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As discussed in Section 9.2.5, the minimum length required for lateral fixity was determined to be 15 m for 

abutment piles and ranged from 16 m for the wing wall piles closest to the backwall, to 14 m for the center wing 

wall piles and 12 m for the wing wall furthest from the abutment backwall. 

 

9.2.8 Installation and Monitoring of Driven Steel Pipe Piles 

Qualified personnel must monitor pile installations to verify that the piles are installed in accordance with the 

design assumptions and that the driving criteria are met. For each pile, the inspector should record a complete 

driving record, including the number of blows per 250 mm of penetration, and the designer should review it during 

pile installation. Before pile installation, the piles and mill certificates should be inspected to confirm that all 

material specifications are satisfied. The piles should be free from protrusions, which could create voids in the 

surrounding soil during driving. Driving or cutting shoes, if used, must not protrude beyond the outside diameter of 

the pile. 

Steel piles should be driven open-ended using maximum hammer energies in the range of 450 to 600 J per blow 

for each square centimeter of steel in the pile cross section. Before driving production piles, the ability of a pile 

driving hammer to drive the proposed piles to the required compressive resistance should be assessed using 

wave equation analysis (e.g., GRLWEAP) once the contractor provides details regarding the proposed hammer 

energies and configurations. Once the hammers have been selected, the pile driving termination criteria, as 

determined by the contractor, and the criteria for practical refusal should be reviewed using wave equation 

analysis for the final design loads.  

Typically, the results of wave equation analyses are presented in a series of plots of a pile's compressive 

resistance versus the driving resistance for the various combinations of hammer types, hammer energies, and 

piles. These plots are typically used as a monitoring aid in driving production piles. 

WSP also recommends that PDA monitoring be undertaken during production piling to validate the resistance of 

the pile foundations. If PDA monitoring is undertaken, the understanding level for the pile foundations in 

compression can be increased from 0.35 to 0.5. 
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10.0 ROADWAY CONSTRUCTION 

Road construction work along Highway 37 in support of the Fan Creek culvert replacement will generally consist 

of widening the road by adding embankment fills to the outside of the existing road surface. At Fan Creek, a grade 

increase of up to 2 m will be necessary to accommodate the final design grade.  

Raising the road grade and minor widening of the highway at Fan Creek is proposed to take place between 

Station 101+04 at the southern limit of construction and Station 104+48 at the northern limit of construction. The 

highway earthworks will include ditches along the new fill embankment toes and a minor rock cut between 

Stations 101+04 and 102+00. Embankment fills along the new Fan Creek bridge approaches are anticipated to be 

up to 2 m above the existing road grade, with the edge of the embankment extending a few meters out from the 

existing shoulder. The new fill slopes are proposed to be constructed at slope angles of 2H:1V to 4H:1V along the 

L100 alignment. Near the bridge location, the new embankment slopes will spill against the angled wing walls and 

intersect the new rip-rip aligned channel slopes. The rock cut between Station 101+05 to 102+00 is proposed to 

consist of a cut slope of 1H:4V, with discussion of the rock cuts provided by MOT in their technical memorandum 

dated 9 July 2025. 

Geotechnical recommendations specific to the construction of the L100 alignment at Fan Creek are provided in 

the following sections. 

 

10.1 Stripping 

For design purposes, unless indicated otherwise, a minimum average stripping depth of 300 mm should be 

assumed at the base of the proposed fills. Additional areas such as existing ditches or other wet areas could 

require deeper stripping and/or sub-excavation if soft, wet, weakened and organic soils unsuitable for fill 

foundations are encountered. The geotechnical engineer or their representative should review all stripped 

foundation subgrades before fill placement to confirm that underlying soft, wet, weakened and organic soils have 

been appropriately removed, and that conditions are as anticipated in this report. 

 

10.2 Subgrade Preparation 

For the purposes of highway fill construction, the following subgrade preparation procedure is recommended: 

▪ Remove all unsuitable materials, such as loose fill, organic materials, stripping, and water-softened soils, from 

the subgrade surface. A geotechnical engineer should review all prepared subgrades prior to the placement 

of fill (and/or geotextile separators, where applicable) to confirm that unsuitable soils have been adequately 

removed.  

▪ Minimize disturbance of the subgrade by limiting vehicle and construction traffic over the prepared subgrade 

surface. If the subgrade surface is disturbed and becomes softened or rutted, disturbed soils must be 

removed and replaced with suitable fill. 

▪ Crown the subgrade to promote drainage by providing a minimum cross-fall of 2% as soon as possible 

following exposure. This will help minimize softening of any subgrade materials caused by surface water from 

precipitation events that occur following exposure of the subgrade.  
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10.3 Embankment Fill Construction 

The following general recommendations are provided for fill construction. 

▪ All fill foundation preparation, fill placement, and fill compaction operations should be observed by qualified 

geotechnical engineering field personnel to confirm that the construction complies with the recommendations 

in this report and SS2025. 

▪ Existing loose fill and organic materials should be removed from the outside face of the existing fill slopes and 

under the footprint of any new fills before placing new fill.  

▪ Embankment fills should be keyed into the existing road fills as per Section 201.36 of SS2025. No thin sliver 

fills should be placed on the outside of existing road fills to widen the road surface. 

▪ It is recommended that all embankment fills for highway construction consist of soil or rock having less than 

12% fines (particles passing 0.75 mm sieve). All embankment fills should be placed and compacted as per 

Sections 201.36 or 201.37 of SS2025.  

▪ Maximum fill slope angles are dictated by the type of fill material used and the subgrade on which the fill will 

be placed. For Fan Creek, it is recommended that a maximum fill slope of 2H:1V be used for embankments 

constructed of soil or rock having less than 12% fines (particles passing 0.075 mm sieve). Use of materials 

with greater than 12% fines is not recommended for this project, and such situations would need to be 

reviewed by a geotechnical engineer on a case-by-case basis. 

▪ Positive surface drainage away from the existing highway pavement structure must be maintained. Fill placed 

on the outside of an existing granular pavement structure (e.g. SGSB) should be free-draining granular 

material (having less than 5% passing 0.075 mm sieve) and extend a minimum 100 mm in elevation below 

the bottom of adjacent SGSB to not block internal drainage.  

