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FOUNDATION INVESTIGATION REPORT 
For 

G.W.P 3055-03-00 
 

Highway 24 – Alder Creek Culvert Partial Replacement and Rehabilitation 
Station 11+650 

Site No. 33-489/C 
Township of North Dumfries 

1.0 Introduction 

Stantec Consulting Ltd. (Stantec) was retained by the Ministry of Transportation, Ontario (MTO) 
to undertake the detailed design for resurfacing of Highway 24 from 0.3 km north of Glen Morris 
Road northerly to 0.33 km south of Footbridge Road and from 0.23 km north of Footbridge Road 
northerly to the south limits of Cambridge.  This project also includes the partial replacement 
and rehabilitation of the existing Alder Creek Culvert (Site No. 33-489-C) at approximate Station 
11+650 on Highway 24, south of the Town of Cambridge, in the Township of North Dumfries, 
Ontario. 

This Foundation Investigation Report has been prepared specifically and solely for the partial 
replacement and rehabilitation of the Alder Creek Culvert. 

2.0 Site Description and Geology 

Site Location 

The site location is shown on the Key Plan inset to Drawing No. 1, provided in Appendix A.  The 
existing Alder Creek Culvert crosses beneath Highway 24 at Station 11+650, approximately 100 
m south of Maple Manor Road East.   

General Site Description 

It is noted that Highway 24 runs approximately north-south at the project location with chainage 
increasing from south to north.  In the vicinity of the culvert, Highway 24 has a two lane rural 
cross-section with approximately 3 m wide shoulders (see Photo 1 in Appendix A).   

Alder Creek flows to the Grand River which is located approximately 80 m west of Highway 24.  

A recreational trail (part of the Grand River Trail System) runs along a former railway 
embankment approximately 25 m west of and parallel to Highway 24.  The top of the trail 
embankment is approximately 4 m wide and has a gravel surface (Photo No. 2 in Appendix A).  
The trail embankment has side slopes of approximately 2H:1V. 
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The Alder Creek Culvert extends in an east-west orientation from the east side of Highway 24 to 
the west side of the recreational trail. 

Drainage of the highway is provided via ditches leading to the culvert at the inlet and to an 
opening in the side of the culvert between Highway 24 and the recreational trail. 

At the inlet of the culvert (east end), the Highway 24 paved surface is approximately 3.8 m 
higher than streambed and the embankment has 2.5H:1V side slopes.  At the west side of 
Highway 24, the embankment is approximately 1.1 m high above the top of the culvert with a 
side slope of 2H:1V.    

The area between Highway 24 and the recreational trail is covered with brush and small trees 
(see Photos No 1 and 3 in Appendix A).  

Existing Culvert 

The existing culvert consists of three sections:  

1. The original culvert constructed to support the former railway and consisting of a 27.1 m 
long rigid frame open footing concrete culvert with encased steel beams. This section 
extends beneath the trail embankment and terminates approximately 1.5 m west of the 
centerline of Highway 24.  This section has an approximate span of 3.1 m and a height 
of approximately 1.8 m.  It is understood that the footings for this culvert are at elevation 
252.1 m.  This section of the culvert has been identified as requiring replacement. 

2. The first extension consisting of an 8.7 m long non-rigid frame open footing concrete 
culvert which abuts the east (inlet) end of the original culvert. 

3. The second extension consisting of a 7 m long concrete rigid frame box culvert 
constructed in 1990 at the east (inlet) end of the first extension. It is understood that the 
second extension has a span of 3.05 m and an interior height of 1.85 m. 

The approximate alignment of the existing culvert is shown on Drawing No. 1 in Appendix A.  
Flow in the culvert is from east to west, toward the Grand River. 

The outlet of the culvert is visible at the base of the trail embankment on the west side, 
approximately 2.1 m below the trail surface (see Photo 4 in Appendix A).  Signs of erosion and 
concrete deterioration of the underside of the culvert are visible on the south side of the outlet.  
A concrete headwall is present at the outlet. 

Physiographic Description 

The site is located within a physiographic region known as the Waterloo Hills Region (Chapman 
and Putnam, 1984).  In this region, the surface is generally composed of sandy hills, some of 
them being ridges of sandy till.  The extensive area adjoining the hilly regions forms the alluvial 
terraces of the Grand River spillway. This area is relatively flat and contains similar but more 
uniform sandy and gravelly materials.  
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Drainage is generally toward the west toward the Grand River.  In the immediate vicinity of the 
site, drainage is provided via drainage ditches and culverts. 

3.0 Method of Investigation 

3.1 DRILLING INVESTIGATION 

A field investigation consisting of five boreholes was carried out for this assignment. The 
boreholes were designated BH10-1 through BH10-5 and their locations are shown on the 
Borehole Location Plan, Drawing No.1 in Appendix A.   

Prior to carrying out the investigation, Stantec contacted the public utility authorities to clear the 
borehole locations of public utilities.  

The field drilling program was carried out from November 30 to December 2, 2010.  Three 
boreholes (BH10-1, BH10-2 and BH10-4) were advanced with solid-stem augers using a truck 
mounted Dietrich D-90 drill rig equipped for soil and bedrock sampling.   BH10-3 was advanced 
with the same drill rig but with a hollow-stem auger.  BH10-5 was advanced using portable 
drilling equipment having drive and flush casing.  Both drill rigs were owned and operated by 
Walker Drilling Ltd. of Utopia, Ontario.   

The subsurface stratigraphy encountered in each borehole was recorded in the field by an 
experienced Stantec Field Technologist. Split spoon samples were collected at regularly spaced 
intervals (typically every 760 mm) during the course of Standard Penetration Testing (ASTM 
D1586).  All samples recovered were returned to Stantec’s Ottawa laboratory for detailed 
classification and testing.  Boreholes were backfilled with auger cuttings mixed with bentonite 
and road holes were topped with cold patch asphalt. 

