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1. INTRODUCTION 

The Foundation Engineering Services for the present project involve the detail foundation 

investigation and design for the rehabilitation of 59 structures in MTO West Region along 

Highways 4, 6, 401, 402 and 403.  Ten (10) Group Work Projects (GWP) are contemplated to be 

completed between 2014 and 2020.   

This technical memorandum summarizes the factual results of geotechnical data based on the 

review and compilation of existing subsurface information from relevant reports in the  

MTO GEOCRES Library for the Highway 402 Canadian National Railway (CNR) Overhead EBL 

(Eastbound Lanes) and WBL (Westbound Lanes).  The Foundation Engineering 

recommendations from the existing foundation reports are summarized with reference to the 

“Canadian Highway Bridge Design Code” (CHBDC) and follow in general the “Guidelines for 

Professional Engineers providing Geotechnical Engineering Services”. 

From the MMM Group’s Minutes of Meeting Report, dated May 1, 2015, it is understood that the 

CNR Overhead EBL and WBL on Highway 402 will be both rehabilitated in two stages maintaining 

a single 3500 mm lane and 500 mm shoulders on each structure during each stage.   

The purpose of the technical memorandum is to summarize the subsurface and groundwater 

conditions and foundation recommendations based on available reports at the overhead structure 

location for the design project team’s reference.  

The elevations in this report are expressed in meters, unless otherwise noted. 
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2. PROJECT SITE BACKGROUND AND GEOLOGY 

The CNR EBL/WBL Overhead structures on Highway 402 are located at approximately 243.8 m 

(800.0 ft.) west of the 20th sideroad, in the Geographic Township of Strathroy-Caradoc, Middlesex 

County, Ontario.  A key plan is shown in Figure 1.  

The existing Highway 402 overhead structures pass over the single CNR track and a service road 

parallel to the railway on twin structures that carry two lanes of traffic in each direction.  The 

surrounding areas around the site location are generally flat farming lands on both sides of 

Highway 402.  

Physiographically, the site is situated in the region known as the Caradoc Sand Plains. The 

Caradoc Sand Plains comprise large water-laid alluvial beach deposits.  This plain was formed 

when the early Thames River discharged into Glacial Lake Warren forming a sand gravel deltaic 

deposit.  Clay plains occur in association with the sand plains and represent the sediment that 

was deposited in deeper water further off than the alluvial beach deposits (sand plains).  The 

limestone, dolostone or shale bedrock in the area belongs to the Hamilton Group of Middle 

Devonian period.  The bedrock surface at the site location is between elevation 160.0 to 167.6 

(525.0 to 550.0 ft.) (Map 1564, Bedrock Topography Series: Strathroy Area, Southern Ontario, 

Ontario Department of Mines) some 74.0 to 80.0 m (243.0 to 262.0 ft) below ground surface. 

3. SOURCE OF INFORMATION 

The following foundation reports and drawings, provided in Appendix A, were available for review 

and provided information for the overhead structures, subsoil information and original foundation 

recommendations.    

Reference 1. Foundation Investigation Report for W.P. 40-66-13/14, Site 19-527, Hwy. 402, 

District 2, London, CNR Overhead EBL/WBL, 5.8 Miles West of Hwy 2, Soil 

Mechanics Section, Geotechnical Office, West Bldg., dated April 30, 1976. 

GEOCRES No.: 40I13-47 
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Reference 2. Foundation Investigation Report for C.N.R. Overhead E.B.L. and W.B.L., 

W.P.s 40-66-13/14, Site Nos. 19-527 A/B, Hwy. 402, District 2, London, 

Foundation Investigation Report, Contract No. 79-51, Pages 3-19, dated 

January, 1979. 

Reference 3. Memorandum for C.N.R. Overhead, East Approach Embankment,  

Site No. 19-527, Highway 402, District 2, London, Foundation Design Section, 

Room 315, Central Building, dated September 18, 1985. 

Reference 4. General Plan Drawing, E.B.L. Bridge, Hwy 402, CNR Overhead, 5.8 miles 
West of Hwy 2, DWG 1, Sheet 213, Site No. 19-527A, Dist. 2, Cont No. 79-51, 
WP No. 40-66-13, dated March 1978. 

Reference 5. Foundation Layout Drawing, E.B.L. Bridge Hwy 402, CNR Overhead, DWG 3, 
Sheet 215, Site No. 19-527A, Dist. 2, Cont No. 79-51, WP No. 40-66-13, 
dated March 1978. 

Reference 6. General Plan Drawing, W.B.L. Bridge, Hwy 402, CNR Overhead, 5.8 miles 
West of Hwy 2, DWG 1, Sheet 233, Site No. 19-527B, Dist. 2, Cont No. 79-51,  
WP No. 40-66-14, dated March, 1978. 

Reference 7. Foundation Layout Drawing, W.B.L. Bridge Hwy 402, CNR Overhead, 
DWG 3, Sheet 235, Site No. 19-527B, Dist. 2, Cont No. 79-51, 
WP No. 40-66-14, dated March 1978. 

4. SITE RECONNAISSANCE 

As part of the current foundation engineering assessment study, site reconnaissance of the 

CNR Overhead EBL and WBL structures was carried out on July 27, 2016.   

The site photographs present the conditions of the CNR EBL and WBL structures including visible 

portions of the abutments, wing walls and piers and abutment slope assessment based on visible 

areas, apparent areas of soil erosion and abutment slope cover. 

Surficial cracks were observed on the east and west abutment walls and the associated north and 

south wing walls with each abutment of the CNR Overhead EBL and WBL structures 

(Photographs 1, 2, 3, 4, 8, 11, 12, 13, 14, 17 and 19).  A local concrete spalling was observed on 

the north wingwall of the east abutment of the CNR Overhead EBL structure (Photograph 10).  

Weep holes were not observed in the east and west abutment walls for the CNR Overhead EBL 

and WBL structures.  
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The front slopes of the abutments were covered with crushed rock (Photographs 1, 4, 8, 11, 14 

and 17).  Weed growth through the crushed rock was observed in front slopes of the abutments.  

However, effect of erosion was not observed on the front slopes.  The adjacent slopes of the east 

and west abutments and the median (between the two structures) slopes between the abutments 

for the structures were observed to be vegetated and the effect of erosion was not observed on 

the slope faces (Photographs 2, 3, 9, 10, 12, 13, 18 and 19).  A corrugated steel pipe (C.S.P.) was 

observed coming out of the north slope adjacent to west abutment of WBL structure 

(Photograph 13).   

Surficial cracks were observed on the piers and the crash walls of the EBL and WBL structures.  

The ground surface around the piers and crash walls were vegetated.  The effect of erosion was 

not observed at Pier Nos. 2 and 3 of EBL structure and Piers Nos. 1 to 3 of WBL structure 

(Photographs 4, 6, 7, 14, 15 and 16).  Slight erosion was observed at the toe of northerly column 

of Pier No. 1 of EBL structure (Photograph 5). 

During the site reconnaissance on July 27, 2016, there was no observation of the French drains 

and perforated pipe at the east approach and no stability problem was observed at the site 

location. 

5. PREVIOUS FIELD INVESTIGATION AND SUMMARIZED SUBSURFACE CONDITIONS 

A Foundation Investigation Report, dated April 30, 1976 (Reference 1) was originally prepared for 

the CNR Overhead EBL/WBL structures. The description of the subsurface conditions from 

Reference 1 was superseded by the Foundation Investigation Report, dated January, 1979 

(Reference 2) for the contract purpose.   

The general subsurface conditions presented in this section are based on the Foundation Report, 

dated January, 1979 (Reference 2).  
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The foundation investigation comprised ten (10) boreholes (1 to 10) and eight (8) dynamic cone 

penetration tests (DCPT) adjacent to boreholes 1 to 4 and 7 to 10, which were investigated from 

February 16 to 26, 1976.  The sampled boreholes were drilled to depths of 8.1 to 38.3 m (26.5 to 

125.5 ft.), elevation 203.8 to 234.0 (668.5 to 767.8 ft.).   

Reference 1 includes the borehole location plan (Drawing No. 406613 & 14-A), Record of 

Borehole sheets (1 to 10) and the grain size distribution test results Figure No. 1.  Reference 2 

includes Record of Borehole sheets (1 to 10) and the grain size distribution test results  

Figure No. 1, however, the Contract Drawings (Drawing 19-527A-2 and 19-527B-2) are not 

included in Reference 2. 

Boreholes 1, 3, 5, 7 and 9 were investigated at or near the east abutments, piers, and west 

abutment of WBL structure and boreholes 2, 4, 6, 8 and 10 were investigated at the east 

abutments, piers and west abutment of EBL structure.  

Based on Reference 2, the boreholes were drilled by employing continuous flight auger machines, 

mounted either on a muskeg vehicle or on an all-terrain vehicle and equipped with 83 mm 

(3 ¼ in.) I.D. hollow stem augers that was advanced into the soil without the use of a plug.  A split 

spoon was washed down to below the bottom of the augers in order to minimize the hydraulic 

disturbance to the soil during the removal of the rods from the hollow stem augers.  

5.1 General 

Generally, a loose to very dense silt layer overlaid alternating layers of stiff to hard clayey silt and 

compact to very dense sand.  