▪ Drainage from under an embankment area should be directed to an exposed face of a ditch or a subdrain 

system, except for potentially unstable or erodible slopes with no armouring protection.  

▪ Fill slopes near the bridge abutment should be sloped in such a manner to promote drainage away from the 

wing walls and bridge abutment. 

 

10.4 Rock Cuts 

Minor rock cuts are proposed between Station 101+04 and Station 102+00 to facilitate widening of the highway at 

this location. MOT has provided commentary on the rock excavations in their memo dated 7 July 2025, as this 

work falls outside WSP’s scope. 

 

10.5 Geotextile and Biaxial Geogrid Specifications 

Non-woven geotextiles and geogrids may be required above loose subgrades or in soft or wet areas identified 

during the stripping and subgrade preparation. Non-woven geotextiles should meet the recommended 

specifications listed in Table 4. While subgrade conditions that would require subgrade stabilization and 

separation are not anticipated to be encountered in the Fan Creek area based on a review of conditions from the 
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nearby Revision Creek site and observations from the MOT test pitting investigation, there is the possibility that 

worse than expected conditions could be encountered given the uncertainty surrounding subsurface conditions at 

Fan Creek. If worse than expected subgrade conditions are encountered, WSP recommends using, at a 

minimum, a Class 2 geotextile as a separator between the subgrade and new embankment fills. 

Table 4: Non-Woven Geotextile Specifications 

Property Test Method Class 1 Class 2 

Material Type Non-Woven1 Non-Woven2 

Grab Tensile Strength2 ASTM D 4632 ≥ 1300 N ≥ 700 N 

Sewn Seam Strength2 ASTM D 4632 ≥ 810 N ≥ 630 N 

Teat Strength2 ASTM D 4533 ≥ 500 N ≥ 250 N 

Puncture Strength2 ASTM D 6241 ≥ 3700 N ≥ 1375 N 

Permittivity ASTM D 4491 ≥ 0.3 sec-1 ≥ 0.1 sec-1 

Apparent Opening Size3 ASTM D 4751 < 0.15 mm < 0.22 mm 

Recommended Application + 50 kg class riprap drainage layers 

subgrade separation 

- 50 kg class riprap 

Notes: 

1. Elongation > 50%, as per ASTM D 4632. 

2. Based on minimum average roll values (as per ASTM C 4759) in the weaker principal direction. 

3. Based on maximum average roll values. 

 

Where geogrid may be required for local subgrade improvement during construction (e.g. worse than expected 

subgrade conditions are encountered), the biaxial polypropylene geogrid should meet the recommended 

specifications provided in Table 5. 

Table 5: Biaxial Polypropylene Geogrid Specifications 

Property Test Method Class 2 

Tensile Strength @ 5% Strain, Machine Direction1 ASTM D 6637 ≥ 11.8 kN/m 

Tensile Strength @ 5% Strain, Cross Machine Direction1 ASTM D 6637 ≥ 18.8 kN/m 

Maximum Aperture Size  50 mm 

Minimum Aperture Size  15 mm 

Puncture Strength2 ASTM D 7748 ≥ 700 g-cm 

Roll Width  40 +/- 0.1 m 

Notes: 

1. Based on minimum average roll values (as per ASTM C 4759). 
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10.6 Pavement Structure 

The recommended pavement structure depends on the nature of the soil subgrade that will be encountered. 

Table 6 provides a recommended pavement structure for the new highway alignment, for two different subgrade 

conditions (Type A for well-drained granular subgrades, Type B for poorly drained and/or fine-grained subgrades). 

Table 6: Recommended Minimum Pavement Structure Thickness 

Subgrade Type Pavement 
Structure 

Asphalt (AP) Crushed Base 
Course 

SGSB 

Well Drained Granular Soils (sand 
and gravel <10% fines) 

A 125 mm 300 mm 300 mm 

Poorly Drained or Fine-Grained 
Soils (>10% fines) 

B 125 mm 300 mm 600 mm 

 

Based on subsurface conditions encountered at the nearby Revision Creek culvert crossing and observations 

from the MOT test pit investigation, the Type B structure is anticipated to be used where a new pavement 

structure is to be placed. The thinner Type A structure can be used where subgrade fill soils meet the gradation 

for SGSB, such as the bridge approaches, where bridge end fill will replace existing road fills. Additionally, where 

new pavement structures will abut existing pavement structures, the new SGSB thickness should match or 

exceed that of the existing structure to prevent hindrance to drainage. 

 

10.7 Waste Disposal 

The following procedures are recommended for siting and placing waste generated by the project that is deemed 

to be unsuitable or surplus material: 

▪ Waste materials should only be placed on slopes with a gradient of 10° (approx. 5.7H:1V) or less and should 

not be placed near the crests of other slopes where they could have a destabilizing influence. 

▪ Do not site waste areas within or near environmentally sensitive locations such as riparian zones (unless 

approved), seepage zones, or where the waste will cause water ponding or redirect drainage patterns 

(including ditches). 

▪ Waste materials should be placed with a maximum slope of 3H:1V and a maximum height of 3 m. The waste 

should be placed in lifts no more than 1 m thick and leveled with tracked equipment, as required. 

▪ Do not site waste piles adjacent to existing and proposed road fills, where practicable. Waste piles placed 

adjacent to road fills are often encountered during future road widening and upgrading projects, frequently 

leading to costly removal (and schedule delays) during construction. 

▪ Waste piles adjacent to road fills should not block drainage from existing fills and should be kept at least 1 m 

below existing or proposed road pavement structure subgrade and/or any other granular fills likely to transmit 

drainage. 
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▪ Contour the waste material to promote surface drainage. To maintain positive drainage from the fill surface 

while allowing for long-term settlement of the loosely placed fill, use a minimum of 10% cross-fall slopes to 

crown the waste material. 

▪ Use appropriate short-term measures, such as silt fencing, to control the off-site transport of fines in runoff. 

Maintain the short-term controls until effective long-term measures, such as vegetation cover, are established.  

Once the preferred location(s) for waste disposal have been chosen, WSP can provide additional review and 

recommendations for the specific siting of waste disposal areas. 
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11.0 LIMITATIONS AND CLOSURE 

Comments and recommendations presented herein are based on a geotechnical evaluation of the available 

information as noted. If conditions other than those reported are noted in subsequent phases of the project, WSP 

should be notified and be given the opportunity to review and revise the current comments and recommendations 

if necessary.  

