3) soil columns were developed 
for the analysis of the overpass piles. The applicable soil column used to develop P-Y curves at each 
pile location is summarized in Table 4.2 in Section 4.3. P-Y curves for the smaller 610 mm diameter 
staircase piles were obtained by applying a reduction factor to the 914 mm diameter pile P-Y springs. 
For the staircase piles the following soil springs are recommended: 
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▪ 54 m Soil Column → Northeast side staircase with a reduction factor of 0.667 to convert the 
914 mm diameter pile P-Y curves to 610 mm diameter piles. 

▪ 40 m Soil Column → Southwest side staircase with a reduction factor of 0.667 to convert the 
914 mm diameter pile P-Y curves to 610 mm diameter piles. 

P-Y curves for the three (3) soil columns for full-strength soil parameters and post-liquefaction, 
reduced-strength soil parameters can be found in Appendix IV. 

No group reduction factors are applied to the non-linear soil springs as the pile foundations for the 
overpass are widely spaced and do not experience group interactions.  

MMCL developed a structural model that incorporated the P-Y curves. The structural model was used 
to design pile reinforcement to accommodate static and seismic load cases including the effects of 
kinematic soil loads.  

4.4 Slope Stability Analysis 

Slope stability analysis was performed on the overpass abutments using 100% Detailed Design 
drawings prepared by MMCL. The drawings show that the west abutment mechanically stabilized 
earth (MSE) wall will be a maximum height of approximately 3.3 m above existing grade while the 
east abutment MSE wall will be a maximum of approximately 1.8 m. The west abutment MSE wall 
curves with the pathway but the longitudinal stability section analyzed considered a straight section 
through the centerline of the abutment. 

4.4.1 Stability Requirements 

A minimum factor of safety (FOS) of 1.54 should be attained for global stability of embankments 
under static conditions assuming a typical degree of understanding per Table 6.2b in the BC 
Supplement to the CSA-S6-19 CHBDC. 

BC Supplement CHBDC S6-19 stipulates seismic performance levels for retaining walls and approach 
embankments. The performance level is a pseudo-static FOS greater than of 1.3 using a horizontal 
seismic coefficient between 50% and 100% of the site adjusted Peak Ground Acceleration (PGA). 
Newmark-type analysis is required for pseudo-static analysis with a FOS of less than 1.3 to estimate 
seismic deformations. Permanent seismic deformations may be ignored when the pseudo-static 
stability analysis indicates FOS greater than of 1.3. 

Retaining walls and approach embankments shall not collapse following 2,475-year return period 
earthquake and shall be possible to evacuate the bridge safely. Additionally, 50% of travel lanes, but 
not less than one, should be available for use on the overpass following 475-year return period 
earthquake.  

4.4.2 Analysis Methodology 

GeoStudio 2023.1.2 Slope/W (GEOSLOPE 2023) software was used to analyze limit equilibrium global 
stability failure surfaces using the Morgenstern-Price analysis method, which solves for both force 
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and moment equilibrium. Soil parameters prior to a seismic event are summarized in Table 4.9, while 
post-seismic event reduced strength soil parameters are summarized in Table 4.10. Soil parameters 
prior to a seismic event considered friction angles only for drained conditions. Simplified soil 
stratigraphies were developed for the slope stability models from interpretation of the three (3) soil 
columns presented in Table 4.3 to Table 4.5. Soil layers below approximately 20 m beneath ground 
surface were excluded in slope stability models as they are not anticipated to affect embankment 
stability. Groundwater level was taken at 1 m below existing ground surface in the stability models; 
see Section 4.6 for discussion on climate change considerations on groundwater level. 

Table 4.9 Slope/W Soil Parameters Prior to Seismic Event 

Soil Unit Material Model Unit Weight (kN/m3) Friction Angle φ (°) 

Sand & Gravel Mohr-Coulomb 19 33 

Upper Sand, Gravel & Silt Mohr-Coulomb 18 30 

Clay Mohr-Coulomb 17 27 

Lower Sand, Gravel & Silt Mohr-Coulomb 18 30 

MSE Wall High Strength 21 - 

Table 4.10 Slope/W Soil Parameters for Post-Seismic Event 

Soil Unit Material Model Unit Weight (kN/m3) Friction Angle φ (°) Tau/Sigma Ratio 

Sand & Gravel SHANSEP 19 - 0.2 

Upper Sand, Gravel & Silt SHANSEP 18 - 0.1 

Clay Mohr-Coulomb 17 22 - 

Lower Sand, Gravel & Silt SHANSEP 18 - 0.2 

MSE Wall High Strength 21 - - 

 
Pseudo-static stability analysis used a horizontal seismic coefficient equal to 50% of the PGA for both 
475 year and 2475 year earthquakes. For static stability only, a pedestrian traffic surcharge load of 4 
kPa was applied across the pathway.  