5.1.1 Silt 

A loose to very dense 3.0 to 4.6 m (10.0 to 15.0 ft.) thick surficial deposit of silt layer was 

encountered in all of the ten boreholes, which extended to 3.0 to 4.6 m (10.0 to 15.0 ft.), elevation 

237.3 to 239.0 (778.5 to 784.0 ft.).  N values ranged between 5 and over 100.   Lower N values of 

5 to 10 were recorded within the upper portion of the silt layer in boreholes 3, 4, 6, 7, 9 and 10.   
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Grain size distribution results of five selected samples indicated 2 to 7% sand, 84 to 96% silt and 

2 to 14% clay sized particles.  The Atterberg liquid limit and the corresponding plastic limit of one 

selected sample from borehole 2 was 20 and 18, respectively, and the plasticity index value was 

2, indicating the silt was non-plastic.  Moisture content determinations of the samples ranged from 

18 to 21%.  

5.1.2 Clayey Silt 

Discontinuous 1.4 to 18.1 m (4.5 to 59.5 ft.) thick layers of clayey silt were encountered in 

boreholes 3 to 10.  An upper clayey silt encountered below the surficial silt layer in boreholes 4 to 

10 at 3.0 to 3.7 m (10.0 to 12.0 ft.), elevation 238.0 to 239.0 (780.7 to 784.0 ft.) extended to 4.6 to 

5.5 m (15.0 to 18.0 ft.), elevation 236.4 to 237.4 (775.7 to 779.0 ft.).  A second layer of clayey silt 

encountered below sand layer in boreholes 3 to 10 at 6.7 to 9.4 m (22.0 to 31.0 ft.),  

elevation 232.6 to 234.9 (763.1 to 770.7 ft.) extended to 8.2 to 12.5 m (27.0 to 41.0 ft.), elevation 

229.5 to 233.4 (753.1 to 765.7 ft.).  A lower clayey silt layer encountered in boreholes 3, 4, and 7 

to 9 at 18.9 to 20.1 m (62.0 to 66.0 ft.), elevation 221.9 to 223.1 (728.0 to 732.1 ft.) 

extended to the termination depths ranging from 20.3 to 38.3 m (66.5 to 125.5 ft.), elevation 203.8 

to 221.8 (668.5 to 727.6 ft.).  N values of clayey silt were increasing with depth ranging from 12 to 

over 100, indicating stiff to hard consistency. 

Grain size distribution results of two selected clayey silt samples indicated 0 and 1% sand, 62 and 

80% silt, and 38 and 19% clay sized particles, respectively.  The Atterberg liquid limits were 17 to 

29, and the corresponding plastic limits were 11 to 17.  The plasticity values were 3 to 12.   

Moisture content determinations ranged from 13 to 21%. 

The shear strength values obtained from laboratory unconfined tests performed on two selected 

clayey silt samples from borehole 5 were approximately 121 kPa (2533 psf) and 107 kPa  

(2233 psf), respectively, confirming very stiff consistency. 
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5.1.3 Sand 

A 3.5 (11.5 ft.) thick sand layer was encountered below the surficial silt layer in boreholes 1 and 2 

at 4.6 m (15 ft.), elevation 237.5 and 237.3 (779.3 and 778.5 ft.) and extended to the termination 

depth of 8.1 m (26.5 ft.), elevation 234.0 and 233.8 (767.8 to 767.0 ft.).   

Two 1.5 to 12.0 m (5.0 to 39.5 ft.) thick sand layers were encountered in boreholes 3 to 10.  The 

upper sand layer was encountered at 4.6 to 5.5 m (15.0 to 18.0 ft.), elevation 236.4 to 237.5 

(775.7 to 779.1 ft.) and extended to 6.7 to 9.4 m (22.0 to 31.0 ft.), elevation 232.6 to 234.9 (763.1 

to 770.7 ft.).   

The lower sand layer was encountered in borehole 3 to 10 at 8.2 to 12.5 m (27.0 to 41.0 ft.), 

elevation 229.5 to 233.4 (753.1 to 765.7 ft.).  The lower sand layer extended to 18.9 to 20.1 m 

(62.0 to 66.0 ft), elevation 221.9 to 223.1 (728.0 to 732.1 ft) in boreholes 3, 4 and 7 to 9 and to 

borehole termination depths 12.6 to 20.3 m (41.5 to 66.5 ft.), elevation 221.3 to 229.4 (726.2 to 

752.5 ft.) in boreholes 5, 6 and 10. 

N values of sand ranged from 15 to over 100, indicating compact to very dense compactness 

condition. 

Grain size distribution results of eleven selected sand samples from boreholes 1, 2, 4, 5, 7 and 10 

indicated 0 to 26% gravel, 68 to 92% sand, and 6 to 23% silt and clay sized particles; and grain 

size distribution results of one selected sand samples from borehole 4 indicated included 34% 

sand, 62% silt, and 4% clay sized particles.  Moisture content determinations ranged from  

9 to 21%. 
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5.1.4 Groundwater 

The following groundwater levels were observed in the boreholes during the field investigation: 

BOREHOLE 
NO. 

GROUND SURFACE 
ELEVATION  

m (ft.) 

GROUNDWATER 
ELEVATION  

m (ft.) 

DEPTH BELOW 
GROUND SURFACE  

m (ft.) 

1 242.1 (794.3) 241.8 (793.2) 0.3 (1.1) 

2 241.9 (793.5) 241.7 (793.0) 0.2 (0.5) 

3 242.0 (794.1) 241.7 (793.0) 0.3 (1.1) 

4 

 
242.0 (794.0) 241.7 (792.9) 0.3 (1.1) 

5 242.1 (794.3) 241.7 (793.0) 0.4 (1.3) 

6 241.6 (792.7) 241.5 (792.2) 0.2 (0.5) 

7 242.0 (793.8) 241.6 (792.7) 0.3 (1.1) 

8 242.0 (794.0) 241.7 (792.9) 0.3 (1.1) 

9 241.9 (793.7) 241.6 (792.6) 0.3 (1.1) 

10 242.0 (794.0) 241.7 (792.9) 0.3 (1.1) 

Reference 2 indicated that the shallow water levels encountered in all the boreholes were due to 

the extensive ponding caused by the prolonged thaw in February during the field work. It was 

assumed that the water levels were lower during other seasons of the year. 

6. FOUNDATION 

6.1 Previous Foundation Recommendations 

The foundation recommendations presented in Reference 1 were provided for twin structures to 

carry Highway 402 over the double CNR tracks and a service road parallel to the railway. The 

approach embankments of the overhead structures were to be approximately 10.1 m (33 ft.) in 

height, and the spans were to be 17.7 (58 ft.), 28.0 (92 ft.), 26.5 (87 ft.) and  

17.7 m (58 ft.). 
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Based on the site reconnaissance at the crossing, it was observed that the CNR Overhead EBL 

and WBL structures are crossing over a single CNR track and the service road. 

The previous foundation recommendations presented in the following sections are based on the 

Foundation Investigation Report, dated April 30, 1976 (Reference 1). 

6.1.1 Structure Foundations 

6.1.1.1 Perched Abutments 

It was recommended that perched abutments be supported on steel tube piles with the 

dimensions of 323 mm (12 ¾ in.) O.D. and 6 mm (1/4 in.) wall thickness.  A design load of 

222.4 kN (25 tons) per pile was recommended when the piles were driven to elevation 237.7 

(780.0 ft.) at the east abutments and elevation 239.3 (785.0 ft.) at the west abutments. 

As an alternative, it was also recommended that the design load of 533.8 kN (60 tons) be 

achieved at approximately 230.1 (755.0 ft.), if pile driving was to be controlled by employing the 

Hiley Dynamic Pile Driving Formula.  

However, it was deemed that the timber piles are not suitable for the perch abutment, due to the 

difficulties of driving the timber piles through the approach fills placed at the footages of the 

perched abutments. 

6.1.1.2 Piers 

Based on Reference 1, three foundation types were suggested as options for supporting the piers, 

including spread footings, tube piles and timber piles. 

 The spread footings were recommended to support the piers at elevation 239.6 

(786.0 ft.).  A design load of 287.3 kPa (3 tsf) was recommended and 25 mm  

(1 in.) settlement was assumed.  It was recommended that a dewatering 

scheme employing sheet piling be required for the use of spread footings and 

the depth of sheet piling below the groundwater level should be equal to twice 

the required depth of excavation below the same groundwater level. 
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 Tube piles were suggested as an alternative to support the piers.  Pile driving 

was to be controlled by employing the Hiley Dynamic Pile Driving Formula.  A 

design load of 533.8 kN (60 tons) was to be achieved at approximately 

elevation 230.1 (755.0 ft.) 

 Timber piles were recommended with a design load of 311.4 kN (35 tons) and 

the pile tip at elevation 234.7 (770.0 ft.) 

6.1.1.3 H-Piles 

Based on Reference 1, it was also recommended using steel H-piles to support the abutments 

and the piers with a design load equal to their allowable structural capacity, which would be 

achieved at approximately elevation 207.3 (680.0 ft.). 

6.1.1.4 Settlements 

Reference 1 suggested that the greatest settlements were to be anticipated under the approach 

fills. It was anticipated that the settlements would occur during the construction, due to the 

non-cohesive materials of the upper 18.3 m (60 ft.) of the subsoil.  It was stated that the 

differential settlement would be less than 25 mm (1 in.) after the deck was placed. 

6.1.2 Approach Embankments 

Based on Reference 1, it was anticipated that there were no stability problems if 2:1 side slope of 

10.1 m (33.0 ft.) high embankment approaches was to be employed.  It was recommended 

removing the cobbles exceeding a 76 mm (3 in.) diameter from the fill that was placed under side 

of the perched abutments, where the piles were to be driven through.  