This report has been prepared for the exclusive use of the British Columbia Ministry of Transportation and Transit 

for specific application to the area covered within this report. Any use which a third party makes of this report or 

any reliance on or decisions made based on it are the responsibility of such third parties. WSP accepts no 

responsibility for damages, if any, suffered by any third party as a result of decisions made or actions taken based 

on this report. It has been prepared in accordance with generally accepted soil and foundation engineering 

practices. No other warranty, expressed or implied, is made. 

The report is subject to the Limitations in APPENDIX A. 

If you have any questions concerning our geotechnical comments or require additional information, please do not 

hesitate to contact the undersigned. 

 

WSP Canada Inc. 

 

 

 

 

Craig Banks, P.Eng. Eric Mohlmann, P.Eng. 

Lead Geotechnical Engineer Principal Geotechnical Engineer 

 

CB/EM/asd 

https://wsponlinecan.sharepoint.com/sites/ca-ca0034434.2941/shared documents/06. deliverables/3.0_issued/ca0034434.2941-002-r-rev0/ca0034434.2941-002-r-rev0-fan creek report 

22jul_25.docx 
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IMPORTANT INFORMATION AND LIMITATIONS OF THIS REPORT 

Standard of Care: WSP Canada Inc. (WSP) has prepared this report in a manner consistent with that level of 
care and skill ordinarily exercised by members of the engineering and science professions currently practising 
under similar conditions in the jurisdiction in which the services are provided, subject to the time limits and 
physical constraints applicable to this report. No other warranty, expressed or implied is made.  

Basis and Use of the Report: This report has been prepared for the specific site, design objective, development 
and purpose described to WSP by the Client. The factual data, interpretations and recommendations pertain to a 
specific project as described in this report and are not applicable to any other project or site location. Any change 
of site conditions, purpose, development plans or if the project is not initiated within eighteen months of the date 
of the report may alter the validity of the report. WSP can not be responsible for use of this report, or portions 
thereof, unless WSP is requested to review and, if necessary, revise the report.  

The information, recommendations and opinions expressed in this report are for the sole benefit of the Client. No 
other party may use or rely on this report or any portion thereof without WSP’s express written consent. If the 
report was prepared to be included for a specific permit application process, then upon the reasonable request of 
the client, WSP may authorize in writing the use of this report by the regulatory agency as an Approved User for 
the specific and identified purpose of the applicable permit review process. Any other use of this report by others 
is prohibited and is without responsibility to WSP. The report, all plans, data, drawings and other documents as 
well as all electronic media prepared by WSP are considered its professional work product and shall remain the 
copyright property of WSP, who authorizes only the Client and Approved Users to make copies of the report, but 
only in such quantities as are reasonably necessary for the use of the report by those parties. The Client and 
Approved Users may not give, lend, sell, or otherwise make available the report or any portion thereof to any 
other party without the express written permission of WSP. The Client acknowledges that electronic media is 
susceptible to unauthorized modification, deterioration and incompatibility and therefore the Client cannot rely 
upon the electronic media versions of WSP’s report or other work products.  

The report is of a summary nature and is not intended to stand alone without reference to the instructions given to 
WSP by the Client, communications between WSP and the Client, and to any other reports prepared by WSP for 
the Client relative to the specific site described in the report. In order to properly understand the suggestions, 
recommendations and opinions expressed in this report, reference must be made to the whole of the report. WSP 
can not be responsible for use of portions of the report without reference to the entire report. 

Unless otherwise stated, the suggestions, recommendations and opinions given in this report are intended only 
for the guidance of the Client in the design of the specific project. The extent and detail of investigations, including 
the number of test holes, necessary to determine all of the relevant conditions which may affect construction costs 
would normally be greater than has been carried out for design purposes. Contractors bidding on, or undertaking 
the work, should rely on their own investigations, as well as their own interpretations of the factual data presented 
in the report, as to how subsurface conditions may affect their work, including but not limited to proposed 
construction techniques, schedule, safety and equipment capabilities.  

Soil, Rock and Groundwater Conditions: Classification and identification of soils, rocks, and geologic units 
have been based on commonly accepted methods employed in the practice of geotechnical engineering and 
related disciplines. Classification and identification of the type and condition of these materials or units involves 
judgment, and boundaries between different soil, rock or geologic types or units may be transitional rather than 
abrupt. Accordingly, WSP does not warrant or guarantee the exactness of the descriptions.  

Special risks occur whenever engineering or related disciplines are applied to identify subsurface conditions 
and even a comprehensive investigation, sampling and testing program may fail to detect all or certain 
subsurface conditions. The environmental, geologic, geotechnical, geochemical and hydrogeologic conditions 
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that WSP interprets to exist between and beyond sampling points may differ from those that actually exist. 
In addition to soil variability, fill of variable physical and chemical composition can be present over portions of the 
site or on adjacent properties. The professional services retained for this project include only the 
geotechnical aspects of the subsurface conditions at the site, unless otherwise specifically stated and 
identified in the report. The presence or implication(s) of possible surface and/or subsurface contamination 
resulting from previous activities or uses of the site and/or resulting from the introduction onto the site of materials 
from off-site sources are outside the terms of reference for this project and have not been investigated or 
addressed.  

Soil and groundwater conditions shown in the factual data and described in the report are the observed conditions 
at the time of their determination or measurement. Unless otherwise noted, those conditions form the basis of the 
recommendations in the report. Groundwater conditions may vary between and beyond reported locations and 
can be affected by annual, seasonal and meteorological conditions. The condition of the soil, rock and 
groundwater may be significantly altered by construction activities (traffic, excavation, groundwater level lowering, 
pile driving, blasting, etc.) on the site or on adjacent sites. Excavation may expose the soils to changes due to 
wetting, drying or frost. Unless otherwise indicated the soil must be protected from these changes during 
construction.  

Sample Disposal: WSP will dispose of all uncontaminated soil and/or rock samples 90 days following issue of 
this report or, upon written request of the Client, will store uncontaminated samples and materials at the Client’s 

expense. In the event that actual contaminated soils, fills or groundwater are encountered or are inferred to be 
present, all contaminated samples shall remain the property and responsibility of the Client for proper disposal.  