Slope stability analyses were performed for the overpass abutments for both transverse and 
longitudinal cross sections. For each cross section considered, four scenarios were considered in the 
stability analyses: 

Scenario 1 – Static conditions with full strength soil parameters. 

Scenario 2 – Pseudo-static conditions with full strength soil parameters. 

Scenario 3 – Pseudo-static conditions with reduced strength, liquefied soil parameters. 

Scenario 4 – Static conditions following seismic event with reduced strength, liquefied soil 
parameters. 
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4.4.3 Slope Stability Analyses Results 

Overpass abutment stability analysis results for the four scenarios considered are summarized in 
Table 4.11. Note that two FOS values are reported for Scenario 2 and 3 pseudo-static conditions; the 
first value is the 475-year earthquake FOS and the second value is the 2,475-year FOS. Outputs from 
the slope stability analyses are included in Appendix VI. 

Table 4.11 Overpass Abutment Stability Analysis Results 

Section Analyzed Scenario 1 FOS Scenario 2 FOS Scenario 3 FOS Scenario 4 FOS 

West Abutment Longitudinal 5.75 1.63 / 1.28 0.36 / 0.26 1.29 

West Abutment Transverse 3.45 1.71 / 1.34 0.52 / 0.41 1.12 

East Abutment Longitudinal 10.90 1.71 / 1.30 0.55 / 0.41 2.72 

East Abutment Transverse 6.61 1.79 / 1.38 0.56 / 0.42 2.13 

 

The stability analysis results indicate that static condition stability requirements are met for Scenario 
1 for both West and East Abutments. The FOS for the West Abutment for Scenario 4 is <1.54 
following the seismic event with reduced strength, liquefied soil parameters but soils will regain 
strength as excess pore pressures dissipate and the FOS will approach pre-seismic event Scenario 1 
values. The West Abutment Scenario 4 FOS is >1.0 so no further slope displacements are anticipated 
beyond the pseudo-static seismic displacement estimates provided in Table 4.12. 

For both abutments, pseudo-static analysis with full strength soil parameters (Scenario 2) indicates 
FOS > 1.3 but for liquefied soil conditions (Scenario 3) the FOS is <1.3 so Newmark analysis is required 
to estimate seismic deformations. 

Seismic displacement estimates considered reduced strength for the liquefied soil. Seismic 
displacements of the abutments were estimated using the methodology developed by Bray and 
Macedo (2019). Slope stability analyses were carried out to determine the yield acceleration of 
potential failure surfaces. The yield acceleration is the horizontal acceleration in the slope stability 
model required to produce a FOS of 1.0 under seismic loading. Using the yield acceleration, spectral 
accelerations, PGA, assumed average shear wave velocity of slide mass, and depth of slide mass 
(determined by Slope/W), seismic induced displacement estimates were calculated for the west and 
east abutment of the overpass. Spectral acceleration for the 475-year and 2,475-year return period 
earthquake were considered. Table 4.12 summarizes the estimated seismic induced displacement 
estimates for the 475-year and 2,475-year return period earthquake at different cross sections 
analyzed for the overpass abutment MSE walls. 

Table 4.12 Seismic Induced Abutment Displacement Estimates 

Section Analyzed 
Yield Acceleration 

(g) 
475-yr Return Period EQ 

Displacement (cm) 
2,475-yr Return Period EQ 

Displacement (cm) 

West Abutment Longitudinal 0.055 120 180 

West Abutment Transverse 0.07 70 120 

East Abutment Longitudinal 0.15 35 65 
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East Abutment Transverse 0.145 20 40 

 

The overpass structure is anticipated to be immediately passable by pedestrian traffic following the 
475-year earthquake. At each abutment, the MSE wall will be set back from the adjacent abutment 
pier with a sufficiently wide gap to accommodate the estimated seismic displacements without the 
MSE wall impacting the pier. An approach slab will span the gap between the MSE wall and abutment 
pier that is designed to allow for the anticipated movements. The abutment MSE walls are expected 
to move as a relatively rigid block due to the enclosed reinforced soil zone and is considered 
repairable following the 475-year earthquake.  