A memorandum, dated September 18, 1985 (Reference 3) reported that settlements were 

observed on the EBL and WBL of the east approach from the overhead to about 182.9 m 

(600.0 ft.) easterly after the road was opened to the public.  Based on the investigations carried 

out by the Regional Geotechnical Sections, the major cause of the settlements was the presence 

of a saturated sand layer and its inability to drain.  It was observed that the sand layer was placed  
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on top of the silty clay fill material to raise the embankment to the subgrade level.  Up to 0.9 m 

(3.0 ft.) of this sand material was found saturated with water below the lean concrete base.   

The MTC concluded that only the removal of the saturated sand and complete rebuilding would 

provide a 100% solution to the problem.  In view of the expense involved, it was suggested that if 

the drainage of the sand layers could be effected and maintained then it may be possible that 

future settlements would be substantially reduced or prevented and the pavement would require 

patching only.  

The recommended drainage system would consist of 0.6 m (2.0 ft) wide French drains extending 

to 1.5 m (5.0 ft.) on each side of the affected pavements.  A 152 mm (6.0 in.) perforated pipe 

would be placed in the trench backfilled with Granular ‘A’ and connected to a frost free outlet. In 

areas where the settlement was severe, transverse French drains were recommended to be 

provided and connected to side drains.   

Finally, it was recommended that the treatment should be applied initially as an experiment on 

one or two areas where the settlements were the most severe and extended if significant 

improvements occur.   

There was no information available for our review whether this drainage treatment was attempted 

and what degree of success was achieved.   

During the site reconnaissance on July 27, 2016, there was no observed evidence of the 

presence of the French drain or perforated pipe at the east approach embankment.  No stability 

problem was observed at the site location. 

6.1.3 Other Considerations 

All pile caps and spread footings should be protected by a minimum 1.2 m (4.0 ft.) cover against 

frost action.  
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6.1.4 Drawings 

Based on the General Arrangement Drawings of CNR Overhead EBL and WBL structures 

(References 4 and 6), the proposed twin four-span structures were to carry Highway 402 over 

double CNR tracks and a service road.   The plan view also indicated that two additional future 

tracks were to be constructed.  Only a single CNR track and the Service Road were observed 

during July 27, 2016 site reconnaissance survey.   

Reference 4 indicated that the west and east perched abutments of EBL Overhead structure were 

founded at elevation 246.9 (810.0 ft.) and 247.0 (810.5 ft.), and Reference 6 indicated that both 

west and east perched abutments of WBL Overhead structure were founded at elevation 247.0 

(810.5 ft.).  The approach grades were raised approximately 9.4 (31.0 ft.) to 10.1 m (33.0 ft.) from 

the ground levels.  Compacted boulder-free fill (maximum 50 mm (2 in.) size) was to be placed 

underneath the perched abutment footings prior to driving piles. Based on Foundation Layout 

drawings, References 5 and 7, the bottom of the pile caps of Pier Nos. 1, 2 and 3 was to be 

founded at elevation 242.0, 239.9 and 240.5 (794.0, 787.0 and 789.0 ft.), respectively.   

Based on Foundation Layout Drawings for EBL and WBL Overhead structures (References 5 

and 7), the pile caps for abutments and piers were to be founded on 323.9 mm  

O.D. x 6.35 mm wall thickness (12 ¾ in. O.D. x ¼ in. wall thickness) steel pipe piles.  A design 

load of 553.8 kN (60 tons) was specified for the steel tube piles driven in accordance with SS 3-11 

and after installation and inspection filled with 20 MPa (3000 psi) concrete.  The following table 

summarizes the pile data based on References 5 and 7. 
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LOCATION AND PILE TYPE FACE NO. 
BATTER 
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) West 

Abutment 

Front 7 1:3 18.9 (62.0) 
247.19 

(811.00) 
247.65 

(812.50) 
Rear 3 Vertical 17.7 (58.0) 

Rear 2 1:3 18.9 (62.0) 

Pier No. 1 
West 6 1:3 13.4 (44.0) 242.32 

(795.00) 
242.93 

(797.00) East 6 1:3 13.4 (44.0) 

Pier No. 2 

North 2 1:3 11.3 (37.0) 

240.18 
(788.00) 

240.79 
(790.00) 

South 2 1:3 11.3 (37.0) 

West 6 1:5 11.0 (36.0) 

East 6 1:5 11.0 (36.0) 

Pier No. 3 
West & 

East 
16 1:3 12.5 (41.0) 

240.79 
(790.00) 

241.40 
(792.00) 

East 
Abutment 

Front 7 1:3 18.9 (62.0) 
247.35 

(811.50) 
247.80 

(813.00) 
Rear 2 1:3 18.9 (62.0) 

Rear 4 Vertical 17.7 (58.0) 
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) West 

Abutment 

Front 7 1:3 18.9 (62.0) 
247.35 

(811.50) 
247.80 

(813.00) 
Rear 3 Vertical 18.0 (59.0) 

Rear 2 1:3 18.9 (62.0) 

Pier No. 1 
West 6 1:3 13.4 (44.0) 242.32 

(795.00) 
242.93 

(797.00) East 6 1:3 13.4 (44.0) 

Pier No. 2 

North 2 1:3 11.3 (37.0) 

240.18 
(788.00) 

240.79 
(790.00) 

South 2 1:3 11.3 (37.0) 

West 6 1:5 11.0 (36.0) 

East 6 1:5 11.0 (36.0) 

Pier No. 3 All 16 1:3 12.5 (41.0) 
240.79 

(790.00) 
241.40 

(792.00) 

East 
Abutment 

Front 7 1:3 18.9 (62.0) 
247.35 

(811.50) 
247.80 

(813.00) Rear 2 1:3 18.9 (62.0) 

Rear 4 Vertical 18.0 (59.0) 

Based on the General Plan drawings, References 4 and 6, a 152 mm (6 in.) C.S.P. was to be 

installed behind the east and west abutments of EBL and WBL Overhead structures.  During the 

site visit on July 27, 2016, the C.S.P. was observed at the north side slope of west abutment of 

the CNR WBL structure. It should be noted that the embankment slopes were heavily vegetated 

and the presence of C.S.P may exist at other locations which were not identified during our site 

reconnaissance survey.  The drawings indicated that crushed rock protection was specified on the 

abutment front slopes.  The crushed rock protection was observed during our site reconnaissance 

survey.    
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6.2 Assessment of Foundation Parameters  

Based on the previous investigation and subsurface conditions encountered, the following table 

summarizes the foundation design parameters that were recommended in the previously 

referenced reports and drawings and the updated geotechnical reaction at SLS and factored 

geotechnical resistance at ULS are provided.  

 

FOUNDATION DESIGN PARAMETERS 

FOUNDATION 
LOCATIONS 

PREVIOUS 
WORKING STRESS 

VALUES 

PREVIOUS EQUIVALENT LIMIT 
STATE DESIGN VALUES 

LIMIT STATE DESIGN VALUES 
UPDATED TO CURRENT 

INDUSTRY PRACTICE 

SAFE BEARING 
RESISTANCE  

(Tons) 

BEARING RESISTANCE 
(kN) 

BEARING RESISTANCE 
(kN) 

SLS 
FACTORED 

ULS 
SLS FACTORED ULS 

West abutments 

60 534 640 534 640 Piers 1, 2 and 3 

East abutments 

Notes: 

1. Working Stress design values. The Ultimate Limit State design values are based on the working stress. 
No field verification was available for review.  

2. Resistance Factor = 0.4 for deep foundation (CFEM 4th edition). 
3. Assumed Factor of Safety is 3 (CFEM 4th edition). 
4. There is sufficient pile length to reach the recommended founding elevation 230.1 (755.0 ft.) at all 

foundation locations.  It was considered that the design load would be achieved provided the piles were 
driven employing the Hiley Dynamic Pile Driving Formula. 

The seismic site coefficient for the conditions at this site is 1.0 (soil profile Type I, Canadian 

Bridge Design Code (CHBDC) 2006 Edition, clause 4.4.6). 

The foundation frost penetration depth at the site is 1.2 m according to OPSD 3090.101. 
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7. DISCUSSION 

From a geotechnical point of view, at the present time, foundation work for the CNR Overhead 

EBL and WBL structures is not expected provided that the total dead load on the overhead 

structures do not increase or decrease by more than 10%.  

It is understood that the CNR Overhead EBL and WBL on Highway 402 will be rehabilitated in two 

stages maintaining a single 3500 mm lane and 500 mm shoulders in both stages. 

Temporary support system may be required during the rehabilitation of the overhead structures. 

The construction for temporary support system should conform to OPSS 404 and 539.  The 

contractor is responsible for the selection, detailed design and performance of the roadway 

protection scheme.  The contractor should monitor the movement of the roadway protection 

system.   