Follow-Up and Construction Services: All details of the design were not known at the time of submission of 
WSP’s report. WSP should be retained to review the final design, project plans and documents prior to 
construction, to confirm that they are consistent with the intent of WSP’s report. 

During construction, WSP should be retained to perform sufficient and timely observations of encountered 
conditions to confirm and document that the subsurface conditions do not materially differ from those interpreted 
conditions considered in the preparation of WSP’s report and to confirm and document that construction activities 
do not adversely affect the suggestions, recommendations and opinions contained in WSP’s report. Adequate 
field review, observation and testing during construction are necessary for WSP to be able to provide letters of 
assurance, in accordance with the requirements of many regulatory authorities. In cases where this 
recommendation is not followed, WSP’s responsibility is limited to interpreting accurately the information 

encountered at the borehole locations, at the time of their initial determination or measurement during the 
preparation of the Report.  

Changed Conditions and Drainage: Where conditions encountered at the site differ significantly from those 
anticipated in this report, either due to natural variability of subsurface conditions or construction activities, it is a 
condition of this report that WSP be notified of any changes and be provided with an opportunity to review or 
revise the recommendations within this report. Recognition of changed soil and rock conditions requires 
experience and it is recommended that WSP be employed to visit the site with sufficient frequency to detect if 
conditions have changed significantly.  

Drainage of subsurface water is commonly required either for temporary or permanent installations for the project. 
Improper design or construction of drainage or dewatering can have serious consequences. WSP takes no 
responsibility for the effects of drainage unless specifically involved in the detailed design and construction 
monitoring of the system.  
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1. Executive Summary 
The Red Flat Creek culvert, structure number 08790, is located 13km from Bell 2 along Highway 37 
North. The upstream (west) and downstream (east) slopes form approximately 3.4m and 3.7m high 
embankments, with slope gradients of roughly 3.6H:1V  and 9H:1V, respectively.  Highway 37 north 
at this location is a two-lane paved highway with 4.7m (east) and 5.1m (west) wide shoulders.  

As part of the design activities, a subsurface site investigation was undertaken on 2016 November 
21.  The subsurface investigation encountered dense to very dense sand and gravel. 

The scope of the proposed creek crossing improvements should be defined as part of the project 
design development. As requested for report purposes, the following discussions are included:  

 Replacement of the existing culvert; or 

 Provision of new bridge (sheetpile abutment); 

 Provision of erosion protection at culvert inlet and outlet areas; or, rip rap channel lining;  

 Associated construction e.g. excavations, embankments, etc. 

The following presents the findings of the subsurface exploration and briefly discusses some 
geotechnical excavation and foundation aspects, based on available information.  

The attached “Interpretation & Use of Study and Report” (Appendix A) contains instructions to 

readers and forms an integral part of this report and must be included with any copies of this report.   

2. Terms of Reference 
The geotechnical services would be provided under the As and When Geotechnical Services 
Agreement – Northern Region, Contract 860-CS-0934.  The exp Services Inc. (exp) proposal dated 
2016 October 25 outlined the work plan.   

The Ministry intends to carry out detailed design and documentation at a future date.   

3. Site Description / Record Information 
The Red Flat Creek culvert, is located 13km from Bell 2 along Highway 37 North. The upstream 
(west) and downstream (east) slopes form approximately 3.4m and 3.7m high embankments, with 
slope gradients of roughly 3.6H:1V and 9H:1V, respectively.  Highway 37 north at this location is a 
two-lane paved highway with 4.7m (east) and 5.1m (west) wide shoulders.  

It is understood that the embankment culvert crossing of Red Flat Creek would have been built many 
years ago.  There is little record information available about the details of the pre-existing slope and 
creek culvert. 
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Seismic Hazard 

It was understood that 1:475 year earthquake will be considered in the design of the culvert or bridge 
replacement.  Based on the NBCC 2015 Seismic Hazard Calculation from the interactive website 
maintained by the Geological Survey of Canada, the firm ground PGA value for 1:475 year 
earthquake is 0.022g. Based on the borehole logs, the site can be classified as site class C.  

4. Geotechnical Subsurface Characterizations  
Subsurface exploration was needed to assess the material types and subsoil strength profile 
including subgrade soil conditions type.  As the embankment was placed long ago, it is anticipated 
that local source materials were used for construction.   

4.1 Fieldwork  

The geotechnical exploration was conducted on 2016 November 21 and included: 

 Two auger holes (designated as AH16-01 and AH16-02) drilled using a truck-mounted auger 
rig; 

 Standard Penetration Testing (SPT) using an automatic trip hammer and split spoon sample.  

The machine auger holes were drilled to depths of about 9.1 to 10.7m.  The locations of the auger 
holes are shown on Test Hole Location Plan, Figure 1 in Appendix B.  Soil descriptions of each test 
hole advanced at the site are included in the test hole logs in Appendix C.  A Google Earth Area Plan 
and some site photos are provided in Appendix D. 

Upon completion of drilling, the auger holes were backfilled with the auger cuttings as per the 
groundwater protection regulations. The geotechnical exploration was supervised by a technician 
from exp, who located the test holes, logged the subsurface conditions and gathered soil samples, 
which were returned to exp’s laboratory for visual classification and moisture content measurements.   

The test holes indicated subsurface conditions only at the locations of test holes.  The precis ion of the 
subsurface condition information indicated depends on the methods used, frequency of sampling, and 
the uniformity of the subsurface conditions.  The spacing of the test holes, frequency of sampling, and 
the method of exploration have been selected to meet the needs of the project within constraints of 
the budget and schedule for geotechnical exploration purposes.   

4.2 Laboratory Testing 

The samples gathered were submitted for moisture content determinations.  The additional following 
tests were done: 

 One sieve analysis per ASTM C136, C117. 

Sample moisture and sieve results are shown on the testhole logs in Appendix C.  

4.3 Soil and Groundwater Conditions 

The test holes generally encountered the following soil types: 
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Unit F1 FILL ROAD BASE 

  - 0.9m thick 

Unit F2 FILL  SAND and GRAVEL 

  - trace to some silt 
- medium to coarse sand 
- sub-rounded to angular gravel 
- compact to dense 
- dark grey 
- encountered at 0.9 to 4.0m depth 

Unit A SAND, silty and SAND and GRAVEL 

  - trace to some silt 
- fine to coarse sand 
- sub-rounded to angular gravel, trace cobbles 
- dark grey 
- wet 
- encountered between 4.0 to 10.7m depth (end of testholes) 

At the time of drilling, no groundwater seepage was encountered, however the soils were wet below 
4m depth.   

