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PART A – FOUNDATION INVESTIGATION REPORT 
Phillips Creek Culvert Replacement  

Highway 129  
Sault Ste. Marie, Ontario 

GWP 5222-05-00, WP 5222-05-01, Site # 38S-199/C 
 
 

1. INTRODUCTION 

This report summarizes the results of the foundation investigation carried out for the proposed 

Phillips Creek culvert replacement. The culvert is located at Sta. 10+004.5 on Highway 129, 

approximately 13 km north of the Highway 129/Highway 17 intersection, in the Township of 

Bridgeland and Sault Ste. Marie in Algoma District. The investigation was carried out by 

Peto MacCallum Ltd. (PML) for AECOM Canada Ltd (AECOM) on behalf of the Ministry of 

Transportation of Ontario (MTO).  

2. SOURCES OF PREVIOUS INFORMATION 

The following previous report (referred to as Reference 1) is available for the referenced culvert 

site and is included in Appendix B.   

Reference 1: Foundation Investigation and Design Report for proposed crossing at Phillips 
Creek and Highway 129, Township of Bridgeland, Algoma District No. 18, 
Sault Ste. Marie, Ontario, WP 5222-05-01, by Foundation Section, Material 
and Testing Office, Ministry of Transportation and Communication – dated 
June 27, 1969, GEOCRES 41J-005, Site No. 38S-199. 

3. SITE DESCRIPTION AND GEOLOGY 

Refer to Appendix A, Photographs P1 to P4 for general views of the site. The site is located in a 

valley surrounded by steeply sloping hills. The existing Phillips Creek Culvert consists of twin 

3.35 m diameter, 34.3 m long CSP’s. The Highway 129 embankment is approximately 4.0 m high 

at the site.  A hydro power line runs along the west side of Highway 129. The site is surrounded 

by trees. Philips Creek is approximately 8.0 m to 10.0 m wide at the crossing and flows in a south 

east direction towards Philips Bay.  The water level in the creek was at Elevation 225.0 m at the time 

of the current investigations. 

Based on terrain mapping by the Ontario Geological Survey (Northern Ontario Engineering 

Geology Terrain Study, OGS Survey Map 5007) the site is located within Glaciolacustrine plain. 

The subsurface soils at the site consist of glaciolacustrine plain deposits including sandy silts and 

silty clay deposits.  
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Based on bedrock geology mapping by the Ministry of Northern Development and Mines (Ministry 

of Northern Development and Mines, Bedrock Geology of Ontario, S Sheet, Map 2544), the 

typical rock types in the project area are Mafic intrusive rocks with diabase dikes (Marathon 

swarm).  

4. CURRENT INVESTIGATION PROCEDURES 

The previous Foundation Investigation and Design Report, designated as Reference 1 

(Appendix B), was reviewed. The previous test holes were advanced along a proposed 

Highway 129 re-alignment and some soil replacement was recommended to allow the 

construction of the existing twin culverts. As-built drawings were not available at the time of this 

investigation.  The Reference 1 report required a surficial layer of soft organic soils (muck) to be 

excavated and replaced with granular fill for the construction the existing culvert and highway 

platform. The subsurface conditions encountered at depth in the current boreholes are consistent 

with those encountered during the previous investigation. 

The field work for the current foundation investigation consisted of five (5) boreholes that were 

advanced during the period of December 2014 to November 2015. The boreholes were drilled at 

the approximate locations shown on Drawing PC-1 (Appendix C) to depths of 7.7 m to 19.8 m.  

The boreholes were advanced using various types of equipment including truck and 

track-mounted D-53 drill rigs equipped with continuous flight 75 to 200 mm diameter solid and 

hollow stem augers, respectively.  Due to access constraints, the boreholes at the inlet and outlet 

were advanced by washboring within a 75 mm diameter casing with portable tripod drilling 

equipment. The equipment was supplied and operated by specialist drilling contractors working 

under the full-time supervision of a PML field supervisor.   

Soil samples were obtained at selected intervals using a split-spoon sampler in accordance with 

the Standard Penetration Test (SPT) procedures described in the ASTM D1586, Standard Test 

Method for Standard Penetration Test. The drill rigs were equipped with 63.5 kg (140 lb) 

automatic hammers with calibrated 760 mm (30 in.) falls. In-situ vane tests using an MTO ‘N’-size 

vane (ASTM D2573 Standard Test Method for Field Vane Shear Test) and dynamic cone 

penetration (DCP) tests were also conducted to assess the strength characteristics of the 
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substrata. The results of the field tests and observations during and at completion of drilling are 

reported on the Record of Borehole sheets.  

The groundwater conditions were assessed at the borehole locations during and at completion of 

drilling by observation of the groundwater levels in the open holes and the condition of the drilling 

rods and sampler as the samples were retrieved and by examination of the soil samples. 

The boreholes were backfilled with a bentonite/cement mixture in accordance with the MTO guidelines 

and MOE Reg. 903 for borehole abandonment.  

The boreholes were laid out by PML and subsequently surveyed in MTM NAD 83 northing and 

easting coordinates by exp Geomatics under contract to AECOM. The survey provided to AECOM 

was used by PML for this report. 

The recovered soils were identified in the field in accordance with the MTO Soil Classification 

procedures. The soil samples were returned to PML Toronto laboratory for detailed visual 

examination, classification and routine moisture content determination. A total of 25% of the 

recovered samples were tested in the PML laboratories including seventeen (17) grain size 

distribution analyses, ten (10) Atterberg limit tests and fifty-two (52) moisture content determinations.  