The slopes adjacent to both abutments are visually stable without signs of erosion.  However, the 

embankments which are greater than 8.0 m in height were constructed with a 2H:1V slope but not  

benched as per current practice (OPSD 202.010). 
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TABLE 1 

LIST OF STANDARD SPECIFICATIONS REFERENCED IN REPORT 

DOCUMENT TITLE 

OPSS 404 Construction Specification for Support Systems 

OPSS 539 Construction Specification for Temporary Protection Systems 

OPSD 2020.10 
Slope Flattening Using Surplus Excavated Material On Earth or 
Rock Embankment 

OPSD 3090.101 Foundation Frost Depth for Southern Ontario 
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Figure 1 – Key Plan 

 

CNR Overhead EBL and WBL 
Structures 

(Site Nos. 19-527-1 and 19-527-2) 
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APPENDIX A 
 

Appendix A – Previous Foundation Investigation Reports (GEOCRES 40I13-47) 

Reference 1. Foundation Investigation Report for W.P. 40-66-13/14, Site 19-527, 
Hwy. 402, District 2, London, CNR Overhead EBL/WBL, 5.8 Miles 
West of Hwy 2, Soil Mechanics Section, Geotechnical Office, West 
Bldg., dated April 30, 1976. GEOCRES No.: 40I13-47 

Reference 2. Foundation Investigation Report for C.N.R. Overhead E.B.L. and 
W.B.L., W.P.s 40-66-13/14, Site Nos. 19-527 A/B, Hwy. 402, District 2, 
London, Foundation Investigation Report, Contract No. 79-51,  
Pages 3-19, dated January, 1979. 

Reference 3. Memorandum for C.N.R. Overhead, East Approach Embankment,  
Site No. 19-527, Highway 402, District 2, London, Foundation Design 
Section, Room 315, Central Building, dated September 18, 1985. 

Reference 4. General Plan Drawing, E.B.L. Bridge, Hwy 402, CNR Overhead,  
5.8 miles West of Hwy 2, DWG 1, Sheet 213, Site No. 19-527A,  
Dist. 2, Cont No. 79-51, WP No. 40-66-13, dated March 1978. 

Reference 5. Foundation Layout Drawing, E.B.L. Bridge Hwy 402, CNR Overhead, 
DWG 3, Sheet 215, Site No. 19-527A, Dist. 2, Cont No. 79-51,  
WP No. 40-66-13, dated March 1978. 

Reference 6. General Plan Drawing, W.B.L. Bridge, Hwy 402, CNR Overhead,  
5.8 miles West of Hwy 2, DWG 1, Sheet 233, Site No. 19-527B,  
Dist. 2, Cont No. 79-51,  WP No. 40-66-14, dated March, 1978. 

Reference 7. Foundation Layout Drawing, W.B.L. Bridge Hwy 402, CNR Overhead, 
DWG 3, Sheet 235, Site No. 19-527B, Dist. 2, Cont No. 79-51, 
WP No. 40-66-14, dated March 1978. 
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MINISTRY OF TRANSPORTATION AND COMMUNICATIONS, ONTARIO 
~-------i 

MEMORANDUM 40] /3·47 
GEOCRES 

Tc: A.P. Watt (2) F'RcM: Soil Mechanics Section 
Geotechnical Office 
West Bldg. 

Regional Structural Planning Engineer 
Southwestern Region, London 

ATTENTION: 

CUR F'H.t RtF'. 

SuaJtCT: 

OATt: April 30, 1976 

IN RtPL.Y TO 0 5 197fi' 

FOUNDATION INVESTIGATION REPORT 
For 

W.P. 40-66·13/14 
Hwy. 402, District 2, London 

CNR Overhead EBL/WBL 
5. 8 Mi l es ~Jest of Hwy 2 

Attached we are forwarding to you our detailed Foundation Investigation 
Report on the subsoil conditions existing at the above mentioned site. 

We be,1ieve that the factual data and recorrunendations contained therein 
wi11 prove adequate for your requirements. Should additional infor­
mation be required, please do not hesitate to contact our Office. 

KGS/bp 

cc: R.S. Pillar 
c.s. Greb ski 
B.J. Giroux 
G.A. Wrong 
A. Wittenberg 
J.R. Roy 
D.P. Collins 
R. Hore 
J. Anderson ) 
A. Crow1ey ) 
G. Sloan ) 

Files 

Memo only 

K.G. Selby 
Supervising Engineer 

Reference 1



1 • INTRODUCTION 

FOUNDATION INVESTIGATION REPORT 
For 

W.P. 40-66-13/14 
Hwy. 402, District 2, London 

CNR Overhead EBL/WBL 
5.8 Miles West of Hwy 2 

This report is to provide information for the design and construction of 
proposed twin structures at the above site. 

The subsoil information is based on ten sampled boreholes and eight dynamic 
cone penetration tests. The boring operation was carried out using hollow 
stem augers which were advanced into the soil without the use of a plug. 
A spilt-spoon, from which the ball had been removed, was then washed down 
to just below the bottom of the augers, where it was driven in the con­
ventional manner. In this way the disturbance of the soil layer to be 
sampled is minimized as it is not subjected to an unbalanced hydrostatic 
head during the remova 1 of the rods from the hollow stem augers. 

2. SITE DESCRIPTION 

The proposed location is in the sixth concession of the Twp. of Caradoc 
approx. 800 ft. west of the 20th. sideroad. The railway, which has twin 
sets of tracks,runs on a low embankment approx. three feet above the sur­
rounding land. The area is gently rolling and exhibits a poorly developed 
pattern of drainage. The surrounding fields are engaged in a cash crop 
type of agriculture. 

Physiographica11y, the area in which the site is located is referred to as 
the 1 Caradoc Sand Plain'. 

3. SUBSOIL 

~ 3.l General 

The subsoil consists of alternating layers of cohesive and non cohesive 
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material. The fitst of these is ten to fifteen feet in thickness and 
consists primarily of silt with some clayey silt in the upper portion. 
Beneath this is .a layer of approx. five feet of clayey silt which dis­
appears in the area south of the railway tracks. Next a layer of five to 
fifteen feet of fine sand is found which is underlain by five to seven 
feet of clayey silt. This layer is in turn underlain by approx. 30 ft. of 
fine sand. Beneath this and extending to a depth of over 125 ft. is found 
another clayey silt layer. 

Locations of boreholes and the inferred subsoil stratigraphy are shown in 
Dwg. 406613 & 14-A. 

3.2 Silt 

This layer is from ten to fifteen feet in depth. Its upper portion contains 
enough clay to make it slightly cohesive in places. Relative density gen­
erally increases with depth. The upper portion has a loose relative density 
with Standard Penetration 1 N1 values as low as five. In contrast the re­
lative density of the lower portion varies from compact to very dense with 
Standard Penetration 'N' values ranging to in excess of 100 blows per foot. 
Moisture content ranges from 18 to 20 percent. 

3.3 Clayey Silt 

The soil profile contains three distinct layers of clayey silt. 

The upper clayey silt layer, which is found between layers of silt and sand 
is approx. five feet in thickness over most of the site. It was not how­
ever encountered in boreholes one, two or three located on the south side 
of the railway tracks. This layer exhibits a very stiff consistency with 
shear strengths estimated to be between 2000 and 3000 p.s.f. Moisture 
.cq.n.tent was found to be approx. 20 percent. 

The second clayey silt layer consists of five to ten feet of material 
sandwiched between two fine sand layers. Moisture content varies from 17 
to 21 percent. Standard Penetration 1 N1 values are generally between 14 
and 30 indicating a stiff to very stiff consistency. 
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The third clayey silt layer extends from a depth of approximately 60 ft. 
to in excess of 125 ft. where the deepest borehole was terminated. It may 
be subdivided into two portions. Between the depths of 60 and 105 ft. 
Standard Penetration 'N' values range from 16 to 60 and moisture content is 
20 percent or above. Below 105 ft. Standard Penetration Test 1 N1 values 
are well in excess of 100 blows per foot and the moisture content ranges 
from 13 to 19 percent. 

3.4 Fine Sand 

There are two distinct fine sand layers both of which are sandwiched bet­
ween layers of clayey silt. The upper layer varies in thickness from fi~e 
to fifteen feet while the lower layer ranges from 25 to 30 ft. Silt content 
for both layers generally ranges from 10 to 25 percent but is higher in 
isolated pockets and along the layer boundaries. Grain size distribution 
for the fine sand is shown as an envelope in Fig. 1. Standard Penetration 
'N' values range from 15 to in excess of 100 blows per foot but are gener­
ally in excess of 30. This would indicate a dense to very dense reiative 
density with occasional compact pockets. Laboratory tests indicate a 
mcisture content of approx. 20 percent. 

3.5 Groundwater 

Field work was carried out during a prolonged thaw in February which pro­
duced extensive ponding in surface depressions. Water levels in the bore­
holes throughout this period remained within a foot of the ground surface. 
It may be assumed that this water level would be somewhat lower during 
other seasons of the year. 

4. DISCUSSION AND RECOMMENDATIONS 

4. 1 Discussion 

It -i-s proposed that Hwy. 402 pass over the double CNR tracks plus a service 
road parallel to the railway tracks on twin four span structures. The 
bridges would have approach embankments approx. 33 ft. in height and would 
consist of spans of 58,92,87 and 58 ft. 

4.2 Perched Abutments 

Perched abutments may be supported on steel tube piles (12 3/411 X 1/411
). 

A design load of 25 tons per pile may be used if these piles are driven to 
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elev. 780 for the south abutments and 785 for the north abutments. 

Alternately if the driving of these piles is controlled by Hiley Formula 
it.is estimated they will achieve a design load of 60 tons at approximate 
elev. 755. 

4.3 Piers 

(a) The piers may be supported on spread.footings at elev. 786. A design 
load of 3 tons per sq. ft. may be used assuming a settlement of one 
inch. 

(b) As an alternative the piers may be supported on tube piles. The 
driving of these piles should be controlled by the Hiley Formula. A 
design load of 60 tons will be achieved at approx. elev. 755. 