Unit F1 Road Base 

The fill depths, based on drill logs, are estimated to be 0.9m deep in the vicinity of the culvert.  The 
upper materials would be placed for road embankment purposes.  The granular cover would likely be 
at least 1m thick over the culvert crown for construction purposes. 

Unit F2 Sand and Gravel 

Unit F2 granular soil was present at depths of about 0.9 up to 4.0m. These fill materials would have 
been placed for road embankment purposes. 

Unit A Silty Sand and Sand and Gravel 

The Unit A granular soil was present at depths of about 0.9-10.7m, most likely associated with creek 
fluvial deposits formed prior to construction of the roadway crossing.  

4.4 Site Inspection  

Key observations made during the 2016 November 21 site inspection: 

 Culvert diameter: 3.6m. 

 Slope angles of 6˚ (9H:1V) on the outlet slope and 16˚ (3.6H:1V) on the inlet slope.  

 The upstream slope and downstream slope are blanketed with 400mm minus riprap, with 
roughly 800mm boulders frequent on the upstream slope. 
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 Wood debris has accumulated on the upstream slope, with roughly 0.4m of sediment on the 
culvert inlet. 

 Much accumulation of creek bed load (silt, sand, and gravel) is situated downstream of the 
culvert inlet, with approximately 2.7m of sediments on the culvert outlet. 

5. Evaluation and Analysis 
5.1 General 

The test holes encountered road base and sand subgrade fill materials overlying compact to dense 
sand and gravel, layered with compact to dense silty sand. 

5.2 Sheet Pile Foundations  

The Beta (Canadian Engineering Foundation Manual, 4th edition) and the Lambda method (AASHTO 
2014) were used to calculate the ultimate axial resistance of steel piles.  Tables 5.1 below shows 
estimated ultimate resistance of sheet piles developed under abutment retaining wall effects, for 
preliminary design purposes.  

Table 5.1 Sheet Pile Axial Estimated Ultimate Capacity 

Pile Toe Depth 
Below Grade 

(m) 
Sheet pile Type 

Ultimate Axial 
Compressive 
Resistance 

(kN/m) 

Factored Axial 
Compressive 
Resistance 

(kN/m) 
9 PZ Section 400 to 500 160 to 200 
10 PZ Section 500 to 600 200 to 240 
9 high modulus 

section 500 to 600 200 to 240 

10 high modulus 
section 650 to 700 260 to 280 

Note: 

1. The bearing layer is considered to be the Unit A very dense silty SAND, and SAND and 
GRAVEL. 

2. Geotechnical resistance factor for compression and tension is 0.4 and 0.3 respectively. 
3. Pile surface area taken as 80% of the painted area; for PZ section painted area taken as 1.5 x 

wall area. 
4. Pile Toe Embedment taken at anticipated creek channel lining levels = 4m below grade.  
5. The high modulus section assumes some toe resistance (eg. combination of H-pile and 

sheetpile). 
6. Sheet pile abutment should be tiedback to deadmen or equivalent as wall height is near or 

greater than nominal limit for cantilever retaining walls. 

The Beta method is based on effective stress and coefficients for shaft and tip resistance.  The 
Lambda method is based on an analysis driven steel pile load tests and the method considers 
passive earth pressure, undrained soil strength and an empirical coefficient for shaft resistance.  The 
sheetpile method considered the pile shaft resistance developed on the passive side plus the 
resistance from the deeper embedment zones (due to the abutment retaining wall effect).  
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Pile depths are nominally indicated for abutment stability, however detailed design should consider 
relevant failure modes, wall deflections and pile depths for design loadings.  However, the shaft 
resistance may vary due to wall deflections which may influence passive earth pressures.   

5.3 Slope Stability  

The available subsurface exploration information, site reconnaissance, and records reviews provide a 
basis for future slope stability analyses of a proposed slope configuration.   The purpose would be to 
evaluate stability for typical culvert end configurations and provide inputs for culvert restoration design 
purposes.  

5.3.1 Culvert End Slopes 

The current assessments are based on estimates of drained strength in the Unit A granular subsoils 
and the following culvert end arrangements:  

 4 m high, vertical or near vertical wall, concrete faced and complete with geogrid 
reinforcement; 

 4 to 5m high, 2H:1V slope complete with rip rap lining. 

The above-noted slopes would be comprised of granular materials compacted to the Standard 
Specifications. 

Preliminary assessments indicated reasonably favourable stability for the above-noted slope 
alternatives.  

5.3.2 Stability Considerations 

The stability criteria F ≥ 1.5 would generally apply to slopes where failure would affect highway  
operation (e.g., failure causes lane closure).  It appears that the current configuration achieves 
acceptable stability. Detailed slope stability analyses using limit equilibrium methods (LEM) should be 
done for final design of embankment slopes for the proposed creek crossing.  

5.4 Settlement Estimates 

It is anticipated that post-construction settlements under superimposed pressures due to 
embankments on Unit A soil would be less than about 25mm total, with differential settlements of 
about half of the total.  

5.5 Source Materials / Disposal Areas 

It is understood that materials are available as follows:  

 granular fill –   Airstrip Pit located within about 20km of site; 

 riprap – Carls Corner Pit on Highway 37 about 40 to 50km from site. 
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A disposal area will be required to handle unsuitable materials, e.g., generally silt and clay, excavated 
on site for repair construction purposes.  The excavated soils should be mounded up and track-
mounted equipment used to compact material and slope / finish surfaces to promote surface water 
runoff.  Finished slopes should be no steeper than 3H:1V. 

Ministry Airstrip Pit - Granular 

It is considered that the pit run materials, containing less than 5 – 7% fines, would be suitable for 
granular slope fill and MSE backfills on the slope repairs.   

It is anticipated that road surfacing materials would be made to conform with current criteria for the 
class of road.   

Ministry Carls Corner Pit - Rip Rap  

It is understood material is generally available as follows: 

 300mm 

 600mm 

The above is taken to represent the approximate average particle dimension for design purposes.  It 
is recommended that filter materials be provided between the riprap layer and the subgrade.   