5. SUMMARIZED SUBSURFACE CONDITIONS  

Refer to Appendix C for relevant drawings, record of borehole sheets and results of laboratory 

analyses as itemized below illustrating the subsurface conditions including soil classifications, 

groundwater observations and inferred stratigraphy for the current investigation: 

• Borehole Locations Plan and Soil Stratigraphic Profile: (Drawings PC-1 and PC-2) 
Boundaries between soil strata are transitional and have been established at the borehole 
locations only. The boundaries between and beyond boreholes are assumed and may 
vary. 

• Record of Borehole sheets: Boreholes PC-1 to PC-5 
The laboratory test results are shown on the Record of Borehole sheets. 

• Laboratory grain size distribution charts presented in Figures PH-GS-1 to PH-GS-5 
• Laboratory plasticity charts presented in Figures PH-PC-1 to PH-PC-3  
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The existing twin culverts are located within an approximately 4.0 m high granular material 

embankment placed over the native soils. In summary, the subsurface stratigraphy consist of 300 mm 

to 500 mm thick organic layers at the inlet and outlet of the culvert underlain by an  approximately 1.1 m 

to 3.0 m thick non-cohesive deposit of silty/sandy soils along the culvert alignment. A typically firm to 

very stiff cohesive deposit of silty clay to clay silt with soft upper zones was encountered along the 

culvert alignment. The thickness of the cohesive layer varies between 2.4 m to 8.4 m, increasing in 

thickness towards the outlet of the culvert. A cohesionless silty sand/sandy silt deposit with a minimum 

thickness of 2.1 m to 7.8 m was encountered below the cohesive layer.  

The strata encountered are summarised below:  

5.1 Fill  

A 3.0 m to 3.7 m thick layer of sand and gravel fill was encountered surficially in Boreholes PC-2, 

PC-3 and PC-5 drilled from top of the highway embankment (approximately Elevation 228.6 m) 

and extends to elevations ranging from 225.6 m to 225.0 m.  

The SPT “N”-values (“N”-values) measured within the non-cohesive fill typically range from 11 

to 53 blows, indicating a compact to very dense compactness. One “N”-value of 4 was measured 

in Borehole PC-3 at an approximate depth of 3.5 m, indicating a local loose condition at the base 

of the embankment fill platform. This may be attributable to the location of the water table or some 

sampling disturbance.  The results of grain size distribution analyses completed on two selected 

samples are shown on Figure PH-GS-1. 

5.2 Silty Sand to Sand 

In Boreholes PC-1 and PC-4 (culvert inlet and outlet locations), a continuous 1.1 m to 1.6 m thick 

deposit of silty sand to sand was encountered below 300 to 500 mm thicknesses of organic soil 

between Elevations 225.4 m and 224.8 m and below the overlying fill layers in Boreholes PC-2, 

PC-3 and PC-5 at 3.0 m to 3.7 m depths, Elevations 225.6 m to 225.0 m. The deposit extends 

to 1.4 m to 6.0 m depths, Elevations 224.3 m to 222.6 m.  

The “N”-values measured within this deposit range from 1 to 12 blows, indicating a very loose to 

compact compactness. The results of a grain size distribution analysis completed on a sample of 

this deposit are shown on Figure PH-GS-2. 
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5.3 Silty Clay to Clayey Silt  

A 2.4 m to 8.4 m thick deposit of silty clay to clayey silt with interbedded silt layers was 

encountered below silty sand to sand deposit in all boreholes at 1.4 m to 6.0 m depths, 

Elevations 224.3 m to 222.6 m. The deposit extends to depths of 3.8 m to 12.0 m, 

Elevations 221.9 m to 214.8 m.  

The “N”-values measured within this deposit range from 0  (weight of hammer) to 15 blows and 

field Vane shear strengths ranged from 15 to 100 kPa suggesting a soft to stiff  consistency.  

The results of grain size distribution analyses and Atterberg limits tests of selected samples of this 

deposit obtained during the current investigation are shown on Figures PH-GS-3, PH-PC-1 and 

PH-PC-2.  

The Atterberg liquid limit of the silty clay samples ranged from 38 to 40 and the plastic limits 19 to 22 

with plasticity indices of 18 to 19. The natural water content of the silty clay ranged from 34% to 52 %.   

The liquid limit of the clayey silt ranged from 20 to 32 and the plastic limits 18 to 19 indicating plasticity 

indices of 9 to 14.  The natural water content of the clayey silt samples ranged from 18% to 25%. 

The interbedded silt layers exhibited a liquid limit of 20 and a plastic limit of 16 for a plasticity 

index of 4. The natural water content of the silt sample was 30%. 
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5.4 Silty Sand / Sandy Silt  

A continuous deposit of silty sand / sandy silt at least 1.4 m to 7.8 m thick was encountered below 

silty clay to clayey silt deposit in all boreholes at depths varying from 3.0 m to 12.0 m, 

Elevations 221.9 m to 214.8 m. All boreholes were terminated within this deposit at 7.7 to 19.8 m 

depths, Elevations 218.0 m to 208.6 m.  

The “N”-values measured within this deposit typically range from 14 to 114 blows, indicating a 

compact  to very dense compactness, with scattered loose layers exhibiting “N”-values of 4 

to 10 blows.  The compactness generally increases with depth, as shown on the previous 

boreholes and in boreholes PC-1, 2, 3 and 5.  The results of grain size distribution analyses of 

selected samples are shown on Figure PH-GS-4 and the result of an Atterberg Limits test on a 

slightly plastic sample of the sandy silt deposit is shown on Figure PH-PC-2. 

5.5 Groundwater  

The water level in the creek flows from west to east and was at Elevation 225.0 m at the time of 

the current investigations. The water level in the creek governs the water level at the site in view 

of the existing pervious upper soil layers.  