3.2 SURVEY 

Borehole locations were established in the field by Stantec personnel relative to the centerline of 
the existing alignment and the existing culvert. The ground surface elevation at each borehole 
location was surveyed by Stantec personnel with reference to a Geodetic Benchmark provided 
by MTO.  The benchmark was located at the top of the northwest concrete headwall of the 
outlet at Station 11+650.4, approximately 28.5 m west of Highway 24 centerline. The Geodetic 
elevation of this benchmark is reported to be 256.029 m.   Table 3-1 summarizes the borehole 
information. 
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Table 3.1:  Borehole Summary 
 Boreholes 

BH10-1 BH10-2 BH10-3 BH10-4 BH10-5 

MTM Zone 10 Coordinates 
Northing 
Easting 

 
4796848.1 
239160.1 

 
4796840.1 
239152.9 

 
4796841.1 
239134.2 

 
4796851.0 
239134.3 

 
4796851.5 
239125.7 

Station 11+651.4 11+643.3 11+643.9 11+654.5 11+655.0 

Offset 2.0 m RT 5.3 m Lt 24.7 m LT 24.4 m LT 33.2 m LT 

Ground Surface Elevation, m 257.5 257.1 256.9 256.9 254.6 

Total Depth Drilled, m 9.4 9.8 9.1 8.9 2.9 

End of Borehole Elevation, m 248.1 247.4 247.7 248.0 251.7 

Depth Augered, m 9.4 9.8 9.1 5.2 2.9 

Number of Soil Samples 10 11 10 6* 5 

Depth Cored, m 0 0 0 3.7* 0 
*Three NQ-size cores were retrieved from a boulder(s) in addition to the six soil samples within 
the overburden. 

3.3 LABORATORY TESTING 

All samples were taken to our Ottawa laboratory where they were subjected to a detailed visual 
examination by a Geotechnical Engineer. Selected soil samples underwent plasticity testing (2 
samples), gradation analysis (16 samples) and moisture content testing (21 samples).  Two 
samples were submitted to Parcel Laboratories of Ottawa for analysis of pH, soluble sulphate 
content, chloride content and resistivity.    

Samples remaining after testing will be placed in storage for a period of one year after issuance 
of the final report. After the storage period, the samples will be discarded unless we are directed 
otherwise by MTO. 

4.0 Subsurface Conditions 

4.1 SUBSURFACE PROFILE 

The subsurface conditions observed in the boreholes are presented in detail on the Borehole 
Records provided in Appendix B.  An explanation of the symbols and terms used to describe the 
Borehole Records is also provided.  

In general, the subsurface stratigraphy consisted of a pavement structure over a silty sand with 
gravel fill material overlying a silty sand with gravel to silty gravel with sand till deposit. 
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Borehole location plans and stratigraphic sections of the soils encountered within the boreholes 
are provided on Drawing No. 1 and 2 in Appendix A.  

4.1.1 Pavement Structure 

The pavement structure observed in Borehole BH10-1 consisted of the following 

HM Asphalt  200 mm 
PCC Concrete  150 mm 
Base Gravel  none observed 

The shoulder granular fill material observed in Borehole BH10-2 was 0.9 m thick.  A grain size 
distribution test was carried out on a sample of the shoulder granular fill, indicating the following 
composition 

• 32% Gravel 
• 58% Sand 
• 10% Fines (silt and clay size particles) 
 
This material is classified as well-graded sand with silt and gravel (SW-SM); a grain size 
distribution curve is presented on Figure 1 in Appendix C. 

4.1.2 Highway Embankment Fill 

The highway embankment fill extends to 4.0 m below the road profile (to elevation 253.1 m to 
253.4 m) and generally consists of silty sand with gravel (SM). 

The results of moisture content and grain size distribution tests carried out on the highway 
embankment fill are summarized below. 

• 0 to 34% Gravel 
• 42 to 51% Sand 
• 24 to 55% Fines (silt and clay size particles) 
• Moisture Content 8 to 27% 
 
The higher moisture content and fines content observed are associated with a sandy silt pocket 
noted in BH10-2.  The grain size distribution curves are plotted on Figure 2 in Appendix C. 

Standard Penetration Test (STP) N-values observed within the highway embankment fill ranged 
from 4 to 35 blows per 0.3 m suggesting variable states of compactness ranging from loose to 
dense. 

Atterberg limits tests on one representative sample from the embankment fill indicated that the 
fill was non-plastic. 
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Organic Layer 

It is noted that an approximately 100 mm thick layer of organic material consisting of dark brown 
sandy silt with plant remains was encountered beneath the shoulder granular fill in BH10-2 and 
immediately beneath the embankment fill in BH10-1 and BH10-2.  Moisture content testing on 
one sample of this material yielded a value of 48%.  The latter organic material was likely left in 
place during the placement of the embankment. 

4.1.3 Granular Railway Ballast 

Approximately 1.0 m of granular fill associated with the former railway was encountered beneath 
the recreational trail in BH10-3 and BH10-4 (extending to elevation 255.7 m to 256.0 m).  One 
SPT N-value measurement in this layer indicated 39 blows per 0.3 m, suggesting a dense state.  
One representative sample obtained from this layer revealed the following:   

• 59% Gravel 
• 33% Sand 
• 8% Fines (silt and clay size particles) 
• Moisture content 4% 

 
According to USCS, the material can be classified as poorly graded gravel with silt and sand 
(GP-GM).  The grain size distribution test result for this material is provided in Figure 3 in 
Appendix C.  

4.1.4 Recreational Trail Embankment Fill 

Embankment fill material was encountered immediately beneath the railway ballast in BH10-3 
and BH10-4.  The thickness of the embankment fill was 1.4 to 2.2 m (extending to elevation 
253.8 m to 254.3 m).  The SPT N-values for this layer ranged between 5 and 17 blows per 0.3 
m suggesting a loose to compact state.  Three representative soil samples retrieved from this 
layer revealed the following results: 

• 0% to 4% Gravel 
• 20 to 36% Sand 
• 61 to 80% Fines (silt and clay size particles) 
• Moisture Content 14 to 18% 

 
The material can be classified as sandy silt with gravel (ML). The grain size distribution test 
results for this material are provided in Figure 4 in Appendix C.  

 An Atterberg Limits test conducted on one cohesive sample from this fill layer indicated a 
plasticity index of 8% suggesting low plasticity (Figure 6 in Appendix C). 