6. Conclusions and Recommendations 
6.1 General and Conceptual Aspects 

The exploration testholes on site generally encountered compact to dense sand and gravel.  It is 
considered feasible to restore embankment slopes using granular materials  complete with some 
appropriate reinforcement and for erosion protection.  Creek channel lining and side slope erosion 
protection is recommended at the culvert inlet and outlet areas. 

The scope of crossing improvements should be defined as part of the project design development. As 
requested for report purposes, the project includes: 

 Replacement of the existing culvert; or 

 Provision of new bridge (sheetpile abutment); 

 Provision of erosion protection at culvert inlet and outlet areas, or, rip rap channel lining; 

 Associated construction eg. excavations, embankments, etc.  

The following presents the subsurface exploration findings and provides discussion and preliminary 
geotechnical recommendations for bridge foundation, culvert installation and embankment slope 
restoration. 
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6.2 Sheet / Pile Abutment – Bridge Support Alternative 

It is anticipated that the bridge deck profile would match existing grade and could be in the order of 
4m above creek invert levels.  The bridge span has been taken as 6m to 8m, and the abutment 
loading is assumed to be in the range of 140 kN/m to 180 kN/m (factored load).  The bridge wing 
walls, abutment walls and channel inverts would be protected by rip rap lining.  

It is considered that driven steel sheetpile foundation could be used for a bridge support and 
abutment purposes.  For conceptual design purposes, pile capacity design may be taken as shown 
on Table 5.1. 

The pile depths may be in the order of 9 to 12m, depending on detailed design and axial pile 
settlement considerations.  For example, scour depth considerations should be included in detailed 
design.  Pile wall thickness and yield stress may be taken in order of 10 to 12.7mm and 310 MPa, 
respectively.  However, if bridge alternatives will be considered further, additional geotechnical design 
evaluation would be recommended.   

The detailed design analyses should involve soil-structure intersection considerations.  The pile 
bending, shear and buckling modes etc. will require structural evaluations.  The geotechnical 
evaluation would consider two principal designs, i.e. backfill/excavation retaining wall and axially 
loaded sheet pile capacities.   

Settlements  

The ground settlement behind the wall face is associated with excavation in front.  The magnitude 
and pattern of settlements may vary with wall flexibility, tiebacks, soil properties, etc., but to tal 
settlement may be in the range of 10mm to 40mm (wall height of 4m).  The ground settlement 
induces downdrag on the sheetpiles as the active and passive earth pressures develop behind and in 
front of the wall, respectively.  Accordingly, pile axial compressive resistance would be unavailable 
from the active zone behind the wall face.  

The sheetpile may settle in response to bridge loading.  However, it is anticipated that the shaft 
resistance may be generally mobilized with little movement.   

Sheet Pile Installation 

Pile driving methods may include driving hammers (probably vibratory hammers, subject to detailed 
design).  Guide works should be used for pile alignment control purposes.  Piles should be advanced 
in stages designed to avoid sheet pile interlock misalignment.  

Pile load testing might be considered for quality control purposes however it may be impractical to 
test a sheetpile in a final wall configuration. 

Test Piles and PDA Testing 

PDA testing is recommended, and may be used for sheet piles (foundation) under the following 
primary objectives: 

 Assess pile stresses and driving conditions for sheets within the wall arrangement or on a 
standalone sheet pile; 
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 Assess pile ultimate resistance on a standalone sheet pile only (avoids uncertainty about 
interlock interferences in test). 

Specific advice about test piles and PDA tests for design and construction purposes should be 
determined in detailed design.  

6.3 Lateral Earth Pressures – Bridge Abutment 
Lateral earth pressures for preliminary design of the bridge abutment placed within some bridge end 
fill may be taken as shown in Table 6.1. 

 

6.4 Shallow Footings and Sheet Pile Abutment – Bridge Support Alternative 

It is considered that a shallow footing foundation placed on structural fill behind a steel sheet pile 
abutment could be used for bridge support purposes provided that the footing is fully defended 
against scour and erosion failures.  For conceptual design purposes, footing bearing pressure may be 
taken in the range of 150kPa to 200kPa (factored resistance).  The foundation structural fill granular 
materials should be placed on the natural compact gravelly soils or on Unit A SAND and GRAVEL 
soils encountered at 3m to 4m below grade.   

The underside of the footings should be at least 1m below grade for confinement purposes.  The 
foundation fill materials should consist of free draining granular (clear gravel or equivalent), non-
susceptible to frost heave effects within 2 to 2.5m of the ground surfaces.  The footings should be 
setback behind a gradient line taken at 1:1 up from the bottom of the exposed abutment wall, or at 
least 1m setback to minimize foundation lateral pressure effects on the abutment wall.  

6.5 Culvert Bearing 

The allowable bearing pressure for preliminary design may be taken generally as follows:  

Table 6.1 – Preliminary Lateral Earth Pressures 

Component Value Units 
Earth Pressure:   
- Active 5 to 6 H kPa 
- At Rest 7 to 8 H kPa 

Traffic Surcharge (Uniform) 4.9 kPa 
Compaction (Uniform)  12 kPa 
Notes: 
1. H = Height of retained soil behind Abutment in metres. 
2. Hydrostatic pressure should be considered in detailed design. 
3. Active and At Rest pressures calculated for Ɣ = 20 kN/m3, Φ = 36˚.  
4. In order for active pressures to develop, a minimum lateral displacement of 0.1% of 

retained soil height is required.  Otherw ise use At Rest pressure. 
5. For distribution of active (or At Rest) and compaction pressures, see Table 6-3, 

CAN/CSA-S6-14. 
6. Lateral earth pressures due to frost penetration should be evaluated in detailed 

design. 
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Culvert Type Allowable Bearing Pressure 
(kPa) 

Closed Pipe 100 to 120  

Open, Plate Arch 70 to 100(1) 

(1) Allow 1m depth of cover for confinement and protection purposes.  

The above bearing is based on culvert bedding depths in the range of 0.5m, increased to about 0.7 to 
1m depth under footings or culvert “haunch/corner”.  

The Open, Plate Arch foundation would have to be protected against scour at the approach inlet and 
outlet as well as along the culvert barrel.  In general, scour resistant rip rap lining would be required in 
these areas.  “Fish gravel” may also be anticipated for fish passage purposes.  