In the process of augering and upon completion of drilling, groundwater was encountered at 0.5 m 

to 3.7 m depths, Elevations 225.0 m to 224.8 m.  

The groundwater level of the creek is subject to seasonal fluctuations and rainfall patterns. 
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Photograph P1: Looking north from the centre of Highway 129 WBL at the 
location of Borehole PC-2. (December 2, 2014)  
 

Photograph P2: Looking north from the south side of the Phillips Creek at the 
location of Borehole PC-4. Two existing CSP culverts are visible.  
(January 13, 2015)  
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Photograph P3: Looking south west from Highway 129 northbound lane 
shoulder. Borehole PC-1 advanced by using a track mount at this location.  
(January 13, 2015)  
 

Photograph P4: Looking south from Highway 129 northbound lane shoulder. 
The slope was covered with low vegetation at the time of the investigation. 
(November 16, 2015)  
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APPENDIX B 

Geocres Report 41J-005 
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APPENDIX C 

Current Borehole Locations Plan and Soil Strata 
Record of Borehole Sheets and  
Results of Laboratory Analyses 
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PART B – FOUNDATION DESIGN REPORT 
Phillips Creek Culvert Replacement  

Highway 129  
Sault Ste. Marie, Ontario 

GWP 5222-05-00, WP 5222-05-01, Site # 38S-199/C 
 
 

7. GENERAL 

This Foundation Design Report is solely for the use of AECOM Canada Ltd. for the detail design 

of this specific project on behalf of the Ministry of Transportation and shall not be used for any 

other purposes or by any other parties including the construction contractor. Refer to the 

associated contract drawings for design requirements.  

 

Where comments are made on construction, they are provided solely to identify aspects that could 

affect the design of the project. Construction contractors should make their own assessment of 

the factual information provided in the Foundation Investigation portion of this report for their 

decisions related to construction including, but not limited to, equipment selection, proposed 

construction methods and scheduling.  

8. PROJECT DESCRIPTION  

It is proposed to replace the existing Philips Creek twin culverts with a single concrete culvert.  

Refer to the Appendix E for the General Arrangement, Conceptual Flow Management and 

Construction Staging drawings for conceptual project details. According to the General 

Arrangement drawing dated February 2016, the existing Philips Creek culvert consists of 

twin 3.35 ×37.43 m Structural Plate Corrugated Steel Pipes (CSP’s) located within the 3.0 

to 3.2 m high embankment fill. The twin CSP culverts will be replaced with a single box culvert 

that will be constructed along the alignment of the most northerly of the existing twin culverts in 

order to utilize the most southerly CSP culvert for the creek flow during the new construction. It is 

proposed to replace the existing culvert with a single precast 5.0 × 3.0 m concrete box culvert with 

a total length of 36 m constructed at a skew angle of 27° 51’ 36” towards south at the 

Highway 129 centreline. It is proposed to use staged construction with centerline roadway 

protection to facilitate construction.  No grade raise has been proposed for the highway.  

Staged construction will be required to remove the existing culvert and to install the new  

Phillip Creek culvert while maintaining traffic on the Highway 129. AECOM provided the 

preliminary staged construction drawings (Philip Creek Culvert Sta. 10+004.5, Bridgland Twp) in 

 165 Cartwright Avenue, Toronto, Ontario  M6A 1V5 
Tel:  (416) 785-5110   Fax:  (416) 785-5120 

E-mail: toronto@petomaccallum.com 
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Construction Staging Dated February 2016) for the one Single Line Traffic that is included in 

Appendix E. Four construction stages are identified for dewatering and traffic control for replacing 

and removing the existing culvert. A summary is provided below. However refrenced should be 

made to Appendix E for details.  

Stage 1:  

a) Install dewatering system and flowing water from south barrel  
b) Excavation and removing west part of north barrel 
c) Installation of box culvert in designated place 

Stage 2:  

d) Excavation and removing east part of north barrel,  
e) Installation of remaining new box culvert 

Stage 3:  

f) Divert flow of the water from replaced culvert 
g) Extending the excavation to south  
h) Removing the east part of south barrel 

Stage 4:  

i) Excavate the west south of the construction site to remove the west part of south barrel 

9. EVALUATION OF ALTERNATIVES  

In general, the critical foundations engineering challenges for this project are maintaining slope 

stability at excavations for construction, managing settlement of the replacement culvert and the 

reinstated highway embankments, dewatering, roadway protection and staging and establishing a 

founding subgrade with adequate bearing resistance for the culvert. 

The following Table 9.1 summarizes evaluations of the culvert types considered, their advantages 

and disadvantages as well as their risks/consequences and relative costs.  
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Table 9.1: Evaluation of Culvert Type Alternatives 

Culvert Type 
(Alternatives) Advantages Disadvantages Risks/Consequences Relative Costs 
# Type 

1 

Precast 
Concrete 
Box 
Culvert 

Ease of 
installation. 

Less time required 
for construction. 

Less complex 
dewatering and 
potential to utilize 
partial dewatering 
with installation in 
the wet. 

More tolerant to 
settlement than 
CIP options. 

Transportation of 
culvert segments.  

Limitation of width 
and height of culvert 
sections in 
comparison to other 
options.  

  

Construction in-
the-wet, if 
adopted, carries 
some risk along 
with advantages.  

Less costly 
construction due 
to shorter 
construction 
time, but cost of 
transportation of 
segments has to 
be considered. 

2 

Cast-in-
Place 
Concrete 
Box 
Culvert 

More flexibility in 
sizing than precast 
option. 

Less transportation 
cost for materials 
than precast 
option. 

 

More dewatering 
required than precast 
concrete box culvert. 

Longer culvert 
construction 
schedule than for 
precast concrete box 
culvert construction. 

Less tolerant to 
settlement than 
precast option.  