(c) The piers may be supported on timber piles. These piles would, how .. 
ever, be unsuitable to use for perched abutments as difficulties in 
driving them through the approach fills could be expected. A desiqn 
load of 35 tons should be used for these piles with a tip elev. of 770. 

4.4 H-Piles 

The structure may be supported on steel H-piles with a design load equal 
to their allowable structural capacity. This capacity should be achieved 
at approx. elev. 680. /. 

4.5 Settlements 

Settlements will be greatest under the approach fills. Due to the non .. 
cohesive nature of most of the upper 60 ft. of the subsoil, settlement will 
occur primarily during construction. Differential settlement after the deck 
ii.placed will be less than 1 inch. 

4.6 Dewatering 

The use of spread footings will require a dewatering scheme employing sheet 
piling. The sheet piling should be driven so that its depth below the 
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groundwater leve1 is equal to twice the required depth of excavation be­
low the same groundwater 1eve1. 

4.7 Frost Protection 

All pile caps or spread footings should be protected by a minimum four 
feet of cover against frost action. 

4.8 Approach Embankments 

No stability problems are anticipated with embankment fills (33 ft.) if 
2:1 slopes are employed. Cobbles exceeding a 3 inch. diameter should be 
removed from fill placed at locations through which piles have to be 
driven. 

KGS/bp 

K.G. Selby, P. Eng. 
Supervising Engineer 
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MINISTRY OF TRANSPORTATION AND COMMUNICATIONS-ONTARIO 

ENGINEERING SERVICES BRANCH-GEOTECHNICAL OfFICE- SOIL MECHANICS SECTION 

WP 40-66-13 & 14 

DIST 2 HWY 402 

DATUM Geodetic 

SOIL PROFILE 
,_ 
g 
0.. 

ELEV 
6EPrH DESCRIPTION ~ 

"' 
794.3 Ground Level 

,_ 
"' 

o.o Silt, some clayey 

silt layers 

Compact to Dense 

779.3 
15.0 Fine sand, some silt . . 

Dense to Very Dense 
767.8 
26.5 End of Borehole 

RECORD OF BOREHOLE N2 1 
LOCATION Co-ords. 15,606,624 N; l,261,084 E. ORIGINATED SY l'JS 

BORING DATE Februari 23, 1976 

BOREHOLE TYPE Rollow Stem Auger "& Cone Test 

SAMPLES "" ...., .... 
~ "' "' UJ 
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MINISTRY OF TRANSPORTATION AND COMMUNICATIONS-ONTARIO 

ENGINEERING SERVICES BRANCH - GEOTE CHNICAL OFFICE - SOIL MECHANICS SECT ION 

RE CORD 0 F BOREHOLE N2 2 

WP 40-66-13 & 14 Lo c ATIO N ___ c_o_-_or_d_s_. __ 15_,::....6_0_6-'", 6_3_8_N-'"; __ l~,_2_60 __ ,.._9_6_o_E_. ___ _ ORIGINATED BY PJS 

BORING DATE February 23, 1976 

BOREHOLE TYPE Hollow Stem Auger & Cone Test • DIST 2 HWY 402 

DATUM Geodetic 
COMPILED BY ~ 

CHECKED BY _ _,,~~~,....··-

SOIL PROFILE 

~ DESCRIPTION 
DEPTH 

793,5 Ground Level 

SAMPLES "' DYNAMIC CONE PENETRATION LIQUID LIMIT --wL ..... 
"' RES:STANCf PLOT PLASTIC LIMlT--Wp ..... :c ... 
~ -o I-

"' 2'0 40 60 so 100 WATER CONTENT--w z-g 0:: w ::::> UJ 
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. 
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MINISTRY OF TRANSPORTAT!ON AND COMMUNICATIONS-ONTARIO 

ENGINEERING SERVICES BRANCH-GEOTECHNICAL Off.ICE - SOIL MECHANICS SECTION 

RECORD OF BOREHOLE N~ 3 
WP 40-66-13 & 14 LOCATION Co-ords. 15 2606 1678 Ni 112611024 r:. ORIGINATED BY PJS 

DIST 2 HWY 402 BORING DATE februarz 24 1976 

DATUM Geodetic BOREHOLE TYPE Hollow Steltl Auger & Cone Test 
COMPILED BY:::L 

CHECKED BY • 

SOIL PROFILE SAMPLES 
,..... 

II> g °' uJ 

n. uJ w :::> 
ELEV GO n. -' 

DESCRIPTION i--: :::! > <t 
DEPTH <[ ::::i I- > a: z ,..... I ? 794.1 Groun-' r A••A' II> 

o.o Silt, some clayey I 
silt layers 

l SS 5 

2 SS 21 

Loose to Dense 3 SS 20 

779.l 
b <::<:: "" 

15.0 5 SS Rl 

Fine sand, some silt . 
h '" 

Compact to Very Dense 7 <::<:: 1 <:: 

' 8 SS ti~ 

763.1 . 
31.0 Clayey Silt ii 

/ q sc: R<:: 

/ ~ 
v 

/ 
Very ~tiff to Hard 1, 10 SS 30 

7.:.i3.l liL 
41.0 

Fine sand,some silt 
11 SS 7"· 

with silt pockets l? <::<:: "" . 
, 'I <::<:: <::1 

Very Dense . 
. 14 SS 61 

732.1 
42.0 Clayey silt ~ 727.6 Ha.rd , <; <!<:: q 

66.5 End of Borehole 

.. ..... ,_ 

~ 
0 z 
::;;, 

~ 
\:) 

ELEV 

~ 
I 790 

780 

8" 

770 

760 

750 

740 

730 

DYNAMIC CONE PENETRATION 
RESISTANCE PLOT 

20 40 610 80 v'io 
SHEAR STRENGTH 
0 UNCONFINED + FIELD VANE 
• QUICK TRIAXIAL X tAB VANE 

i" (. -- - ..... 
I~ 

'•· 

----

I 

20 
JS ¢-s % STRAIN AT FAILURE 

10 • 

LIQUID LIMIT ----Wl 
,_ 

.... :r: PLASTIC LIMIT --W~ -C> 
WATER CONTENT_w ;z-

::::>w 
Wp w WL ~ RI: MARKS 

....---0------. 

WATER CONTENT % 
y 

% 
GR SA SI Cl 

I 

I 

I 



z 
Q ... 
<r 
0:: 

0 _, 
Cl.. 
x 
w 
_, 

0 
V> 

z e .. 0 
.... 
:o 
. Cl.. 
w 
QI:. 

w 
u 
u:: 
0 

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS-ONTARIO 

ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE - SOil MECHANICS SECTION 

RECORD 0 F .BOREHOLE N2 4 
WP 40-66-13 & 14 LOCATION co-ords. 15 1606 1692 N; 1 1260 1901 E. ORIGINATED BY EJS 
DIST 2 HWY 402 BORING DATt February 25. 1976 COMPILED BY MK 

DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger·& Cone Test 1CHECKED BY ~· 
SOIL PROFILE SAMPLES 

§ V> 
a! UJ 

Cl.. w UJ ::> 
ELEV <O Cl.. .... 
5EPrH DESCRIPTION ....: ~ > <{ 

<r > ::> ... 
0:: z. ... ? 794.0 Ground Level V> 

o.u 
Silt, some clayey 
silt layers 

l i SS Q 

784.0 Loose to Dense 2 S<: '· t:. 

10.0 Clayey Silt I/ 3 SS 23 
I/ 

Very Stiff I/ 4 <:<: , <; 

779.0 
15.0 Fine sand, some silt 5 SS 48 

. . . . . f, <:<: 11 "" 
Dense to Very Dense . 

768.0 . 7 <:<: ~R 

26.0 Clayey Silt 
I/ 

/ 
I/ 

/ 8 SS 16 
761.0 Very Stiff I/ 

33.0 

I Fine sand, some 
. • Q <:<: <;Q 

silt·. . 
. 10 SS 55 

with silt pockets . 
11 <:<: ?A . 

Dense to Very Dense . 12 SS t;f, 

. . 
. 

• • • 11 ~ <:<: '" . 
728.0 
66.0 " ii 

II 
11 t. <:<: <:7 

Clayey Silt I/ 

Li 
I/ 

Very Stiff to Li 

" Lill 

tlard ill/ 15 SS ,~ 

~ 

II 
~ 

II 
1, 

II 16 SS ':!/, 

I/ 
~ 

Lil/ 

t/ 
1' 

~· 

I/ 

690.0 JA ~ 

l04.0 JI v 

"" "' ,_ 
~ 
c z 
:;, 
0 
"' I!> 

ELEV 

Iv 
790 

780 

9" 

770 

760 

750 

740 

130 

720 

710 

700 

7" 

DYNAMIC CONE PENETRATION 
ReSIStANCf PLOT 

20 40 do 80 100 
SHEAR STRENGTH 
O UNCONFINED + FIELD VANE 
• QUICK tRtAXIAL X LAB VANE 

\ 

" -

I I 

I I 
20 

15 ¢-5 % STRAIN Ar FAILURE 
10 

LIQUID LIMIT ----Wt ... 
,_:i:: PLASTIC LIMIT _w, -<.!> 

WATER CONTENT __ w z-::> UJ 
Wp W WL ;: RE: MARKS 
~ 

y 
WATER CONTENT % 

% 10 20 30 GR SA SI CL 

( 0 i 81 6 

....... h...i 

0 0 88 ( 12) 

1---b-t 

I 
0 0 34 62 4 

0 0 88 (12) 

. 

t---D 

I 

l'0--1 

~J 
7' Continued 



e 

z 
Q 
..... 
<r 
"' 9 
0.. 
>< 
w 
.... 
6 
Vl 

z e 0 
..... 
"' 0 
0.. 
w 

"' w 
u 
;:;:;: 

0 

• 

WP 

DIST 

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS-ONTARIO 

ENGINEERING SERVICES BRANCH- GEOTE CH NI CAL OFFICE - SOIL MECHANICS SECT ION 

RE CORD 0 F BOREHOLE Ne 4 Continued 
40-66-13 & 14 l 0 CATION __ ...:Ct!:o:...-:::.or~d~s:.t.._,1~5,...,_,,6""06""''-'6'-"'9..._2_,N~;~l;;.o.t.!2~6""0,_,, 9~0,.1_.E....,,......_ __ _ 

2 HWY 402 BORING DATE February 25, 1976 

DATUM Geodetic BOREHOLE TYPE Hollow Stem_A.ygj..,gr.....,.&......,,.Ci.1.onwe~TJ;;le-"<-st..._ ______ _ 

ORIGINATED BY P.IS 

COMPILED BY=tl!:. 
CHECKED BY ...:.. 