4.1.5 Topsoil 

Approximately 300 mm of brown sandy silt topsoil was encountered at the ground surface in 
BH10-5.  The bottom elevation of the topsoil was approximately 254.3 m.  A 100 mm thick 
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sandy silt with organic material was noted beneath the fill in BH10-3.  Testing on samples from 
BH10-3 revealed: 

• 0% Gravel 
• 44% Sand 
• 56% Fines (silt and clay size particles) 
• Moisture Content 21 to 24% 

 

4.1.6 Silty Gravel with Sand to Silty Sand with Gravel Till 

A deposit of silty gravel with sand (GM) to silty sand with gravel (SM) was encountered beneath 
the fill layers in BH10-4 and beneath the topsoil and organic layers in BH10-1, BH10-2, BH10-3 
and  BH10-5.  The top elevation of this deposit ranged between 253.0 to 254.3 m.  The 
boreholes penetrated into the till to depths ranging from 2.6 m (BH10-5) to 6.3 m (BH10-4).  It is 
noted that drilling was terminated in this layer at all borehole locations at elevation between 
251.7 m and 247.4 m and hence the actual thickness for the till deposit was not established.  It 
is further noted that frequent cobbles and boulders were encountered within this deposit. 

The SPT N-values for this deposit ranged between 16 blows per 0.3 m to well over 100 (split-
spoon refusal) suggesting a compact to very dense state.  Testing on seven representative 
samples obtained from this layer revealed the following: 

• 18 to 56% Gravel 
• 31 to 63% Sand 
• 12 to 51% Fines (silt and clay size particles) 
• Moisture Content 8 to 14%  

Representative grain size distribution plots for this material are indicated on Figure 5 in 
Appendix C. 

Two soil samples retrieved immediately beneath the existing fill at the site were submitted to 
Paracel Laboratories in Ottawa, Ontario, for analysis of pH, water soluble sulphate and chloride 
concentrations, and resistivity.  The analysis results are provided in Table 4.1. 

Table 4.1: Results of Chemical Analysis 

Borehole No Sample No. Depth 
(m) pH Chloride 

(µg/g) 
Sulphate 

(µg/g) 
Resistivity 
(Ohm-m) 

BH10-2 SS6 3.8 to 4.4 7.69 264 9 20.4 
BH10-4 SS4 3.1 to 3.7 7.89 30 7 55.6 

 

4.2 BEDROCK 

Bedrock was not encountered within the depth of exploration of this investigation.  
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4.3 GROUNDWATER 

Groundwater was encountered in all the boreholes at the time of drilling, between November 30 
and December 2, 2010.  The observed groundwater levels are summarized in Table 4.2 as 
“inferred” groundwater level.   

Table 4.2: Inferred Groundwater Levels (time of drilling) 

Borehole No Ground Surface 
Elevation (m) 

Groundwater 
Depth (m) Elevation (m) 

BH10-1 257.5 4.9 252.6 
BH10-2 257.1 4.0 253.1 
BH10-3 256.9 3.2 253.7 
BH10-4 256.9 3.4 253.5 
BH10-5 254.6 1.5 253.1 

 
Fluctuations in the groundwater and culvert water level due to seasonal variations or in 
response to a particular precipitation event should be anticipated. 

The water level elevation in the culvert at the inlet (east) and outlet (west) was 254.00 and 
253.96 m, respectively, as surveyed on December 3, 2010. 
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FOUNDATION DESIGN REPORT 
For 

G.W.P. 3055-03-00  
 

Highway 24 – Alder Creek Culvert Partial Replacement and Rehabilitation 
Station 11+650 

Site No. 33-489/C 
Township of North Dumfries 

6.0 Discussion 

6.1 PROJECT DESCRIPTION & BACKGROUND 

Project Purpose/Justification 

The culvert at the site consists of three segments, namely, the original 27.1 m long culvert and 
two subsequent extensions 8.7 and 7 m long, respectively.  While the two culvert extensions are 
in satisfactory condition, the original culvert has been identified as requiring replacement.  

Performance of Existing Foundations 

The bottom of the culvert near the south side at the outlet displays signs of erosion, 
undermining and deterioration (see Photo No 4 in Appendix A).  In addition, there are some 
signs of red staining indicative of rusting of the steel beams encased in the original culvert.   

No contract documents or foundation investigation and design reports were available for the 
original culvert section however it is understood that the footings are founded at approximate 
elevation 252.1 m.  Based on the borehole data, it appears likely that the culvert is supported on 
strip footings bearing on the silty sand with gravel (till) deposit. 

Visual inspection of the culvert inlet and outlet at the time of the investigation did not reveal any 
indications of significant settlement or cracking. 

Proposed Structures 

It is understood that the two extensions of the existing culvert are in a satisfactory condition and 
will be retained. However, the joint between the two extensions at the top of the culvert is to be 
exposed and sealed.  Several replacement options were considered for the original 27.1 m long 
section of the culvert.  The replacement options included: 

• Replacement of the entire 27.1 m long original culvert with a single closed box or open 
footing culvert; 

• Replacement of the original culvert with two shorter structures, one approximately 13.2 m 
long culvert from near the centerline of Highway 24, west to the toe of the highway 
embankment and the other beneath the recreational trail. 
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• The Highway 24 replacement structure would be either a rigid frame box culvert or a rigid 
frame open footing culvert.   

• The trail structure would be a rigid frame box culvert, a rigid frame open footing culvert, a 
pedestrian bridge or open bottom steel arch culvert with concrete footings.  The bridge 
would be 4 m wide and have a single span of approximately 13.6 m. The culverts would be 
approximately 4.9 m wide and 12.7 m long. 
 

Key elevations associated with the proposed culvert replacement are as follows: 

Pavement Elevation 257.50 m (approximately near C/L of Highway 24) 
 
Trail Elevation  256.7 m 
 
Invert Elevation 253.21 m 
 
Streambed Elevation 253.66 m 

 
Water Elevation: 254.00 m at time of Foundation Investigation (December 3, 2010) 
 
25 Year Water Level: 254.86 m 
     
Founding Elevation 252.1 m existing 27.1 m long Rigid Frame Open Footing Culvert 

252.9 m Proposed Precast Rigid Frame Box Culvert 
 252.4 m Proposed Rigid Frame Open Footing Culvert Option 

254.2 m Proposed Pedestrian Bridge 
252.3 m Proposed Open Bottom Steel Arch Culvert with Concrete 
Footings  

The founding elevation for the precast rigid frame box culvert has been determined based on 
the assumption that the base of the culvert will be 300 mm thick.  The founding elevation for the 
rigid frame open footing culvert has been selected to achieve adequate frost cover below the 
stream bed.   