It is anticipated that Closed Pipe culverts could be equipped with granular invert materials for fish 
passage purposes. 

Subgrade Preparation and Culvert Bedding 

Subgrade preparation should include the removal of any organic or loose materials.  The details of 
subgrade preparation should be made to suit culvert suppliers requirements.  In general, some sub-
excavation and provision of granular bedding is anticipated to depths in the range of 0.3m in order to 
suit culvert bearing details. 

Backfills 

The favourable performance of culverts depends on backfill details generally within one half to one 
diameter on each side of the culvert.  Granular materials similar to embankment fills should be placed 
and compacted in accordance with culvert supplier requirements.  Use of silt or clay backfill should be 
avoided unless culvert design has been done for cohesive backfills and strict quality controls will be 
done on backfill compaction at optimum moistures.  

6.6 Embankment Fill  

Structural fill required to re-instate slope grade under the roadway should consist of granular fill, 
placed on undisturbed soils after removal of any unsuitable materials and in accordance with Ministry 
Standard Specification.  For example, existing slope would be “terraced” to accept slope material, 

placed and compacted to Standard Specifications, SS 201. 

Granular fill required to raise grade may consist of well-graded, free-draining sand and gravel 
compacted to at least 95% of its Standard Proctor Maximum Dry Density.   

Based on the soils encountered in the auger drill holes, it is judged that most of the on-site soils will 
generally not be suitable for re-use as structural fills as they contain significant fines contents and/or 
poor gradation.  These soils are expected to be prone to poor workability,  especially under wet work 
conditions, and may prove difficult to compact.   
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6.7 Slope Considerations 

MSE Wall or Equivalent (4m high approx.)  

It is anticipated that toe wall could be achieved by the following:  

 Concrete block or equivalent wall facing and erosion protection; 

 Uniaxial geogrid, about 4m long back from the wall face; or gravity wall at least 1.5 to 2.3m wide 
at base for wall heights less than 3m; 

 Well-graded, 75 to 100mm minus sand and gravel (less than 5 – 7% fines) backfill compacted to 
95% Standard Proctor Maximum Dry Density. 

Embankment Slope (typical 1.75 to 2H:1V) (4m to 5m high) 

 Rip rap slope facing; 

 Well-graded, 75 to 100mm minus sand and gravel (less than 5 – 7% fines) backfill compacted to 
100% Standard Proctor Maximum Dry Density; 

 Granular fill zone to extend back from slope face distance equal to 80% of slope overall height, 
and not less than 2m wide. 

6.8 Excavation 

It is estimated that it would be practical to use conventional excavation equipment to excavate soils 
encountered in testholes at the site.  Based upon the testhole results, it is considered that 
excavations could be kept free of standing water using conventional pumping from sumps to facilitate 
excavation. 

Temporary excavation slopes should be sloped back or, alternatively, suitable support systems 
should be provided.  Sloped excavations at gradients of 1H:1V cut slopes in fill soils, to depths less 
than about 1.2m, and 2H:1V cut slopes in dense fill, to depths greater than 1.5 to 2m are 
recommended.  

6.9 Roadway and Drainage Reinstatements 

It is anticipated that granular materials would be taken from the Ministry pit.  The materials would be 
placed on stable slope subgrades after loose unsuitable materials have been removed, in accordance 
with Standard Specification.   

Finished roadway section and drainage would conform to local site conditions and standards for the 
pre-existing roadway.   

6.10 Erosion Protection Reinstatement 

Riprap erosion protection is recommended to reinstate channel lining and sideslope protection at the 
culvert inlet and outlet. 
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6.11 Trenchless Culvert Installations 

Further geotechnical evaluations are recommended if trenchless methods will be considered for this 
site. 

It is anticipated that trenchless methods would exclude tunnel methods, water jetting and may include 
“non-tunneling methods” like boring, jacking, combined jack and bore, directional drilling, etc.  Due to 

relatively thin granular cover over the existing culvert crown, it is anticipated that trenchless methods 
would be difficult and very costly, relative to conventional staged excavation and culvert 
constructions. 

6.12 Construction Temporary Works, Spoil Mounds 

Construction activities are expected to include on-site provisions, including the following: 

 temporary traffic detours, temporary creek crossings; 

 staged excavations and fill placements; 

 temporary cut slopes at 1.5H:1V above creek and 2H:1V at or below creek levels;  

 backfill placement to suit embankment specific criteria; 

 spoil mound, to permanently relocate unsuitable or excavated silty materials;  

 temporary siltation controls and creek diversion at culvert inlet area and slope reinstatement 
area.  

7. Final Design and Field Reviews 
It is anticipated that final design activities will include: 

 Review of project specific drawings to ensure geotechnical information is consistent with 
design; 

 Foundations and subgrade preparation design to suit selected structures; 

 Pile driving tests, on foundation piles, including driving prototype piles or equivalent (e.g. 
Becker hammer penetration testing) to evaluate pile installation considerations including 
driving difficulty and pile bearing capacity; 

 Slope stability for embankment and culvert ends; 

 Settlement analysis; 

 Pavement design, if applicable. 

It is anticipated that field reviews would be undertaken during construction to confirm subgrade 
acceptable for design purposes.  
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Appendix A 
Interpretation & Use of Study and Report  



 

INTERPRETATION & USE OF STUDY AND REPORT 

 
1. STANDARD OF CARE 
 
This study and Report have been prepared in accordance with generally accepted engineering consulting practices in this area.  No other warranty, 
expressed or implied, is made.  Engineering studies and reports do not include environmental consulting unless specifically stated in the engineering 
report. 
 
2. COMPLETE REPORT 
 
All documents, records, data and files, whether electronic or otherwise, generated as part of this assignment are a part of the Report which is of a 
summary nature and is not intended to stand alone without reference to the instructions given to us by the Client, communications between us and the 
Client, and to any other reports, writings, proposals or documents prepared by us for the Client relative to the specific site described herein, all of which 
constitute the Report. 
 
IN ORDER TO PROPERLY UNDERSTAND THE SUGGESTIONS, RECOMMENDATIONS AND OPINIONS EXPRESSED HEREIN, REFERENCE 
MUST BE MADE TO THE WHOLE OF THE REPORT.  WE CANNOT BE RESPONSIBLE FOR USE BY ANY PARTY OF PORTIONS OF THE 
REPORT WITHOUT REFERENCE TO THE WHOLE REPORT. 
 