SOIL PROFILE 

ELEV 
DESCRl PTION DfPTH 

690.0 continued 
104.0 

Clayey Silt 

Wery Stiff to Hard 

668.5 
125.5 End of Borehole 

SAMPLES 

Vl 

"' w 
w LU ::::> 
l:C c.. _, 
:E >- <( 

::> ..... > 
z ? 

I? 

"'"' I 
18 SS 150 

I.I I/ I J-.,,..,,.+-,,,,,-+,,..,,..,,-1 

"'"' 
"'"' }'' 

"" w ,_ 

~ 
0 z 
8 
IX 
0 

ELEV 

6" 

680 

v~ 
~ i--,--+ a-"-,.,......j.,-i?-n511 

~v 
I·" I.; ..:. - ~.~ 

DYNAMIC CONE PENETRATION LIQUID LIMIT --Wl 
i..;R;;;E.:.Sl:.;;.S.;.;.tA..;;N.;.C;;;.;E;..,;;P.::.l:;::;.O.;..T-......... --.---1 PLASTIC LIMIT--Wp 
1---::2:.:::0-.,;;4:.:::0-..:6r,:::0~..:8::.:;0:.-..:;1':;;,::'io:.--1 WATER CONTENT--w 
SHEAR STRENGTH Wp w wt 

0 UNCONFINED + FIELD VANE 
e QUICK TRIAXIAL X LAS VANE 

20 
lS '¢-s % STRAIN AT FAILURE 

iO 

~ 

WATER CONTENT% 
10 20 30 

.... 
.... ::z:: 
;zQ 
:>w 

!: REMARKS 

r 
% 

GR SA SI CL 



z 
Q ,_ 
<( 
O< 
0 _, 
a.. 
>< 
LU 

_, 
6 
"' z e 0 
I-
O< 
0 
a.. 
w 
O< 

LU 

~ 
u.. 
..... 
0 

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS-ONTARIO 

ENGINEERING SERVICES BRAhli'.:H-GEOTECHNiCAL OFFICE - SOIL MECHANICS SECflON 

RECORD OF BOREHOLE NQ 5 
WP 40-66-13 & 14 LOCATION Co-ords. 15.606,776 N; 1,260,996 E. ORIGINATED BY P.IS 

DIST 2 HWY 402 BORING DATE Februar~ 20, 1976 

DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger 
COMPILED BY1 

CHECKED BY • 

SOIL PROFILE SAMPLES 

.... 
"' 9 O< LU 

w w ::> 
ELEV 

a.. c:o a.. .., 
-- DESCRIPTION :;£ ~ ,,.. <( 
DEPTH ::> .... > 

°' z .... ? i94.3 Ground Level "' 
o.o Silt, some clayey 

silt layers 

l SS 15 

' '""" 11" 
Compact to Very Dense 

3 782.3 SS 63 
12,0 Clayey Silt ~ ;/ "- 'f'tJ 'Pl'.l 

II 

Very Stiff 
ii ;/ I; TtJ PH 

776.3 
, 

18.0 Fine sand, some silt . 6 SS 87 . . 
Very Dense . 

7 <:<: 11;1 

766.3 
28.0 Clayey Silt ru: A '"' 

,, 
761.3 Very Stiff 

.j.j,V 

Fine sand, some silt 
. Q <:<: 7? . . 

with silt pockets • Hi SS 7b 

. , , SS .':\7 

Very Dense . 
. 

12 SS 61 . . 
• 1 ':\ <:<: 87 

. 
732.8 • 14 SS , 1 7 

61.5 End of Borehole 

"' l.U ,_ 
~ 
0 z 
5 
"' (,!) 

ELEV ... 
790 

780 

770 

760 

750 

740 

DYNAMIC CONE PENETRATION 
RESISTANCE PLOT 

20 40 60 so J60 
SHEAR STRENGTH PSF 
o UNCONFINEO + FIELO VANE 
e QUICK TRIAXlAL x LAS VANE 

1000 2000 

-·-
,.. 

9 

20 
15 "¢-5 % STRAIN AT FAILURE 

10 ' 

LIQUID LIMIT --Wt .... 
PLASTIC LIMIT _w, .... :r 

-t'.) 
WATER CONTENT_w z-::> ..., 
w, w wl :; REMARKS 
--o----i 

y 
WATER CONTENT % % 

10 20 30 GR SA SI CL 

0 0 6 88 6 
H>-1 

) 

) 0 77 (23) 

1-IO--I 

I 
01 0 83 (17) 



z 
Q ... 
<( 
O< 
Q .... 
a. 
>( 
UJ 

_, 
0 
"' 2: e 0 ... 
Cl< 
0 
a. 
UJ 
O< 

w 
u 
u: 
0 

• 

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS-ONTARIO 

ENGINEERING SERVICES BRANCH-GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION 

RECORD OF BOREHOLE N2 6 
WP 40-66-13 & 14 LOCATION Co-ords. 15,606,778 N; l,260,876 E. ORIGINATED BY PJS 

DIST 2 HWY 402 BORING DATE Februar~ 26t 1976 

DATUM Geodetic BOREHOLE TYPE Hollow Stem Augn · 
COMPILED BY~ 
CHECKED BY • 

SOIL PROFILE SAMPLES 
,,.. 

"' g 0:: w 
a. w w ::i 

ELEV (:0 a. ...... 

DEPTH 
DESCRIPTION ;...: ~ >- <( 

<( ::i ... > 
Cl< z ... ? 792.7 Ground Level "' 

o.o Silt, some clayey 
silt layers. 

l I SS 1n 

Compact to Very Dense 
? c:c: '.\(\ 

7ll0 7 "I '"' 52 

12.0 Clayey Silt ; v 
}" 

4 SS 1R 

775.7 Very Stiff ,,,v '\ co<: "~ 

17.0 Fine sand, some silt "' c:c: 11nn . 
770.7 Very Dense . 
22.0 Clayey Silt 7 SS ll. 

Stiff 
; 

765.7 
21.0 R <'<' '.11 

Fine sand, some silt· 
" ..... 1nn . . . 

with silt pockets . 
• 10 SS 100 . 

. . 
11 co<: , 11 ,, . 

Dense to Very Dense . 1? <:<: "11'. . 
• , '.l <!<: ,,.., 

. ,, /, co<: '"' ~ 

. 
726.2 . ,, ~ coco 11 n,:. 

66.5 End of Borehole 

"' w ... 
~ 
~ 
~ 
(,') 

E.iEV 
~ 

790 

780 

8" 

770 

107.60 

10" 

75 

740 

130 

DYNAMIC CONE PENETRATION 
RESISTANCE Pt OT 

2
1
0 40 60 80 1lio 

SHEAR STRENGTH 
0 UNCONFINED + FIELD VANE 
* QUICK TRIAXIAl x LAS VANE 

". 

20 
15 ~5 % STRAIN AT FAILUi'<E 

10 

LIQUID LIMIT --Wl ... 
... J: PLASTIC LIMIT --Wp -<.!> 

WATER CONTENT_w z-
::::>"" 

Wp w w. ~ REMARKS 
~ 

y 
WATER CONTENT % 

% 
GR SA SI CL 

' 



z 
Q ... 
<( 
O< 
0 ... 
0... 
>( 
w 
_, 

3 ..,., 
z e 0 ... 
O< 
0 
0... 
w 
a: 

w 
~ ..... 
0 

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS-ONTARIO 

ENGINHRING SERVICES BRANCH- GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION 

RECORD OF BOREHOLE N2 7 
WP 40-66-13 & 14 LOCATION Co-ords. 15,606,E\30 N; 1,260,937 E. ORIGINATED BY PJS 

DIST 2 HWY 402 BORING DAiE F~bry~t2 12, 12!§ 
DATUM Geodetic BOREHOLE TYPE Rollo-w Stem Auger & Cone Test 

COMPILED SY.=$ 

CHECKED BY • 

SOIL PROFILE SAMPLES 
.... ..,., 
g O< w 
0... II.I w => 

EL EV a::! 0... ..... 
DEPTH 

DESCRIPTION ,_; :E ,.. ~ <( 
:::::> ... a: z ... ? 793.8 Ground Level ..,., 

o.o Silt, some clayey 

silt layers. 
1 SS 6 

Loose to Very Dense L SS ll.'> 

7Sl.S 3 SS c;/, 

12.0 Clayey Silt / 4 SS 1? 

/ ., SS 17 
775.S 

Stiff to Very Stiff / 
/ 

18.0 Fine Sand 
. 

6 SS 90 
Some Silt . 
Very Dense 7 SS l~O 

765.8 ... 
28.0 Clayey Silt ~ 

8 SS 21 
760.8 Very Stiff 

33.0 
Fine sand, some silt . 9 SS 48 

with silt pockets 
10 SS 69 

. 
' 

Dense to Very Dense . 
• 11 SS 40 

----- ~ ... 

sand with 11? ""' Al\ 

gravel . 
728.8 . 
65.0 

/ 
/ 

/ 
/ 

v 
/ 

11 'I <:<: /,Q v 
Clayey Silt / 

v 
,,v 

/ 
/ 

/ ,, 
vl/ 111. <:<:1_.:;....lJi. 