Differential 
settlement could 
cause cracking of 
concrete in the 
culvert base and 
walls. 

More costly than 
precast concrete 
box culvert due 
to longer 
construction 
time. 

May require 
excavation below 
water level with 
risk of flooding 
into excavation. 

Higher cost for 
dewatering than 
for concrete 
precast box 
culverts due to 
requirements for 
construction in 
the dry. 
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Table 9.1: Evaluation of Culvert Type Alternatives 

Culvert Type 
(Alternatives) Advantages Disadvantages Risks/Consequences Relative Costs 
# Type 

3 

CIP 
Open 
Footing 
Concrete 
Culvert 

More flexibility in 
sizing. 
Less transportation 
cost for materials 
than precast 
option. 
 

Longer culvert 
construction 
schedule than 
precast option. 
 
Requires footing 
depth to provide frost 
protection. 

Due to deeper 
footings, increased 
risk of flooding of 
excavation and 
undermining 
existing culvert 
that remains in 
place during 
construction. 

Higher cost for 
dewatering than 
for concrete 
precast box 
culverts due to 
requirements for 
construction in 
the dry. 

 
More complex 
dewatering required 
than precast concrete 
box culvert for footing 
construction below 
water table. 

 

Less tolerant to 
settlement than CIP 
concrete box culvert 

 

Culvert type options that minimize dewatering and excavation would be preferable from a 

foundation engineering perspective. Option selection will also depend on the construction staging 

and traffic interruption constraints, the hydraulic capacity and size of the existing and proposed 

culvert and other considerations. From a foundations engineering perspective, the precast box 

culvert alternative is preferred because this option will be less susceptible to differential 

settlements and will be most appropriate for the relatively weak foundation ground at this site.  

The following Table 9.2 summarizes evaluations of foundation types and related measures to 

provide bearing resistances and settlement performance of foundations, their advantages and 

disadvantages as well as their risks/consequences and relative costs.  
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Table 9.2: Evaluation of Foundation Types and Related Measures 

Foundation Type 
(Alternatives) Advantages Disadvantages Risks/Consequences Relative Costs 

# Type 

1 

Shallow 
Foundation 
on cohesive 
ground at 
invert level 
with normal 
backfill 

Conventional 
construction. 

Safety margin for 
settlement 
performance and 
slope stability less 
than ideal.  

Very small risk of 
inadequate settlement 
performance since the 
existing embankment 
configuration has preloaded 
the site. However, the 
safety margin is less than 
ideal as increases in load 
would result in equivalent 
consolidation settlements.  

Risk of slope instability 
during construction 
excavation since the depth 
of excavation is greater 
than the height of the 
existing stable embankment 
about existing ground. This 
risk can be mitigated by 
proper design of 
construction slopes by the 
contractor.  

Low cost.  

2 

Shallow 
Foundation 
on cohesive 
ground at 
invert level 
with 
lightweight 
water cooled 
blast furnace 
slag backfill 

Reduces risk of 
inadequate 
settlement 
performance of 
culvert.  

Requirement to 
import lightweight 
water cooled blast 
furnace slag.  

The water cooled 
blast furnace slag 
should not be 
placed below the 
groundwater level.  

Special 
requirements for 
compaction per 
NSSP in  
Appendix F.  

More complex separation of 
backfill and pavement 
subgrade materials.   

Medium cost 
due to cost of 
purchase and 
transport of 
lightweight 
water cooled 
blast furnace 
slag.  
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Table 9.2: Evaluation of Foundation Types and Related Measures 

Foundation Type 
(Alternatives) Advantages Disadvantages Risks/Consequences Relative Costs 

# Type 

3 

Shallow 
Foundation 
on rock fill 
replacing 
subexcavated 
soft cohesive 
ground with 
normal 
backfill 

Eliminates risk 
of inadequate 
settlement 
performance of 
culvert.  

Complexity of deep 
excavation and 
impact on slope 
stability of existing 
highway 
embankment.  

Significant complexity of 
required deep excavation 
that would require careful 
design of temporary slope 
geometry to avoid slope 
failure.  

High cost due 
to impacts on 
the required 
temporary 
slope 
geometries to 
prevent slope 
instability.  

4 

Shallow 
Foundation 
on improved 
ground 
geopiers 

Eliminates risk 
of inadequate 
settlement 
performance of 
culvert. 

Complexity of 
operation.  

Management of heavy 
construction equipment 
within excavation into soft 
clay.  

High cost due 
to transport of 
specialized 
equipment to 
relatively small 
site.  

5 

Deep 
Foundations 
(Driven 
H-Piles) 

Eliminates risk 
of inadequate 
settlement 
performance of 
culvert. 

Complexity of 
operation.  

Management of heavy 
construction equipment 
within excavation into soft 
clay. 

High cost due 
to transport of 
specialized 
equipment to 
relatively small 
site. 

Based on the evaluation in Table 9.2, it is recommended that Options 3, 4 and 5 can be 

eliminated from further consideration. The selection of Option 1 or Option 2 will be dependent on 

the risk tolerance. Option 1 is feasible if the existing less than optimum safety margin against 

settlement performance is acceptable.  

10. FOUNDATION RECOMMENDATIONS  

The invert levels of the proposed culvert are Elevation 223.1 m at the east end (outlet) and 

Elevation 223.2 m at the west end (inlet).  The proposed road grade at the proposed 3.0 m high 

culvert will be about Elevation 228.8 m indicating that the soil cover above the culvert will be 

approximately up to 2.8 m. 

The following foundation recommendations assume that the selected option will be a precast 

concrete box culvert with conventional backfill.  
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10.1 Staged Construction 

Staged construction will be required to remove the existing culvert and to install the new culvert 

while maintaining traffic on Highway 129.  Refer to Appendix E for details.  