It is understood that no wingwalls or headwalls will be required for the proposed Highway 24 
culvert replacement.  The proposed replacement for the trail culvert option is anticipated to 
include a Retained Soil System (RSS) over the culvert and extending 3 m beyond both sides of 
the upstream end. 

Construction Staging & Detours 

It is understood that a short term local road detour is not anticipated for the culvert partial 
replacement and rehabilitation works.  

It is further understood that a one lane traffic condition is acceptable for the brief period required 
to repair the joint between the two existing culvert extensions.   
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Two lanes of traffic are to be maintained during the longer duration required for the replacement 
of the western portion of the Highway culvert. The available Highway 24 cross-section is not 
sufficient to enable open cut excavation for the culvert replacement with two lanes of traffic.  
Therefore roadway protection will be required.  In addition, the proposed work will require a 
minor widening of the existing Highway 24 cross-section to the east.   

Replacement of the culvert segment beneath the recreational trail will require a temporary 
closure of the trail.  Construction can proceed with open excavation in the trail embankment.  

6.2 SOIL SUMMARY 

The soil conditions at this site generally consist of fill over compact to very dense glacial till. 

For design purposes, the following soil models will be used: 

Table 6.1:  Geotechnical Model (beneath Highway 24) 
Elevation (m) 

Soil Type Design Properties 
From To 

257.5 253.0 FILL: Silty Sand with gravel, loose Total Unit Weight = 21.0 kN/m3 

Friction Angle, φ = 33° 

253.0 <248.0 Silty sand with gravel (SM) to silty gravel 
with sand (GM), compact to very dense, 
(TILL) 
Frequent cobbles and boulders 

Total Unit Weight = 22 kN/m3 

Friction Angle, φ = 38º 
E’ = 150 MPa 

 
Table 6.2:  Geotechnical Model (beneath recreational trail) 

Elevation (m) 
Soil Type Design Properties 

From To 

257.0 256.0 FILL: Gravel with silt and sand, compact Total Unit Weight = 22.0 kN/m3 

Friction Angle, φ = 38° 

256.0 254.0 FILL: Sandy silt (ML), loose to compact Total Unit Weight = 19.0 kN/m3 

Friction Angle, φ = 30° 

254.0 252.5 Sandy silt with gravel (ML), compact (TILL) Total Unit Weight = 21.5 kN/m3 

Friction Angle, φ = 32º 
E’ = 20 MPa 

252.5 <248.0 Silty sand with gravel (SM) to silty gravel 
with sand (GM), dense to very dense (TILL) 
Frequent cobbles and boulders 

Total Unit Weight = 22.0 kN/m3 

Friction Angle, φ = 38º 
E’ = 150 MPa 

Note: A design water level corresponding to the 25 year water level of 254.86 m will be used. 
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6.3 SEISMIC DESIGN CONSIDERATIONS 

It is recommended that a Soil Profile I as defined in CHBDC (CHBDC, 2006) Section 4.4.6 be 
used in the seismic design of this site. 

Table A3.1.1 of the CHBDC indicates that the Zonal Acceleration Ratio (ZAR) for Cambridge, 
Ontario, is 0.05.  A seismic hazard calculation for the site was obtained from Natural Resources 
Canada (copy attached in Appendix F).  It indicates that for this site, the peak ground 
acceleration (PGA) value corresponding to 10% exceedance in 50 years is 0.062, which is 
slightly larger than the ZAR for Cambridge.  Hence, ZAR of 0.062 should be used for this site.   

Even though it is not likely very significant, seismically induced lateral earth pressures should be 
considered for this project with a Zonal Acceleration Ratio of 0.062.   

Liquefaction of the foundation soils is not a concern for this project due to the compact to very 
dense soil conditions and the relatively low Zonal Acceleration Ratio. 

7.0 Structure Foundations 

7.1 STRUCTURE/FOUNDATION OPTIONS 

It is understood that the following optional structure types are being considered for the culvert 
partial replacement on this project. 

• Rigid Frame Box Culvert 
• Rigid Frame Open Footing Culvert 
• Pedestrian Bridge Structure (for the trail only) 
• Open Bottom Steel Arch with Concrete Footings (for the trail only) 
 
All of the above options are being considered for the recreational trail crossing whereas only the 
two Rigid Frame Culvert options are being considered at Highway 24.  The soil conditions at this 
site are suitable to support the culvert options and a pedestrian bridge option on shallow 
foundations. 

It is noted that regardless of the option selected, the existing 27.1 m long original culvert is to be 
removed.  This will require excavation down to the existing founding elevation of 252.1 m for all 
options.  This suggests the need for groundwater control as detailed in Section 8.4. 

Table 7.1 compares the possible replacement options for the original culvert.   
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Table 7.1:  Comparison of the Replacement Options for the Original Culvert 

 
This comparison would suggest that the replacement should consist of two separate structures.  
It is noted that from a geotechnical perspective, all options are suitable for this project. 

Table 7-2 compares the culvert structure options considered from a foundations design and 
constructability perspective for the segment to be replaced beneath Highway 24. 