Higher displacements are estimated for the 2475-year earthquake that would likely result in 
increased damage to the abutment MSE walls, particularly the west abutment. The separation 
between MSE wall and abutment pier is considered sufficient to accommodate the estimated seismic 
displacements without the MSE wall impacting the pier and the approach slab spanning the gap will 
allow safe evacuation from the overpass. The east abutment will likely be repairable in place 
following the 2475-year earthquake but the west abutment is expected to experience extensive 
damage and require replacement. 

There is sufficient separation between the overpass abutment MSE walls and Highway 1 that the 
estimated seismic displacements of the MSE walls will not impact the highway. 

4.5 Frost Penetration 

The freezing index for the Cowichan Valley area is approximately 20 degree-days °C. Correlation of 
the freezing index with depth of frost penetration indicates a normal frost penetration of less than 
300 mm. For frost protection and minimum cover requirements, we recommend that all footings, if 
required for retaining walls or other structures, be founded below 500 mm depth. 

4.6 Climate Change Considerations 

MoTI requires an assessment of the vulnerability of embankments with respect to increased 
groundwater flow as a results of climate change.  

For static design, the slope stability assessment of the overpass abutments, the static, non-liquefied 
soil condition FOS for both abutments is sufficiently high that the groundwater level can increase by 
multiple meters and still results in FOS far greater than the required 1.54. 

For seismic design, the liquefaction assessment already conservatively considered groundwater level 
at ground surface, so the findings of the liquefaction assessment are not sensitive to an increase in 
groundwater elevation. Seismic slope stability FOS decreases, and consequently higher seismic slope 
deformations are calculated, when considering increased groundwater levels but the groundwater 
level is not anticipated to increase significantly due to the inland location of the site and ditches along 
Highway 1 which help control groundwater level. 
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5 GENERAL RECOMMENDATIONS 

5.1 Pathway Design, Subgrade Preparation and Construction 

The exposed subgrade should be prepared to provide support for the overlying fills for the east and 
west approach embankments. The site preparation procedure should comprise the following: 

▪ Removal of organic material and subgrade that is soft, lose or wet when in native subgrade. 
Any topsoil should be stockpiled for re-use on the project, including dressing final slopes. 

▪ Proof roll granular subgrade and inspect the subgrade surface to identify soft or loosened 
areas. 

▪ Any soft areas should be removed and replaced with a suitable subgrade fill. Subgrade 
construction shall be in accordance with the material, placement and compaction 
requirements of Section 201.37 (earth embankment) of the 2020 Standard Specifications for 
Highway Construction, Ministry of Transportation and Infrastructure. The Geotechnical 
Engineer should review the depth and extent of over-excavation during construction. Any 
questionable material encountered during grading should be brought to the attention of the 
Geotechnical Engineer.  

 Soft, high fines content or wet areas may require a geogrid or geotextile separator 
between native subgrade soils and overlying granular fill. The Geotechnical Engineer 
should review the need for geogrid or geotextile during construction. 

 Loose areas of cohesionless soils (sand to sand and gravel) can usually be improved with 
extra compaction and, if necessary, the addition of water. A Geotechnical Engineer should 
perform the inspection of loose granular areas. 

▪ Final grading of the subgrade and base course should include a suitable crown to direct 
drainage from the center to the outer edges of the pathway. 

5.2 Embankment Slopes 

Embankments shall consist of bridge end fill and earth embankment fill. Fill shall be in accordance 
with the material, placement and compaction requirements of Section 201.40 (bridge end fill) and 
201.37 (earth embankment) of the 2020 Standard Specifications for Highway Construction, Ministry 
of Transportation and Infrastructure. Permanent embankment fill slopes should be constructed with 
granular fill and sloped at 2H:1V, or flatter. 

5.3 Cut Slopes 

Minor permanent overburden cuts will be required to construct new ditches and swales. It is 
recommended to have the cut slopes in these areas be designed at 2H:1V. If areas with water 
seepage or loose granular soils are encountered during excavation, flatter cut slopes may be 
required. Flattening the slopes to 3H:1V will likely be sufficient in most cases. Where flattening of the 
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cut slopes to 3H:1V is not possible within MoTI property, the extent of the slope should be pushed to 
the property boundary to achieve the shallowest slope allowable.  

Temporary cut slopes may be required to facilitate overpass construction. Temporary cut slopes are 
the responsibility of the contractor and should be designed by a EGBC registered Geotechnical 
Engineer. The recommended maximum angle for a temporary cut slope with no observed seepage is 
1H:1V. At 1H:1V, the temporary excavation slope could be prone to surficial failures which may result 
in the slope ravelling to a shallower slope over time. Temporary soil cuts should be protected against 
excessive surface water runoff to prevent slope erosion. Additionally, temporary cut slopes should be 
avoided when weather forecasts call for extended periods of heavy precipitation. 