Temporary roadway protection will be required near the centreline in the longitudinal direction of 

the Hwy 129 to maintain traffic.  

Shoring will probably be required in the transverse direction to protect the existing CSP that is 

proposed to be left in place for stream diversion while the other existing CSP culvert is removed to 

facilitate construction of portions of the new concrete box culvert.  

10.2 Excavation and Slope Stability  

The minimum depth of excavation should allow for the levelling and base course requirements.  

Excavation can be carried out in-the-wet or in-the-dry.  

Excavation of the soils should be feasible using conventional excavation equipment. All 

excavations should be undertaken in accordance with OPSS 902 (Excavation and Backfilling of 

Structures).  

According to the Occupational Health and Safety Act (Ontario Regulation 213/91) criteria, native 

loose to compact noncohesive soils are classified as Type 3 soils necessitating temporary cut 

slopes to be inclined at 1H:1V.  However, this geometry is not suitable for this site due to the 

underlying soft clays and the associated risks of deep seated slope instability. The very soft to soft 

cohesive soils and very loose noncohesive soils are classified as Type 4 soils necessitating 

temporary cut slopes to be inclined at 3H:1V or flatter.  

A site specific slope stability analysis was carried out to determine a safe excavation geometry at 

this site due to the underlying soft clay and the risk of slope instability. Refer to Appendix D for a 

conceptual slope stability analysis that illustrate the slope instability risk at this site and indicates 

that excavation slopes up to 6 m high should be sloped at 2H:1V or flatter.  The factor of safety of 

1.2 is considered to be adequate for this temporary slope stability condition. The design water 

level is at approximate Elevation 223.0 m for the analyses.  
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The Contractor should be responsible for carrying out the detailed design for the temporary 

roadway protection. Temporary roadway protection shall be designed in accordance with 

OPSS 539 (Construction Specification for Temporary Protection Systems) and provide a minimum 

performance level 2.  

10.3 Subgrade Preparation  

Preparation of the subgrade for construction of the culvert should be carried out in accordance 

with OPSS 902 and SP 902S01 (Excavation and Backfilling of Structures). 

For the box culvert, it is recommended to provide a 300 mm thick granular bedding below the 

culvert. The bedding material should comprise Granular A or Granular B Type II material, satisfying 

the specifications within OPSS.PROV 1010 (Material Specification for Aggregates - Base, Subbase, 

Select Subgrade, and Backfill Material), compacted to 95% of the ASTM D-698 (standard Proctor) 

maximum dry density in conformance to OPSS 501 (Construction Specification for Compacting).   

 

Alternatively, 19 mm diameter clear stone can be utilized for granular bedding and levelling course 

provided that this material is wrapped with filter fabric to prevent migration of fines from the native 

soil and ultimately potential failure of the culvert. Clear stone should satisfy the specifications in 

OPSS.PROV 1004 (Material Specification for Aggregates) meeting the physical properties and 

gradation requirements of 19 mm Type 2 Clear Stone and placed in accordance with  

OPSS 501 (Construction Specification for Compacting).   

Levelling course and granular bedding can be placed below water level if the material is 

sufficiently self-compacting or by overbuilding above the water level by 1 m and then compacting 

and trimming to the bedding level.  

The granular bedding material should be separated from the underlying ground by a geosynthetic 

filter fabric. The filter fabric should conform to OPSS 1860 (Material Specification for Geotextiles) 

and comprise a Class II non-woven geotextile with a filtration opening size (FOS) of 105 to  

210 µm. The filter fabric should be placed beneath the bedding and extend up each side and to 

the top of the bedding and/or granular cover material. 
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10.4 Bearing Resistance  

The recommended factored geotechnical bearing resistance, computed according with the 

CHBDC, at ultimate limit states (ULS) and the geotechnical reaction at serviceability limit states 

(SLS) for the proposed 5.0 m high and 3.0 m wide concrete box culvert constructed on the native 

cohesive soils are as provided in Table 10.4.  

Table 10.4: Recommended Maximum Bearing Resistances 

Foundation 
Type 

Subgrade material 
Category 

Factored Geotechnical 
Resistance at ULS (kPa) 

Geotechnical 
Resistance at SLS (kPa)  
Assuming Settlements 

Up To 50mm 

Box Culvert Clay 100 80 

The bearing resistance values were derived in consideration of the adequate settlement 

performance of the existing culvert/embankment configuration and the pressure relief from 

removing the existing embankment.   

Watertight flexible joints to accommodate the indicated settlement for the identified subgrade 

material category in the above table should be provided between culvert segments.  

10.5 Lateral Resistance 

The lateral earth and water pressure, p (kPa), will only be applicable for retaining structures such 

as head walls and wing walls (if any) and for the design of shoring and should be computed using 

the following equation assuming a triangular pressure distribution: 

 P   =  K (γh1 + γ'h2 + q) + γw h2 + Cp + Cs 

Where K   =  lateral earth pressure coefficient 
 γ   =  unit weight of free draining granular material above the design water level (kN/m3) 
 γ'   =  unit weight of backfill submerged below the design water level (kN/m3) 
 h1   =  depth below final grade (m), above the design water level 
 h2  =  depth below the design water level (m) 
 q   =  any surcharge load (kN/m2) 
 γw   =  unit weight of water equal to 9.8 kN/m3 
 Cp  = compaction pressure (refer to clause 6.9.3 of CHBDC) 
 Cs =  earth pressure induced by seismic events, kPa (refer to clause 4.6.4 of CHBDC) 

Where Ø = angle of internal friction of retained soil (35º for Granular A) 
 δ =  angle of friction between soil and wall (23.5º for Granular A) 
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The following parameters are recommended for design: 

Table 10.5: Lateral Earth Pressure Parameters  

Parameter 
Granular A,  
Granular B  

Type II  
Noncohesive 

Embankment Fill 
Cohesive 
Ground 

Angle of Internal Friction, degrees 35 30 26 
Unit Weight, kN/m3 22.8 20 17 
Active Earth Pressure Coefficient (Ka) 0.27 0.33 0.39 
At-Rest Earth Pressure Coefficient (Ko)  0.43 0.5 0.56 
Passive Earth Pressure Coefficient (Kp)  3.69 3.0 2.57 

 

The design should consider both the maximum water level and the stabilised groundwater level 

condition. 