Option Advantages Disadvantages Relative 
Cost 

Risk/ 
Consequences 

One long 
culvert from 
Highway 24 
centreline to 
the outlet 

• A single structure / 
operation required 

• Installation of long 
culvert can be difficult 
and time consuming 

• More extensive 
(deeper and longer 
duration) unwatering 
required 

• Requires ditch inlets 
into culvert between 
Highway and trail 
embankments 

Medium • Possibly 
exposed 
culvert section 
between 
Highway 24 
and trail 
embankments  
with 
accelerated 
degradation 

Two separate 
short culverts 
(beneath 
Highway 24 
and the trail) 

• Use of shorter precast 
sections for culvert can 
reduce construction 
period 

• No exposed culvert 
section between 
Highway 24 and trail 
embankments  

• Both segments 
independent 

• Poorer hydraulic 
performance 

High • Possible 
erosion issues 
between the 
two 
embankments 

Short culvert 
beneath 
Highway 24 
and 
Pedestrian 
Bridge for the 
trail 

• Use of shorter precast 
culvert section can 
reduce construction 
period 

• No exposed culvert 
section between 
Highway 24 and trail 
embankments 

• Pedestrian bridge with 
prefab trusses will have 
lower cost and shorter 
construction period 

• Possibly higher 
maintenance 
requirements for the 
pedestrian bridge  

Medium • Possible 
erosion issues 
between the 
two 
embankments 

Short culvert 
beneath 
Highway 24 
and open 
bottom steel 
arch with 
concrete 
footings for 
the trail 

• Readymade steel arch 
sections will have lowest 
material and installation 
cost  

• No exposed culvert 
section between 
Highway 24 and trail 
embankments  

• Both segments 
independent  

 Low • Possible 
erosion issues 
between the 
two 
embankments 
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Table 7.2:  Comparison for Highway 24 Culvert Replacement 

Option Advantages Disadvantages Relative 
Cost 

Risk/ 
Consequences 

Precast Rigid 
Frame Box 

• Use of precast sections 
reduces construction 
period 

• Slightly less unwatering 
volume 

• Needs heavy 
lifting equipment 

• Does not match 
adjacent culvert 
type 

Low  

Rigid Frame 
Open Footing 

• Matches adjacent culvert 
foundations 
 

• Slower 
construction 
process  

• Greater 
unwatering 
volume required 

High • Higher risk 
of 
unwatering 
related 
issues 

 
Table 7.3 compares the foundation options for the segment beneath the recreational trail. 

Table 7.3:  Comparison for Recreational Trail Options 

Option Advantages Disadvantages Relative 
Cost 

Risk/ 
Consequences 

Precast Rigid 
Frame Box 

• Use of precast 
sections reduces 
construction period 

• Slightly less 
unwatering volume 

• Needs heavy lifting 
equipment 

• Poorer hydraulic 
performance 

• Requires RSS at inlet 

Medium  

Rigid Frame 
Open Footing 

 • Slower construction 
process  

• Greater unwatering 
volume require 

• Poorer hydraulic 
performance 

• Requires RSS at inlet 

High • Higher risk 
of 
unwatering 
related 
issues 

Pedestrian 
Bridge on 
Spread 
Footing 

• Shorter length of 
footings 

• Less risk of erosion 
problems 

• Higher founding levels 
are possible 

• Possibly higher 
maintenance 
requirements  

Low  

Open Bottom 
Steel Arch 
with Concrete 
Footing 

• Low material and 
installation cost 

• Requires RSS at inlet Low  

 
The foundation soils at the site are generally good and can provide adequate support for all 
options listed in Table 7.2 and Table 7.3 above.  Therefore, the lowest cost options should be 
carried forward for design.   

The following design recommendations are provided for:   

• 13.2 m long rigid frame box culvert for the segment beneath Highway 24; and 
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• An open bottom steel arch culvert with concrete footings for the segment beneath the trail.  
The proposed open bottom arch culvert is approximately 12.7 m long.  RSS walls will be 
included at the inlet. 
 

7.2 FOUNDATION RECOMMENDATIONS 

7.2.1 Geotechnical Resistances 

The following geotechnical resistances are provided for a variety of cases covering the possible 
options described above.  It is recommended that the replacement culvert(s) be founded on the 
native glacial tills.  In all instances the existing footings must be removed.  The excavations 
should be backfilled with compacted OPSS Granular A.  For the Highway 24 rigid frame box 
culvert, a 200 mm layer of OPSS Granular A should be placed and compacted beneath the 
culvert for bedding purposes.  

For the trail open bottom steel arch culvert, it is anticipated that the spread footings will be 
founded at the elevation required to provide adequate frost protection.  After removal of the 
existing footing OPSS Granular A will need to be provided as a structural fill pad beneath the 
footing down to competent till.  The edges of the pad should extend at least 300 mm horizontally 
away from the footing in all directions.  The Granular A should be placed within the influence 
zone of the footing which is defined by a 1:1 line extending down and away from the top of the 
pad in all directions.   

The geotechnical resistances provided in Table 7.4 may be used in the design provided the 
footings are placed on undisturbed native till or granular bedding over undisturbed native till as 
described above.   

Table 7.4:  Recommended Spread Footing Design Parameters 

Founding 
Element 

Founding  Elev. 
(m) 

Footing Size 
(m x m) 

Factored 
Geotechnical 
Resistance 

at ULS (kPa) 

Geotechnical 
Reaction at 
SLS (kPa) Width (m) Length (m) 

Hwy 24 Rigid 
Frame Box Culvert 
on Till 

252.9 
3.0 
3.5 
4.0 

13.2 
700 
800 
900 

600 
500 
400 

Open Bottom Steel 
Arch Culvert 
Footing on 
Granular A 

252.3 

1.0 
1.2 
1.5 

12.7 

270 
280 
300 

270* 
280* 
300* 

Notes:  

(1) In accordance with Section 6.6.1 of the CHBDC, a resistance factor of 0.5 has been 
applied to calculate the factored geotechnical resistance at ULS.  

(2) The geotechnical reaction at SLS typically corresponds to a maximum settlement of 25 
mm.  Geotechnical reaction at SLS values marked with an asterisk (*) correspond to 
conditions where the factored geotechnical resistance at ULS is reached prior to 
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undergoing 25 mm of total settlement.  These foundation conditions have been assigned 
a geotechnical reaction at SLS equal to the factored geotechnical resistance at ULS. 

(3) The use of OPSS Granular A material beneath the open bottom steel arch culvert 
foundation is not for the purpose of achieving high bearing resistances or reactions but 
rather to ensure that the foundations are supported on a consistent engineered structural 
fill once the existing footings and embankment fills have been removed from beneath the 
influence zone of the open bottom arch culvert footings. 