5.4 Re-use of Excavated Materials 

Relatively small volumes excavated material is anticipated to be generated from construction of the 
pathway and removal of soil within the piles to accommodate the concrete plug. Drill holes 
completed on the project generally encountered sand & gravel in the upper 5 m of the holes which 
could likely be re-used as general embankment fill only. None of the excavated materials are 
anticipated to be suitable for re-use as base course or retaining wall backfill.  

Excavated material classified as suitable for re-use by the Geotechnical Engineer and a qualified 
contaminated site professional should be handled and stored in a manner to prevent saturation, 
contamination by unsuitable soil sources or any form of deterioration. Materials deemed suitable for 
re-use during initial excavation may be later deemed unsuitable if not handled or stored in an 
appropriate manner. 

Although KCB has explored subsurface conditions as part of this program and conducted analytical 
laboratory testing of one sample obtained, KCB did not evaluate the site for the potential presence of 
contaminated soil as it was not within our scope. Characterization of soils for potential contamination 
was performed by another consultant engaged by MoTI.  

5.5 Swell and Shrinkage of Fill Materials 

The following preliminary swell/shrinkage factors are recommended for the earthwork volume 
calculations. These factors take account of the difference between the in-situ density and compacted 
density but do not allow for other factors such as loss of material due to wastage. 

▪ Cohesive soils 10% swell 

▪ Dense to very dense granular 0% swell 

▪ Loose to medium dense granular 10% shrinkage  

5.6 Pile Recommendations 

Based on soil conditions and anticipated foundation loads, driven steel pipe piles are considered 
suitable for foundations. The analyses presented herein are based on 914 mm diameter steel pipe 
piles driven open ended. Assuming ASTM A252 Grade 3 steel is used, KCB recommends a pile wall 
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thicknesses of 19 mm or thicker, as this pipe wall thickness will allow for the use of a greater variety 
of piling hammers without damaging the piles.  

Piles have been designed to be driven to practical refusal on bedrock. The thicker section steel (>19 
mm) will help prevent the piles from being damaged when driving into the bedrock surface. Drill 
holes indicate that the bedrock surface generally dips east to south-east. The sloped or uneven 
surface of the bedrock could cause piles to displace laterally when bedrock encountered. Lateral 
displacement when driving into bedrock should be monitored to avoid displacement beyond the 
specified limits on the drawings. 

Coarse granular soils were encountered at various depths during the investigation with cobbles up to 
100 mm in diameter observed during sonic drilling but these coarse soil layers were not widespread 
or very thick. These soils may result in difficult driving conditions but the piles are relatively large 
diameter and unlikely to hit early refusal on these limited layers of coarse granular soils.  

Due to the liquefaction depth anticipated at the site and the associated lateral soil spreading, the 
maximum pile tip elevation is the same as the anticipated tip elevation for both the East and West 
Abutment. If an obstruction is encountered during driving, resulting in early refusal of the pile, the 
obstruction would need to be drilled out and the pile re-driven assuming the pile is not damaged.  

Final pile hammer selection, damage criteria, and termination criteria should be developed using 
wave equation (WEAP) analyses, once a contractor is selected. The anticipated pile depth required to 
achieve the design resistance is based on assumed soil characteristics. Actual termination depths will 
depend on the pile driving behaviour.  

Concrete is required in the upper part of the pile for structural performance. The soil plug inside the 
pile will need to be excavated to the required elevation of the concrete. If the soil plug is below the 
required concrete level, the pile should be filled with granular soil, such as sand, to the required level 
for concrete. 

5.7 MSE Walls 

There will be MSE retaining walls at both the east and west abutments. KCB has assessed the global 
stability of the MSE retaining walls to determine the minimum geometry of the structures. 
Proprietary MSE wall systems will be designed by the supplier to meet internal stability requirements. 
The proprietary designer will be responsible for preparing signed and sealed shop drawings. The 
proprietary system selected must be on the MoTI Recognized Products List (MoTI, 2024) unless 
otherwise approved by MoTI.  

The recommended geotechnical parameters to be used by the proprietary designer are summarized 
in Table 5.1. 