The coefficient of earth pressure at rest should be employed to design rigid and unyielding walls 

and the active earth pressure coefficient for unrestrained structures. Concrete culverts are 

considered to be constrained. 

10.6 Settlement 

Since the existing Philip Creek culvert has been in place and the underlying cohesive soils have 

been loaded with some 3.0 m of fill for a substantial period of time (estimated to be over 40 years) 

the estimated additional settlement under the new culvert is expected to be less than 50 mm but 

could be negligible provided that the load imposed on the ground is not increased. However, the 

underlying cohesive soil that has not been preloaded by the highway embankment is normally 

consolidated and will experience settlement generally directly related to any increase in load over 

existing conditions.  If the culvert is extended or if Hwy 129 is widened in future, additional 

settlements will occur with estimated magnitude of 10% of the additional fill height assuming fill with 

unit weight in the order of 20 kN/m3. 

10.7 Camber 

The base of the culvert should be placed at the inlet invert elevation from the invert to the culvert 

centre and then slope down to the outlet invert elevation in order to minimize the effect of any 

settlements that do occur under the culvert.  
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10.8 Culvert Backfill  

Backfill adjacent to the box culvert should be placed in accordance with OPSS 501 (Construction 

Specification for Compacting), OPSS 422 (Construction Specification for Precast Reinforced 

Concrete Box Culverts and Box Sewers in Open Cut), OPSD 803.010 (Backfill and Cover for 

Concrete Culverts), MTO SP 422S01 (Precast Concrete Box Culvert) and MTOD 803.021 

(Bedding and Backfill for Precast Concrete Box Culverts).    

Backfill should be brought up simultaneously on each side of the box culvert. The operation of 

heavy equipment within a horizontal distance defined as 0.5 times the height of the culvert should 

be restricted to minimise the potential for movement and/or damage of the culvert due to the 

lateral earth pressure induced by compaction.  

The box culverts must be designed to resist the unbalanced lateral earth pressure and 

compaction pressure exerted by the backfill adjacent to the box culvert walls. 

10.9 Embankment Fill  

Embankment fill should be comprised of suitable earth fill or granular fill.  

All embankment fill, above the prevailing groundwater, should be placed and compacted in 

accordance with OPSS.PROV 206 (Construction Specification for Grading).  

The placement below the prevailing groundwater will be in-the-wet, and as such materials should 

be end-dumped without compaction and up to a minimum of 1 m above the groundwater level.  

The material should be then compacted in accordance with OPSS 501 (Construction Specification 

for Compacting).   

The earth embankment side slopes should be inclined no steeper than 2H:1V. If earth slope 

flattening is indicated, a vegetation cover over slope flattening material or other measures to 

control surface runoff and minimise erosion of the embankment slopes should be implemented. 
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10.10  Erosion Control  

The protective measures noted in the OPSD 800 series to deal with erosion (inlet/outlet treatment, 

headwalls, cut-off walls etc.) are considered to be appropriate. The backfill should comprise 

OPSS Granular A or Granular B Type II.  

Inlet and outlet protection in accordance with OPSS 511 (Construction Specification for Rip-Rap, 

Rock Protection and Granular Sheeting), OPSS. PROV 1004 (Material Specification for 

Aggregates) and OPSD 810.010 (General Rip-Rap Layout Sewer and Culvert Outlets) is 

recommended to prevent erosion adjacent to the culvert as well as scour.  

It is recommended that horizontal inlet cut-offs and rock protection and outlet erosion protection 

should be considered instead of vertical cut-offs and structural head walls in order to minimize 

excavation into bedrock and construction below the groundwater level. In this case, the following 

recommendations are minimum requirements from a foundations engineering perspective that 

should be reviewed by the hydrologist and enhanced as required for hydrological purposes:  

• The length and width of horizontal cut-off aprons shall be a minimum of 2.0 m or twice 
the diameter of the culvert, whichever is less. 

• The rock protection shall conform to OPSS 511 (Construction Specification for  
Rip-Rap, Rock Protection and Granular Sheeting) with a minimum dimension of 0.3 m 
and a minimum thickness of 0.5 m and extend to a minimum of 0.3 m above the 
culvert obvert level. 

• Clay seals at the inlet shall be in conformance with OPSS 1205 (Material 
Specification for Clay Seal) and extend over the area defined under rock protection. 

• Drainage and/or filter blankets at the outlet shall extend over the area defined under 
rock protection and may consist of a natural filter consisting of a minimum thickness 
of 0.3 m of Granular A or non-woven Class II geotextile with an FOS of 75-150 µm 
according to OPSS 1860 (Material Specification for Geotextiles). The filter shall be 
placed below the rock protection to minimize the potential for erosion of fine particles 
from below the treatment.   

Where embankments are composed of earth, they should be covered with topsoil or suitable 

excess earth material from swamps or muskeg areas and seeded in accordance with OPSS 802 

(Construction Specification for Topsoil) and OPSS 804 (Construction Specification for Topsoil) as 

soon after grading as possible to prevent erosion.   
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Refer to OPSS 511 - Construction Specification for Rip-Rap, Rock Protection and Granular 

Sheeting, for design and installation requirements for these types of erosion control treatments.  