Very Stiff to Hard 
v 

/ 

v v 
/ 

v 
/!I 

/ v 
/ 

v 
/!I 

v 
,,v 

)'' 
/ .., 

"" "' / 

689.8 ~ ;f v 
~ 

104.0 JI, 

"' ..... ,_ 

~ 
~ 
B 
"' <:) 

ELEV 

+ 
790 

780 

770 

760 

750 

740 

730 

720 

710 

700 

6" 

690 

DYNAMIC CONE PE'NETRATION LIOUID LIMIT -Wt 
RESISTANCE PlOT PLASTIC LIMIT--WP 

20 40 60 so 160 WATER CONTENT._w 
SHEAR STRENGTH Wp W Wt 

~ 
0 UNCONFINED + FIELD VANE 
• QUICK TRIAXIAL X LAS VAN€ WATER CONTENT % 

10 20 30 

~ 
L_ 

I) 
~ 1 0/lO h 

J 

-

I 
i 

~··~·~· 

20 
15 '¢-5 % STRAIN AT FAILURE 

10 

c 

c 

c 

t-P--1 

01 ! 

0~1 
• J ' 

f' Con tinued 

.... 
.... ::c 
-!.!> z-:::>w 

?; REMARKS 

y 
% 

GR SA SI CL 

0 2 96 2 

0 0 62 38 

d 78 (22.) 

0 91 ( 9 ) 

26 68 ( 6) 



e 

z 
Q 
I-
<r 
0:: 
0 ..... 
a.. 
x: 
w 

..... 
0 
Vl 

z e 0 
I-
0:: 
0 a.. 
w 
0:: 

LU 
u 
u: .... 
0 

MIN1STRY Of TRANSPORTATION AND COMMUNICAT!ONS-ONTARIO 

ENGINEERING SERVICES BRANCH~ GEOTE CHNICAL OFFICE - SOIL MECHANICS SECT ION 

RE CORD 0 F BOREHOLE N9 7 Continued 
w p 40-66-13 & 14 LOCATION Co-ords. 15 1606 1830 N; 1 1260 1 937 E. ORIGINATED BY r.rn 
DIST 2 HWY 402 

DATUM Geodetic 

SOIL PROFILE 

ELEV 
DESCRIPTION 5EPrH 

689.8 continued 

104.0 Clayey Silt 

Very Stiff to Hard 

677.8 
116.0 End of Borehole 

BORING DATE FebruRr~ 12. 1222 
BOREHOLE iYPE Hollow Stem Auger 

SAMPLES "' w 
>-

~ I- "' 0 0:: UJ 

Q:'. w w :;) 0 
co 0.. .... z 

i-: ~ <r :;, 

<r > > £ :;) I-
0:: z I!> 
I- ? "' ELEV 

I 
I 

IV 6" 
I 

IV 
I 

IV 
I 680 

_,ll 
'' ';;,H 

I 

DYNAMIC CONE PENETRATION 
RESISTANCE Pl OT 

2'0 40 60 so 160 
SHEAR STRENGTH 
O UNCONFINED + FIELD VANE 
• QUICK TRIAXIAL x LAB VANE 

_, 

! 

20 
15 -¢"5 % STRAIN AT FAILURE 

10' 

COMPILED BY1 

CHECKED BY • 

LIQUID LIMIT --Wl I-

.... :t PLASTIC LIMIT __ wp ~Cl 
WATER CONTENT-w :z-

;:) UJ 
Wp W w, ~ Rf:: MARKS 
~ 

r WATER CONTENT % 
% 10 20 30 GR SA SI CL 

0 0 1 80 19 

( 

I 
I 



z 
Q 
...... 
<r 
Q:; 

0 ... 
Cl.. 
x 
w 

=::! 
0 
"' z • 0 
..... 
Q:; 

0 
Cl.. 
w 
ex 
w 
u 
..... 
'~ 
0 

MINISTRY OF TRANSPORTAr10N AND COMMUNICATIONS-ONTARIO 

ENGINEERING SERVICES BRANCH-GEOTECHNICAl OFFICE- SOil MECHANICS. SECTION 

RECORD OF BOREHOLE N2 8 

WP 40-66-13 & 14 LOCATION co-ords. 15 1 606 1839 Ni 1.260,843 E, ORIGINATED SY PJS 

DIST 2 HWY 402 BORING DATt Februarl 16 1 1976 

DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger & Cone Test 
COMPILED BY~ 
CHECKED BY • 

SOIL PROFILE SAMPLES 
"'""'""'"""'--

...... 
"' 0 Q:; w _, 

w w ::> Cl. 
EL EV· '° Cl. 

_, 
DESCRIPTION ....: ~ <r ·-- >-

DEPTH <r :::> ...... > 
Q:; z ,_ 

? 794 .0 Ground Level "' 
u.o Silt, some clayey 

silt layers. 
1 SS 2Q 

Compact to Very Dense 2 SS 104 

782.0 '>. """ ~<: 

12.0 Clayey Silt }' I. '"' l" 
II <: ~<:: , ., 

776.0 Stiff / 

18.0 Fine sand, some silt . 
" "" ':!') 

. 
Dense to Very Dense . 

7 '"' 1nn 
766.0 .. 

28.1) Clayey Silt 
,, 

v , R <::<:: "' 
760.0 Very Stiff v 
34.0 Q 

Fine sand, some silt "" 7~ 

. 
• • 111 "'" 

·~-,-

~ith silt pockets • F.1 

. 
11, "" 1Q 

Compact t:o Very Dense • • • 
,11., "" <:a . 

. . . . . 
11 '>. "" <:'>. 

728.0 

I 66.0 Clayey silt v (.i 
Li 

Very Stiff " " 722.5 ~ 14 <::<: ?t\ 

71.5 End of Borehole 

~ ,_ 

31 
§\ 
::> 
~ 
t'.l 

ELEV 

+ 
79' 

780 

770 
9" 

760 

750 

740 

730 

DYNAMIC CONE PENETRAflON 
ReSISTANCE PLOT 

20 40 60 <lo 1i'lo 
SHEAR STRENGTH 
o UNCONFINED + FIELD VANE 
• QUICK TRIAXIAL x LAS VANE 

I\ 
\.... r--.. i-- .....__ 

121 /10" 

! 

I 
I 

' l 
~o 

15 {»s % STRAIN AT l'AILURE 
10 • 

LIQUID LIMIT --Wt ...... 
PLASTIC LIMIT _wp ,_I 

-C> 
WATER CONTENT_w z-::>..., 

Wp W Wl ::: REMARKS 
~ 

r WATER CONTENT% % 
GR SA SI CL 

j 

' ' I 

I 
I I 



z 
Q 
..... 
<( 
ex 

2 
0. 
><: 
w 
_, 
0 
"' z e 0 
I-ex 
0 
Q.. 
w 
Q< 

w 
!:::! 
u. .... 
0 

MINISTRY OF TRANSPORTATIO~J AND COMMUNICATIONS-ONTARIO 

ENGINEERING SERVlCES BRANCH - GEOTE CHNICAL OFl'ICE - SOIL MECHANICS SECTION 

RECORD OF BOREHOLE NQ 9 
WP 40-66-13 & 14 LOCATION co-ords. 15,606,874 N; 1,260,935 E. ORIGINATED SY PJS 

DIST 2 HWY 402 BORING DATE February 18, 1976 

DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger·& Cone Test 
COMPILED BY~ 
CHECKED BY • 

SOil PROFILE SAMPLES 
,_ .,., 
g Q< w 

w w ::> 
ELEV c. to 0.. 

_, 
DESCRIPTION .._: :E <( 

5EPrH >-<( :::'.l ,_ > 
Q< z ,_ 

? 793.7 Grnond Level 
.,., 

o.o Silt, some clayey sil 

layers 1 I SS 6 

2 SS 1107 
. Loose to Very Dense 

781. 7 3 <:!<: 'il 

12.0 Clayey Silt v v 4 <:<: 13 
v 

Stiff v v 5 SS 12 
775. 7 v 

18.0 Fine sand, some silt 
. . 

6 SS 59 . 
I> • 

Dense to Very Dense . . 
766.7 ... 7 <:<: "" 
27.0 Clayey Silt v v 

v 
Very Stiff v v 8 SS 20 

760.7 I/ 

33.0 
Fine sand, some silt,·: 9 <:<: ?f.. 

. ·e'·----·-1-with silt pockets . , Hl <:!C: i:;<; . 
11 <:<: " . . 