Table 5.1 Recommended Geotechnical Parameters for MSE Wall Design 

Design Parameter Value 

Traffic Surcharge 4 kPa 
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Design Parameter Value 

Internal Angle of Friction – Retained Fill 35° 

Unit Weight – Retained Fill 19 kN/m3 

Internal Angle of Friction – Reinforced Fill 38° 

Unit Weight – Reinforced Fill 20 kN/m3 

Interface Friction Angle – Foundation on Native 21° 

Interface Friction Angle – Foundation on Granular Fill 30° 

475 Year PGA 0.527g 

2475 Year PGA 0.72g 

Allowable Bearing Capacity 200 kPa 

Minimum Reinforcement Length 0.7 x Height of Structure 

 

KCB understands that BC Hydro may construct a conduit duct bank adjacent to the west abutment 
MSE wall in the future but the final location of the future duct bank is not known at this time. The 
temporary excavation needed to construct the future duct bank could potentially undermine the MSE 
wall. A 1.5 Horizontal (H):1 Vertical (V) sloped excavation that daylights a minimum offset of 0.3 m 
from the face of the MSE wall is considered acceptable to maintain temporary stability of the MSE 
wall. If the duct bank will require a temporary excavation closer than this, a temporary shoring 
system may need to be installed to avoid negatively impacting the MSE wall.  Any temporary 
excavation or shoring should be designed and sealed by a registered Professional Engineer and 
reviewed by MoTI. 

5.8 Pavement Structure Recommendations 

The pavement structure recommended for the MUP embankments and approaches is summarized 
below: 

▪ 50 mm Thick Asphalt 
▪ 100 mm Thick 19 mm Granular Base Course 

5.9 Construction Induced Settlement and Vibration 

Pile driving can cause settlement; however, the settlement resulting from driven steel pipe piles is 
typically localized to the area immediately surrounding the pile. Local surficial movements on slopes 
or near excavation edges could be higher. During pile installation, existing roads and underground 
utilities in the vicinity of construction should be monitored for signs of movement, such as pavement 
cracking/distress. 

Driven pile installation also cause vibrations, particularly impact-driven methods. There are buildings 
in the vicinity of the proposed overpass and multiple utilities that cross through the project area 
which may be sensitive to construction vibrations. Most buildings and utilities are located sufficiently 
far from pile locations and are not anticipated to be a major concern for pile installation. However, 
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the building and utility owner(s) should provide maximum vibration criteria, and vibrations should be 
measured during construction activities. Pile installations should commence with the installed 
location furthest from the structure/utility of concern and the installation procedure modified if 
vibrations are projected to exceed the maximum vibration criterion. For pile driving, modifications 
may consist of reduced hammer energy at shallow pile depths or pre-drilling the upper portion of the 
piles. Vibrations imposed on utilities could be reduced by temporarily exposing the utility to limit soil 
contact and transfer of vibrations. 

5.10 Environmental Testing for Concrete Deterioration 

The proposed overpass will have MSE retaining walls in contact with native soil. The susceptibility to 
potential degradation with the use of type GUL cement for the structures is related to the amount of 
soluble sulphates contained in the native soil.  

The Ministry’s requirements for concrete deterioration (dated October 19, 2018), states that pH and 
sulphate content testing shall conform to applicable test methods as described in CSA A23.2-3B and 
T-04/13. Chemical testing for soil is to conform to CSA A23.2-3B and ASTM C1218. Representative soil 
samples were submitted to CARO Analytical Services (Caro) of Richmond, BC for concrete 
deterioration testing, in order to assess the corrosive potential to concrete. In accordance with CSA 
A23.1/A23.2, the degree of sulphate attack to concrete is below moderate degree of exposure for all 
proposed structures and drainage elements within the project limits. 
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6 CLOSING 

We trust this 100% Geotechnical Design Report meets your current requirements. Should you have 
any questions or concerns regarding this report, please do not hesitate to contact the undersigned. 

 

Yours truly, 

KLOHN CRIPPEN BERGER LTD. 
B.C. Permit to Practice No. 1000171  

 
 
 
 
 
 
 
Kayla Robinson, P.Eng. 
Geotechnical Engineer 
 
 
 
 
 
 
 
Chris Johnson, P.Eng. 
Geotechnical Engineer 
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APPENDIX I 

MMCL 100% Detailed Design Structural Drawings 
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APPENDIX II 

KCB Drill Hole Logs 
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APPENDIX III 

Liquefaction Assessment 
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APPENDIX IV 

Axial Pile Capacity Plots 
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APPENDIX V 

P-Y Soil Springs 
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APPENDIX VI 

Slope Stability Analysis Outputs 

 

 
 
 