Refer to OPSS.PROV 804 - Construction Specification for Seed and Cover, for design and 

installation requirement for Matrix Bonded Fabric (BMF) for erosion control.  

10.11 Sliding Resistance 

The following parameters should be used to compute the sliding resistance of precast box culvert.  

The friction angles have been reduced by a factor of 0.67 for precast box culvert foundations to 

account for the smooth concrete base. 

Soil Type 
Foundation Friction Angle 

(Degrees) 
Unit 

Weight 
(kN/m3) Cast-In-Place 

Granular A or Granular B Type II 
or 19 mm Clear Stone  35 22.8 

Very Soft to Firm  
Clayey Soils 26 20.0 

 

The structural designer should use a factor of 0.8 for the above values of friction angle and 

cohesion when performing the sliding resistance check.  

10.12 Frost Depth 

Although the foundation frost depth for structure foundations at this site is 1.8 m, according to the 

OPSD 3090.100 (Foundation, Frost Penetration depths for Northern Ontario), the frost depths for 

design should be 2.0 m to be consistent with pavement design report recommendations.  Frost 

protection is not required for concrete box culverts provided that the box culvert has sufficient 

structural strength to withstand pressures imposed by frost action.   

10.13 Seismic Considerations 
The Peak Ground Acceleration (PGA) for the project site is 0.036 for the City of Sault Ste. Marie, 

Ontario (National Building Code of Canada, 2015). The soil at this site for seismic design 

purposes is classified as Type E, in accordance with Clause 4.4.3.2, CHBDC 2014. 
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11. CONSTRUCTION CONSIDERATIONS  

11.1 Groundwater Control 

For construction in-the-dry, it would be necessary to implement measures to control the surface 

water flow and the groundwater. Conventional procedures such as dam and pump and/or 

diversion of the stream may be sufficient to control surface water flow. It is noted that the 

groundwater levels are subject to seasonal fluctuations and precipitation patterns. The contract 

documents should include an NSSP stating that the groundwater level should be lowered to a 

minimum 0.5 m below the proposed founding levels for construction in-the-dry. Refer to 

Appendix F for related specifications and NSSP’s. Dewatering along the culvert alignment would 

be challenging due to the nature of the ground and may require an enclosed cofferdam for 

construction in-the-dry.  

However, construction in-the-wet is feasible by excavating without dewatering, overbuilding the 

levelling course/bedding and compacting, then trimming to the required top of bedding elevation. 

Construction in-the-wet should be considered in order to avoid the challenges and costs 

associated with construction in-the-dry. 

In accordance with the Ontario Water Resources Act, the Water Taking and Transfer 

Regulation 387/04, a Permit to Take Water (PTTW) from the Ministry of Environment is required if 

the dewatering discharge is greater than 50,000 L/day. The expected daily flows at the culvert 

location should be assessed to determine if this permit will be necessary. It may be prudent to 

obtain the PTTW to avoid delays should the PTTW become necessary during construction.  
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11.1.1 Planned Staging for Temporary Stream Diversion 

Refer to Appendix E for details of proposed staging and temporary stream diversion.  

11.1.2  ‘Red Flag’ Issues 

The “red-flag” issues outlined and the recommended methods of overcoming these issues noted 

in the following sections of this report are intended to alert and aid the designer and where 

appropriate to alert the Contractor through subsequent contract specification. It is noted that no 

responsibility or liability is assumed by the MTO or its design consultants for alerting the 

contractor to all “red-flag” issues. The requirement to deliver acceptable construction quality 

remains the responsibility of the Contractor.  

The red-flag issues for this project consist of challenging slope stability and settlement conditions 

and potentially complex dewatering challenges.  

All construction work should be carried out in accordance with the Occupational Health and Safety 

Act and with local/MTO regulations. 

11.2 Contract Specifications  
A list of standard specifications and draft NSSP’s relevant to this report are compiled in 

Appendix F.  
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APPENDIX D 
Slope Stability Analysis Figure  
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APPENDIX E 
General Arrangement Drawing and Staging Procedure 
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APPENDIX F 
List of Ontario Provincial Standard Documents Relevant to Report 

Non-Standard Specific Provision (NSSP) 
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LIST OF STANDARD SPECIFICATIONS RELEVANT TO REPORT 

DOCUMENT TITLE 

OPSS 422 Construction Specification for Precast Reinforced Concrete Box 
Culverts and Box Sewers in Open Cut 

OPSS 501 Construction Specification for Compacting 

OPSS 511 Construction Specification for Rip-Rap, Rock Protection and Granular 
Sheeting 

OPSS 539 Construction Specification For Temporary Protection Systems 

OPSS 802  Construction Specification for Topsoil 

OPSS 804 Construction Specification for Seed and Cover 

OPSS 902 Excavation and Backfilling of Structures 

OPSS 1205 Material Specification for Clay Seal  

OPSS 1860 Material Specification for Geotextiles 

OPSS.PROV 206 Construction Specification for Grading 

OPSS.PROV.804 Construction Specification for Seed and Cover 

OPSS.PROV.1004 Material Specification for Aggregates - Miscellaneous 

OPSS.PROV 1010 Material Specification for Aggregates - Base, Subbase, Select 
Subgrade, And Backfill Material 

OPSD 803.010 Backfill and Cover for Concrete Culverts 

OPSD 810.010 General Rip-Rap Layout Sewer and Culvert Outlets 

OPSD 3090.100 Foundation Frost Depth for Northern Ontario 

SP 902S01 Excavation and Backfilling of Structures  
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NON-STANDARD SPECIAL PROVISIONS (NSSP)  
 

NSSP – Surface Water Control and Dewatering (Addition to OPSS 902)  

The Contractor shall take measures for necessary surface water diversions and drainage. For 

construction in-the-dry, the Contractor shall implement dewatering to lower the prevailing 

groundwater level a minimum of 0.5 m below the base of excavations.  