7.2.2 Sliding Resistance 

The unfactored horizontal resistance of spread footings may be calculated using the following 
unfactored coefficients of friction: 

0.55 between OPSS Granular A and pre-cast concrete 

0.45 between silty sand with gravel (till) and cast-in-place concrete 

In accordance with Table 6.1 of the CHBDC CAN/CSA-S6-06, a resistance factor against sliding 
of 0.8 should be applied to obtain the resistance at ULS. 

7.2.3 Frost Protection 

The design frost penetration depth for foundations, f, at the site is 1.3 m based on OPSD 
3090.101.  Spread footings should be provided with 1.3 m of earth cover or equivalent insulation 
for frost protection.   

This depth of frost penetration should also be used in the design of frost tapers for the culvert 
backfill. 

7.2.4 Lateral Earth Pressures 

7.2.4.1 Lateral Earth Pressures under Static Conditions 

Earth pressures will need to be considered in the design of the culvert walls, RSS walls, as well 
as for roadway protection systems. 

Computation of earth pressures should be in accordance with Section 6.9 of the CHBDC.  For 
walls that are designed to allow rotation, active earth pressure may be used for design.  For 
rigidly tied and unyielding structures, the at-rest earth pressure should be used for design.  For 
a rigid frame box culvert, the walls are considered to be unyielding and the at-rest earth 
pressure should be used for design.  The unfactored soil parameters provided in Table 7.5 may 
be used for design of walls with a horizontal backfill and those provided in Table 7.6 for walls 
with a 2H:1V backfill.  The effects of compaction should be accounted for by applying a 
compaction surcharge as shown in Figure 6.6 of the CHBDC. 
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The total active (PA) and passive (PP) thrusts can be calculated using the following equations:  

PA = ½ Ka γ H2 

PP = ½ Kp γ H2 

Where H is the height of the wall.  Values for Ka, Kp, Ko and γ are provided in Tables 7.5 and 7.6 
below.  The thrust acts at a point one third up the height of the wall. 

Table 7.5:  Recommended Non-Seismic Earth Pressure Parameters (Horizontal Backfill) 

Parameter 
OPSS 

Gran B 
Type I 

OPSS 
Gran A 

and Gran 
B Type II 

Existing 
Embankment 

Fill 

Sandy 
Silt with 
Gravel 
(Till) 

Silty 
Sand with 

Gravel 
(Till) 

Bulk Unit Weight, γ (kN/m3)  21.2 22.0 19.0 21.5 22 

Effective Friction Angle 32º 35º 30º 32° 38° 
Coefficient of Earth Pressure at Rest (Ko) 0.47 0.43 0.50 0.47 0.38 
Coefficient of Active Earth Pressure (Ka) 0.31 0.27 0.33 0.31 0.24 
Coefficient of Passive Earth Pressure (Kp) 3.2 3.7 3.0 3.2 4.2 

 
 
Table 7.6:  Recommended Non-Seismic Earth Pressure Parameters (2H:1V Backfill) 

Parameter 
OPSS 

Gran B 
Type I 

OPSS 
Gran A 

and Gran 
B Type II 

Existing 
Embankment 

Fill 

Sandy 
Silt with 
Gravel 
(Till) 

Silty 
Sand with 

Gravel 
(Till) 

Bulk Unit Weight, γ (kN/m3)  21.2 22.0 19.0 21.5 22 

Effective Friction Angle 32º 35º 30º 32° 38° 
Coefficient of Earth Pressure at Rest (Ko) 0.47 0.43 0.50 0.47 0.38 
Coefficient of Active Earth Pressure (Ka) 0.47 0.39 0.54 0.47 0.33 

 

7.2.4.2 Lateral Earth Pressures under Seismic Conditions 

The culvert walls and RSS walls should also be designed to resist the earth pressures induced 
under seismic loading conditions. The seismic earth pressures may be calculated using the 
parameters detailed in Tables 7.7 and 7.8 below.  

The total active and passive thrusts under seismic loading conditions can be calculated using 
the following equations: 

• PAE = ½ KAE γ H2 (1 - kV) 
• PPE = ½ KPE γ H2 (1 - kV) 
 
where: 

• KAE = active earth pressure coefficient (combined static and seismic) 
• KPE = passive earth pressure coefficient (combined static and seismic) 
• H = height of wall 
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• kh = horizontal acceleration coefficient 
• kv = vertical acceleration coefficient 
• γ = total unit weight 

 
For this site, the following design parameters were used to develop the recommended KAE and 
KPE values. A site specific Seismic Hazard Calculation sheet prepared by Natural Resources 
Canada is provided in Appendix F.  For transportation structures the PGA value corresponding 
to a 10% probability of exceedence in 50 years is typically selected.  

• Zonal Acceleration Ratio, A or PGA  0.062 
• Horizontal Acceleration Coefficient, kh   0.031 yielding  0.093 non-yielding 
• Vertical Acceleration Coefficient, kv  0.021 yielding  0.062 non-yielding 
• Horizontal Backslope to wall 
• Vertical back of wall 

 
The above kh value corresponds to ½ of the A value for yielding walls and 1.5 times for non-
yielding walls.  The kv value corresponds to 0.67 of the kh value. The angle of friction between 
the soil and the wall has been set at 0° to provide a conservative estimate. 

Table 7.7:  Recommended Seismic Earth Pressure Parameters (Horizontal Backfill) 

Parameter 
OPSS 

Gran B Type I 
OPSS Gran A and 

Gran B Type II 
Existing 

Embankment Fill 
Sandy Silt with 

Gravel (Till) 
Silty Sand with 

Gravel (Till) 

Bulk Unit 
Weight, γ 
(kN/m3)  

21.2 22.0 19.0 21.5 22 

Effective 
Friction Angle 32º 35º 30º 32° 38° 

 Yielding 
wall 

Non-
yielding 

Yielding 
wall 

Non-
yielding 

Yielding 
wall 

Non-
yielding 

Yielding 
wall 

Non-
yielding 

Yielding 
wall 

Non-
yielding 

Active Earth 
Pressure (KAE) 0.33 0.37 0.29 0.33 0.35 0.40 0.33 0.371 0.25 0.29 

Height of 
Application of 
PAE from base 
as a ratio of 
wall height, (H) 