3. BASIS OF THE REPORT 
 
The Report has been prepared for the specific site, development, building, design or building assessment objectives and purpose that were described 
to us by the Client.  The applicability and reliability of any of the findings, recommendations, suggestions, or opinions expressed in the document are 
only valid to the extent that there has been no material alteration to or variation from any of the said descriptions provided to us unless we are 
specifically requested by the Client to review and revise the Report in light of such alteration or variation. 
 
4. USE OF THE REPORT 
 
The information and opinions expressed in the Report, or any document forming the Report, are for the sole benefit of the Client.  NO OTHER PARTY 
MAY USE OR RELY UPON THE REPORT OR ANY PORTION THEREOF WITHOUT OUR WRITTEN CONSENT.  WE WILL CONSENT TO ANY 
REASONABLE REQUEST BY THE CLIENT TO APPROVE THE USE OF THIS REPORT BY OTHER PARTIES AS “APPROVED USERS”.  The 
contents of the Report remain our copyright property and we authorise only the Client and Approved Users to make copies of the Report only in such 
quantities as are reasonably necessary for the use of the Report by those parties.  The Client and Approved Users may not give, lend, sell or otherwise 
make the Report, or any portion thereof, available to any party without our written permission.  Any use which a third party makes of the Report, or any 
portion of the Report, are the sole responsibility of such third parties.  We accept no responsibility for damages suffered by any third party resulting 
from unauthorised use of the Report. 
 
5. INTERPRETATION OF THE REPORT 
 
a. Nature and Exactness of Descriptions: Classification and identification of soils, rocks, geological units, contaminant materials, building 

envelopment assessments, and engineering estimates have been based on investigations performed in accordance with the standards set 
out in Paragraph 1.  Classification and identification of these factors are judgmental in nature and even comprehensive sampling and 
testing programs, implemented with the appropriate equipment by experienced personnel, may fail to locate some conditions. All 
investigations, or building envelope descriptions, utilizing the standards of Paragraph 1 will involve an inherent risk that some conditions will 
not be detected and all documents or records summarising such investigations will be based on assumptions of what exists between the 
actual points sampled.  Actual conditions may vary significantly between the points investigated and all persons making use of such 
documents or records should be aware of, and accept, this risk.  Some conditions are subject to change over time and those making use of 
the Report should be aware of this possibility and understand that the Report only presents the conditions at the sampled points at the time 
of sampling.  Where special concerns exist, or the Client has special considerations or requirements, the Client should disclose them so 
that additional or special investigations may be undertaken which would not otherwise be within the scope of investigations made for the 
purposes of the Report. 

 

b.  Reliance on Provided information: The evaluation and conclusions contained in the Report have been prepared on the basis of conditions in 
evidence at the time of site inspections and on the basis of information provided to us.  We have relied in good faith upon representations, 
information and instructions provided by the Client and others concerning the site.  Accordingly, we cannot accept responsibility for any 
deficiency, misstatement or inaccuracy contained in the report as a result of misstatements, omissions, misrepresentations or fraudulent 
acts of persons providing information. 

 

c.  To avoid misunderstandings, exp Services Inc. (exp) should be retained to work with the other design professionals to explain relevant 

engineering findings and to review their plans, drawings, and specifications relative to engineering issues pertaining to consulting services 

provided by exp.  Further, exp should be retained to provide field reviews during the construction, consistent with building codes guidelines 

and generally accepted practices.  Where applicable, the field services recommended for the project are the minimum necessary to 

ascertain that the Contractor’s work is being carried out in general conformity with exp’s recommendations.  Any reduction from the level of 

services normally recommended will result in exp providing qualified opinions regarding adequacy of the work. 

 

6.0 ALTERNATE REPORT FORMAT 
 
When exp submits both electronic file and hard copies of reports, drawings and other documents and deliverables (exp’s instruments of professional 
service), the Client agrees that only the signed and sealed hard copy versions shall be considered final and legally binding.  The hard copy versions 
submitted by exp shall be the original documents for record and working purposes, and, in the event of a dispute or discrepancy, the hard copy 

versions shall govern over the electronic versions.  Furthermore, the Client agrees and waives all future right of dispute that the original hard copy 
signed version archived by exp shall be deemed to be the overall original for the Project. 
 
The Client agrees that both electronic file and hard copy versions of exp’s instruments of professional service shall not, under any circumstances, no 
matter who owns or uses them, be altered by any party except exp.  The Client warrants that exp’s instruments of professional service will be used 
only and exactly as submitted by exp. 
 
The Client recognizes and agrees that electronic files submitted by exp have been prepared and submitted using specific software and hardware 
systems.  Exp makes no representation about the compatibility of these files with the Client’s current or future software and hardware systems. 
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Appendix B 
Testhole Location Plan  



RED FLAT CREEK CULVERT

AH16-02

AH16-01

HWY 37 N

EDGE OF PAVEMENT

DOWNSTREAMUPSTREAM

Testhole Location PlanMinistry of Transportation and Infrastructure

Foundation Investigation
Red Flat Creek, Hwy 37 N, near Bell 2, B.C.

VAN-00236397-A0 MG MBD DWS 2017-02-01 1:250 Figure  1



Hwy 37 North, Near Bell II, BC – Red Flat Creek Culvert – Str.No.08790 

Subsurface Site Exploration – Preliminary 

exp Ref. VAN-00236397-A0 

2017 March 17 

 

 

3 

 

Appendix C 
Test Hole Summary Logs 

 AH16-01 and 16-02 
Laboratory Test Results 

 Sieve Test  
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Appendix D  
Google Earth Area Plan 

Select Site Photos – 2016 November 21
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Google Earth Area Plan—Red Flat Creek Culvert 
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Photo 1 – View  looking south along Hw y 37 at the Red Flat Creek culvert crossing. Note cracks in asphalt near crossing. 
 
 

 
 

Photo 2 – View  looking w est (upstream) at Red Flat Creek. 
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Photo 3 – View  looking east show ing the culvert inlet and upstream slope. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Photo 4 – View  looking w est showing the culvert outlet and dow nstream slope. 
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