 

NSSP – Excavations and Slope Stability (Addition to OPSS 902 and OPSS 539) 

The Contractor is advised that the weak subsoils at the site require careful design of excavation 
and fill slope geometries and shoring schemes including slope and excavation protection for the 
removal of one barrel of the existing CSP culvert to maintain the stability of the CSP culvert that 
will be left in place for water diversion. The Contractor is also advised to restrict the stockpiling of 
material and the placement of heavy equipment near slope crests in order to prevent slope 
instabilities. The analyses and discussions in the Foundation Design Report are provided for 
conceptual illustration of the issue. The Contractor is responsible for carrying out slope stability 
analyses and design of excavation and slope geometries and temporary roadway protection 
schemes and shoring schemes required for their operations.  

 

NSSP – Settlement Management (Addition to OPSS 902) 

The Contractor is advised that their design and construction should minimize additional loading on 
foundation soil over existing levels as increases in loading over existing levels will cause related 
settlements that may be excessive.  
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NSSP - Lightweight Blast Furnace Slag Material And Placement 

SCOPE 
 
This non standard special provision covers the requirements for the supply and placement of the 
lightweight blast furnace slag. 
 
DEFINITIONS 
 
Quality Verification Engineer:  means an Engineer with a minimum of five (5) years experience 
related to embankment materials and construction , or alternatively has demonstrated expertise 
by providing satisfactory quality verification services for the work at a  minimum of two (2) projects 
of similar scope to the Contract. The Quality Verification Engineer shall be retained by the 
Contractor to certify that the work is in general conformance with the contract documents and 
issue of certificate(s)of conformance. 
 
SUBMISSION AND DESIGN REQUIREMENTS 
 
The Contractor shall submit to the Contract Administrator Certificates of Conformance sealed and 
signed by the Quality Verification Engineer stating that: 
 
1. the material satisfies the requirements of this specification  
 
and 
 
2. the material satisfies the requirements of this specification and work has been carried out 

in general conformance with the contract documents and specifications. 
 
The Contractor shall submit to the Contractor the Certificate of Conformance for the material 
properties prior to the placement of the lightweight fill material on the contract.  The material 
properties shall be determined using the test procedure specified in Table 1. 
 
The Contractor shall submit to the Contract Administrator, for information only, all Quality Control 
Test Results. 
 
MATERIAL 
 
The Lightweight Blast Furnace Slag shall satisfy the physical, mechanical and chemical property 
requirements specified in Table 1:  

Table 1 – Material Properties 
Material Property Test Procedure 

In-Situ Wet Unit Weight < 14 kN/m3 ASTM 4914-89 
Angle of Internal Friction > 35 ° ASTM 2850-95 
Hydraulic Conductivity > 8 E-03 cm/s ASTM 5856-95, Method A 
Chemical Composition  The material shall meet the leachate criteria established under  

Ontario Regulation 347. 
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The Contractor shall retain a certified laboratory that has been inspected and accepted by the 
MTO to undertake the testing of the material properties. 
    
CONSTRUCTION 
 
The intention is to achieve adequate compaction without crushing the material since crushing 
would increase its unit weight. The contractor is advised that lightweight blast furnace slag is 
susceptible to crushing if overcompacted and that careful construction supervision is required. 

 
For embankment construction, the Contractor shall build a trial area consisting of two equal lifts of 
300mm each, to establish a placement procedure capable of achieving compaction that will provide 
the specified in situ wet unit weight without evidence of crushing. Gradation as per ASTM D422-63 
before and after compaction effort shall be performed to determine that crushing is kept within 5%.   
In situ unit weight testing shall be as per ASTM 4914-89 and results will be used to determine that  
the specification is met.  
 
QUALITY ASSURANCE  
 
General 
 
QA will be carried out by the Owner for purposes of ensuring that the materials used in the work 
conform to the physical, mechanical and chemical property requirements of this special provision.  
Notwithstanding the requirements for QA sampling as indicated below, the Owner reserves the 
right to obtain a sample at any time without notice for any purpose. 
 
Sampling 
 
QA samples shall be taken in accordance with the individual test procedure requirements under 
the supervision of the Quality Verification Engineer(QVE).  QA samples shall be obtained by the 
Contractor in the presence of the Contract Administrator 
 
All Quality Assurance samples shall be delivered by the Contractor to a laboratory designated by the 
Owner within 500 km of the contract limits no later than 2 business days from the date of sampling. 
 
For QA sampling, the Contractor shall provide new sample bags or containers that are 
constructed to prevent the loss of any part of the material or contamination or damage to the 
contents during shipment.  The sample bags or containers shall be sufficiently strong and shall be 
securely fastened. 
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Testing of Samples 
 
Samples shall be tested as summarized in the Table 1 below. 
 

TABLE 1 

Property Test Procedure # of tests per lot 
 

Gradation(Before and After Compaction) ASTM D422-63 2 from each lift 

Insitu Density ASTM 4914-89 2 from each lift 

Leachate Acetic Acid Leach Test 
according to O. Regulation 347 

1 prior to initial placement 

 
 
 
MEASUREMENT OF PAYMENT 
 
The unit measurement will be cubic metres for the lightweight fill material placed in situ as per the 
requirements of the contract. 
 
BASIS OF PAYMENT 
  
Payment at the contract price for the above tender item shall be full compensation for all labour 
equipment and materials required to do the work. 
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