0.343 0.362 0.344 0.364 0.342 0.361 0.343 0.362 0.345 0.367 

Passive Earth 
Pressure, (KPE) 3.20 3.07 3.63 3.50 2.94 2.82 3.20 3.07 4.14 4.00 

Height of 
Application of 
PPE from base 
as a ratio of 
wall height, (H) 

0.323 0.299 0.323 0.300 0.323 0.298 0.323 0.299 0.323 0.301 
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Table 7.8:  Recommended Seismic Earth Pressure Parameters (2H:1V Backfill) 

Parameter OPSS 
Gran B Type I 

OPSS Gran A and 
Gran B Type II 

Existing 
Embankment Fill 

Sandy Silt with 
Gravel (Till) 

Silty Sand with 
Gravel (Till) 

Bulk Unit 
Weight, γ 
(kN/m3)  

21.2 22.0 19.0 21.5 22 

Effective 
Friction Angle 32º 35º 30º 32° 38° 

 Yielding 
wall 

Non-
yielding 

Yielding 
wall 

Non-
yielding 

Yielding 
wall 

Non-
yielding 

Yielding 
wall 

Non-
yielding 

Yielding 
wall 

Non-
yielding 

Active Earth 
Pressure (KAE) 0.53 Note 1 0.43 0.56 0.62 Note 1 0.53 Note 1 0.36 0.45 

Height of 
Application of 
PAE from base 
as a ratio of 
wall height, (H) 

0.356 Note 1 0.353 0.399 0.362 Note 1 0.356 Note 1 0.352 0.391 

Passive Earth 
Pressure, (KPE) 8.56 8.41 10.76 10.59 7.41 7.28 8.56 8.41 13.81 13.61 

Height of 
Application of 
PPE from base 
as a ratio of 
wall height, (H) 

0.325 0.308 0.326 0.309 0.325 0.308 0.325 0.308 0.326 0.310 

Note 1 Under seismic conditions these materials are not suitable for retaining wall backslopes 
constructed at 2H:1V.  Either flatter backslopes or the use of OPSS Granular B Type II or 
Granular A would be required. 

7.2.5 Retained Soil System (RSS) 

A Retained Soil System (RSS) retaining wall is being considered at the inlet end of the 
proposed open bottom steel arch culvert to replace the existing G.R.C.A. Recreational Trail 
culvert.  The RSS will be constructed over the inlet side (east side) of the trail culvert (the side 
nearest Highway 24) and will extend immediately from the face of the steel arch at 30° (in the 
horizontal plane) away from the face of the culvert in both directions.  The proposed length of 
RSS walls on each side of the arch is 3 m.  

Retained soil systems are listed in the Ministry of Ontario (MTO) Designated Sources for 
Materials (DSM) and under Special Provisions 599S22 and 599S23.  The RSS should be 
tendered with the following attributes: 

Application:  Wall/Slope 

Geometry: Vertical (GV) 

Performance: Low 

Appearance: Low 
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Site Specific Geotechnical Considerations 

A 300 mm thick Granular A Leveling Pad should be constructed beneath the RSS. 

The factured geotechnical resistance at ULS for an RSS wall wider than 1.0 m constructed on 
the site soils would be 200 kPa.  The SLS geotechnical reaction for 25 mm total settlement was 
estimated to be much greater than 200 kPa for an RSS wall of 3.0 m or less; therefore, an SLS 
geotechnical reaction of 200 kPa, matching the ULS value, is recommended for design.   

The minimum soil cover to the underside of the leveling pad should be 900 mm.  The minimum 
soil cover to the top of the leveling pad should be 600 mm. 

Unit weight values and effective friction angles provided in Section 6.2 of this report may be 
used for design of the RSS. 

7.2.6 Embankment Design 

A slope stability evaluation was carried out for the reinstatement of the Highway 24 
embankment. The evaluation was carried out using a commercial program Slope/W (Geo-
Slope, 2010).  A traffic load equivalent to 0.8 m of fill has been included in the analyses.  
Figures 7 and 8 in Appendix E show the static and seismic slope stability analysis results for the 
proposed slope. The analysis results indicate that the proposed slope of 2H:1V is appropriate if 
constructed using Select Subgrade Material, Granular A, Granular B I or Granular B II.  
Reinstatement of the downstream slope of the trail embankment should also be constructed to 
2H:1V with a Select Subgrade Material, Granular A, Granular B I or Granular B II.  

8.0 Construction Considerations 

8.1 CONSTRUCTION STAGING 

The partial replacement/rehabilitation of the culvert in this project is anticipated to involve a 
staged construction.  It is understood that a one lane traffic condition is acceptable for the brief 
period required to repair the joint between the two existing culvert extensions.   

Two lanes of traffic are to be maintained during the longer duration required for the replacement 
of the western portion of the Highway culvert. The available Highway 24 cross-section is not 
sufficient to enable open cut excavation for the culvert replacement with two lanes of traffic.  
Therefore roadway protection will be required.  In addition, the proposed work will require a 
minor widening of the existing Highway 24 cross-section to the east.   

Replacement of the culvert segment beneath the recreational trail will require a temporary 
closure of the trail.  Construction can proceed with open excavation in the trail embankment.  
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8.2 EXCAVATION AND BACKFILLING 

Excavation and backfill for the new culverts should be carried out in accordance with OPSS 902 
Construction Specification for Excavation and Backfilling – Structures. 

All vegetation, fill, organic soils and other deleterious materials must be removed from beneath 
the proposed box culvert foundation.  Where deleterious materials are encountered, the material 
should be excavated, wasted and replaced.  The lateral extent of such excavation should 
include all deleterious material within the influence zone of the foundations.   

Side slopes for open cut excavations should conform to the Occupational Health and Safety Act 
(OHSA) regulations for Construction Projects.  The soils encountered at the site may be 
classified in accordance to the OHSA as follows: 

 Existing Embankment Fills  Type 3 Soil 
 Native Till above Water Table Type 2 Soil 
 Native Till below Water Table  Type 3 Soil 

Generally, it is anticipated that construction requirements for temporary open excavations will 
include 1H:1V side slopes extending from the base of the excavation. 

Grading work for reinstatement of the highway and recreational trail embankments along the 
existing culvert alignment should be carried out in accordance with OPSS 206 Construction 
Specification for Grading and SP 206S03.  Backfilling of the culvert should be carried in 
accordance with OPSD 803.010.   

Bedding, leveling and cover material for the culverts should consist of OPSS Granular A. 

8.3 ROADWAY PROTECTION SYSTEM 

It is understood that two traffic lanes are required to be open during the partial culvert 
replacement for Highway 24.  The available embankment width will not allow open cut slopes. 
Hence, a temporary roadway protection is required along with widening of the pavement at the 
inlet side. 

The roadway protection for the culvert replacement will necessitate excavation below the 
groundwater levels.  As such, unwatering of the excavation will be required for the culvert 
replacement, and may also be required during installation of the roadway protection system. 
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The following table compares the available roadway protection options considered for the 
culvert replacement: 

Table 8.1:  Comparison of Roadway Protection Systems 

Option Advantages Disadvantages 
Relative 

Cost 
Risk & 

Consequences 
H-Piles with timber 
lagging; struts/rakers 

• simple 
installation 

• more difficult to 
control unwatering 

Low • No significant risk 
anticipated 

Steel sheet pile 
(SSP) 

• no unwatering 
required during 
roadway 
protection 
installation 

• difficult to 
drive/install in 
dense till with 
frequent cobbles 
boulders (see 
Section 4.1.6) 

High • Damage or loss 
of sheet pile walls 
during driving 

 
H-piles with Timber Lagging presents itself as the most viable option for roadway protection at 
the site. This will be supported with struts or rakers from the construction side.   

A conceptual drawing showing the location of the roadway protection is provided on Drawing 
No. 3 in Appendix D. 

The contractor will ultimately be responsible to develop and implement a roadway protection 
system meeting the requirements of OPSS 539, including establishing appropriate geotechnical 
design parameters. 

Shoring design should meet the requirements of Performance Level 2 as per OPSS 539 and 
should consider traffic loading.  Performance Level 2 specifies a Maximum Angular Distortion of 
1:200 and a Maximum Horizontal Displacement of 25 mm.  Pile and raker spacing must be 
designed not to exceed these limits.  Horizontal movement should be monitored throughout the 
culvert replacement process as described in OPSS 539.  The monitoring requirements outlined 
in OPSS 539 are considered to be appropriate for this project. 

8.4 UNWATERING 

Removal of the underside of the existing foundations of the original 27.1 m long culvert will 
require excavation to 252.1 m or 1.9 m below the water level observed at the time of the 
investigation and 2.8 m below the 25 year water level. 

Control of the water flow in the stream will require a cofferdam or an aquadam to prevent stream 
flow into the excavations.  Given that cobbles and boulders were encountered in the till, an 
aquadam would provide a less risky option.  It is anticipated that creek flow will be diverted 
using pumps to allow construction of the replacement culverts. 

The native soils within the anticipated depth of excavation have a low to moderate hydraulic 
conductivity.  The estimated hydraulic conductivity for the native soil at the site is expected to 
range from 1x10-8 m/s (Sandy Silt with Gravel Till) to 1x10-5 m/s (Silty Sand with Gravel Till).  
Unwatering of the structure excavations using conventional sump and pump techniques should 
be adequate. 
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8.5 EROSION AND SCOUR PROTECTION 

Scour protection will be required to ensure the long-term surficial stability of the embankment 
slopes and adjacent stream banks.  All slopes within 3 m of the culvert inlets and outlets should 
be surfaced with rip-rap at least 300 mm thick placed on a Class II non-woven filter fabric.  For 
the trail crossing, scour protection should also be applied over the stream bed to protect the 
proposed arch culvert footings; the footing embedment depth may be considered as secondary 
scour protection. 

Normal slope vegetation should be established as soon as possible after completion of the 
embankment fills in order to control surficial erosion. 

The contractor should provide silt fences and erosion control blankets, as required, throughout 
the duration of the construction to prevent silt/sediments from running off the site.  

8.6 CEMENT TYPE AND CORROSION PROTECTION 

Two samples of the native soil was submitted to Paracel Laboratories in Ottawa, Ontario for 
analysis of pH, water soluble sulphate and chloride concentrations, and resistivity.  The testing 
was completed to determine the potential for degradation of the concrete in the presence of 
soluble sulphates and the potential for corrosion of exposed steel used in foundations and 
buried infrastructure.  The analysis results are summarized in Table 4.1. 

The concentration of soluble sulphate provides an indication of the degree of sulphate attack 
that is expected for concrete in contact with soil and groundwater at the site.  The soluble 
sulphate concentrations for the two samples were 7 and 9 µg/g.  Soluble sulphate 
concentrations less than 1000 µg/g generally indicate that a low degree of sulphate attack is 
expected for concrete in contact with soil and groundwater.  Type GU (General Use) Portland 
Cement should therefore be suitable for use in concrete at this site.  

The pH, resistivity and chloride concentration provide an indication of the degree of 
corrosiveness of the sub-surface environment.  The soil pH values were 7.7 and 7.9 which are 
within what is considered the normal range for soil pH of 5.5 to 9.0.  The pH levels of the tested 
soil do not indicate a highly corrosive environment.  The test results provided in Table 4.1 may 
be used to aid in the selection of coatings and corrosion protection systems for buried steel 
objects. 
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9.0 Specifications 

The following specifications are referenced in this report: 

Table 9.1:  Specifications Referenced in Report 
Document Title 

OPSS 206 Construction Specification for Grading 
OPSS 539 Construction Specification for Temporary Protection System 
OPSD 803.010 Backfill and Cover for Concrete Culverts with Spans Less Than or Equal to 3.0 m 
OPSS 902 Construction Specification for Excavation and Backfilling - Structures 
OPSD 3090.101 Foundation Frost Depths for Southern Ontario 
OPSD 3101.150 Walls, Abutment, Backfill Minimum Granular Requirements 
SP 206S03 Earth Excavation, Grading 
SP599S22 Retained Soil System, Wall/Slope 
SP599S23 Retained Soil System, Wall/Slope 
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