Compact to Very Dense· . . 12 <:<: 59 

. , ':\ SS f,Q . . . 
731. 7 . . 

62.0 Clayey Silt 

~ 727.'2 Hard , [, <:<: /.Q 

66.5 End of Borehole 

<>!. 
w ,_ 

~ 
0 z 
::> 
;i 
C) 

ELEV 

+ 
790 

780 

710 

760 

750 

740 

730 

DYNAMIC CONE PENETRATION 
RESISTANCE PlOT 

20 40 60 80 160 
SHEAR STRENG TH 
o UNCONFINED + F1El0 VANE 
e QUICK TRIAXIAL )( LAB VANE 

~ 

'~ 160 

~ ..• , 

I 
I 

I 
20 

15 ~5 % STRAIN AT FAILURE 
10 

LIQUID LIMIT ----Wt ..... 
,_ :t PLASTIC UMIT--Wp -<.:> 

WATER CONTENT--w z-w 
Wp~l ::> !: REMARKS 

y 
WATER CONTENT % % 

GR SA SI CL 

I 

l 



z 
Q 
I-
<( 

"" 0 ..... 
a.. 
x 
w 
_, 
6 
"' z • 0 
.... 
IX 
0 
a.. 
w 
IX 

w 
~ ..... 

0 

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS-ONTARIO 

ENGINEERING SERVICES BRANCH· GEOTECHNICAL. OFFICE - SOIL MECHANICS SECTION 

RECORD OF BOREHOLE N2 10 

WP 40-66-13&14 LOCATION Co-ords. 15,606,894 N; 1,260,788 E. ORIGINATED BY ms 
DIST 2 HWY 402 BORING DATE Jebtuary 17, J 976_ COMPILED BY MK 

DATUM Goode tic BOREHOLE TYPE Hollow Stem Auger & Cone Test CHECKED BY ~· 
SOIL PROFILE SAMPLES 

.... </') 
0 IX w _, 

w w ::> a.. ELEV co a.. -' 
DESCRIPTION ~ <t i5EPrH ;?: > 

:;;J ,_ > 
IX z .... ? 794.0 Ground Level Vl 

o.o Silt, some clayey 

silt layers. l I SS 6 

? <:<: (.;1 

I 11..0ose to Very Dense 
782.0 1 <:<: 1<7 

12.0 Clayey Silt ~ l/v 4 <:<: , "' 
It v 5 •:U:: "l"I 

776.0 Very STiff I/ ,, 
18.0 Fine Sand 

. 
F'. "" ?O 

Some Silt 

Dense to Very Dense ••• 7 <:<: 11 ... 

766.0 . 
28.0 Clayey Silt 

~ l'l "'" 
.,., 

761 [) Very Stiff 

33.0 Fine Sand, trace of,·. 
silt with silt pocke1 ,(! • 

0 <:<: ?7 . 
752.5 Compact to ~ense 
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UNIFIED SOIL CLASSIFICA TlON SYSTEM 

SAND GRAVEl 
CLAY & SILT 

Medium Coarse Fine Coarse Fine 
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ABBREVIATIONS & SYMBOLS USEO IN THIS REPORT 

~NETRATION RESISTANCE 

'tbstANOARO PENETRATION RESISTANCE ' ~ THE NUMBER OF SLOWS REQUIRED TO ADVANCE A STANDARD SPLIT SPOON SAMPLER 

12 INCHES INTO THE SUBSOIL I DRIVEN BY MEANS OF A 140 POUND HAMl•ER FALLING FREELY A DISTANCE 011" 30 INCHES. 

DYNAMIC PENETRA'tlON RE!ISTANC£ ' - TH£ NUMBER OF BLOWS REQUIRED TO ADVANCE A 2 INCH, $0 DEGREE CONt, FITTED 

TO THE ENO OF DRILL RODS, 12 INCHES INTO THE SUBSOIL, THE DRIVING ENERGY BEING 350 FOOT POUNDS PEA BLOW. 

DESCRIPTION OF SOIL 

THE CONSISTENCY OF COHESIVE SOILS AND THE RELATIVE DENSITY OR DENSENESS OF COHESIONU'.SS SOILS ARE OESCR18£o 

IN THE FOLLOWING TERMS ' -

CONSlSTtNCY e LB,/SQ. FT. otNSENUS 'N' BLOWS/ FT. 

VERY SOl"T 0 - 250 VERY LOOSE 0 - 4 

SOFT 250 • 500 LOOSE 4 - 10 

FIRM 500 - 1000 COMPACT 10 - 30 

STIFF 1000 - 2000 o£NSE 30 • 50 

VERY STIFF 2000 • 4000 VEAY DENSE > 50 

HARO > 40u0 

TERMS TO BE USEC IN DE SC RISING SOILS:-

TRACE< 10% , SOME 10-25 % , WITH 25-40"/• , > 40 % SILTY, SANDY, GRAVELLY 1 CLAYEY ETC. 

TYPE OF SAMPLE 

S.S. SPL.IT SPOON T.W. THINWAL.L. OPEN 

W.$. WASHED SAMPL.E T.P. THINWAL.L. PIS'l'ON 

S. T. SLOTTED TUBE SAMPLE o.s. OESTERBERG SAMPL.E 

A.S. AUGER SAMPLE F.S. FOIL SAMPLE 

C.S. CHUNK SAMPL.E R.C. ROCK COAE 

P.H. SAMPLE ADVANCED HYDRAULICALLY 

P. M. SAMPLE ADVANCED MANUALLY 

SOIL TESTS 

U UNCONFINED COMPRESSION 

UU UNCONSOLIDATED UNORAINEO TRIAlOAL 

Cl U CONSOLIDATED ISOTROPIC UNDRAINED TRIAXIAL 

C 10 " DRAINED 

CAU 

cAO 

ANISOTROPIC UNDRAINED " 

ORA I NED 

L.V. LAtlORATORY VANE 

f. V, Fl!LD VANE 

C CONSOLIDATION 

S SENSITIVITY 
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ABBR~V!ATIONS a SYMBOLS USED IN THIS RE PORT 

SOIL PROPERTIES GENERAL 

G 

h 

q 

UNIT WEIGHT OF SOIL (SULK DENSITY) 

UNIT WEIGHT OF SOLID PMTICLES 

UNIT WEIGHT OF WATER 

UNIT. ORY WEIGHT OF SOIL (ORY OtNSITY) 

UNIT WEIOH1' OF SUBM£RG£o SOIL 

SP!CIFIC GRAVITY OF SOLID PAR1'1CLES G • .!i_ 
'1.,, 

VOID RATIO 

POROSITY 

WATER CONTENT 

l)EGREE OF SATURATION 

LIOUIO LIMIT 

PLASTIC LIMIT 

f'LASTICITY INDEX 

SHRINKAGE LIMIT 

LIQUIDITY INDEX • w -we 
Ip 

wL-W-
CONSISTENcY INDEX • Ip 

VOID RATIO IN LOOSEST STATE 

VOID RATIO IN DENSEST STATE 

DENSITY INOEX • emax - e 
emax - emin 

RELATIVE OENSITY 0, IS ALSO USED 

HYDRAULIC 11EAb OR POTENTIAL 

RATE OF DISCHARGE 

V VELOCITY OF FLOW 

HYDRAULIC GRAblENT 

k 
j 

m,, 

c,, 

T,, 

u 
'ff 

I c 

~ 
s, 

COEFFICIENT OF PERMEABILITY 

SEEPAGE FORCE PER UNIT VOLUME 

COEFFICIENT OF VOLUME CHANGE • (I:~) {l.,} 
CO!FFICIENT OF CONSOLIOATION 

COMPRESSION INOEX • -X-I~ 
w og 1., r:r 

TIME FACTOR • C:ft ( d, ORAINAGE PATH ) 

DEGREE OF CONSOLIDATION. 

SHEAR STRENGTH 

EFFECTIVE COHESION} 
INTERCEPT 

EFFECTIVE ANGLE OF 
SHEARING RESISTANCE, 
OR FRICTION 

Af'PARENT COHESION } 

APPARENT ANGLE OF 
SHEARING RESISTANCE, 
OR FRICTION 

CDEFFICIEN,T OF FRICTION 

SENSITIVITY 

IN TERMS OF 
£FF£CTIVE STRESS 

1'1 • c' + d ton ¢' 

IN TERMS OF 
TOTAL. STRESS 

-r, • Cu+ CT ton ~ 

'IT • 3·1416 

e BASE OF NATURAL LOGARITHMS 2·7183 

log.a OR In a NATURAL l..OGARITHM OF a 
log,oa OR log a LOGARITHM OF a 1'0 BASE 10 

t TIM£ 

g 
v 
w 
M 
F 

u· 
O' 

<f 
'T 

t 

1' 
v 
E 
G 
K 

1l 

d 

& 
K 

e 
L 
D 
N 

H 

0 
/J 

ACCEt.ERATION DUE TO GRAVITY 

VOL.UM£ 

WEIGHT 

MOMENT 

FACTOR OF SAFETY 

STRESS AND STRAlfll 

PORlt PRESSURE 

NORMAL STRESS 

NORMAL EFFECTIVE STRESS ( O' IS ALSO USED ) 

SHEAR STRESS 

LINEAR STRAIN 

SHEAR STRAIN 

POISSON'S RATIO ( µ. IS ALSO USED) 

MODULUS OF LIN£AR DEFORMATION (YOUNGS MObUl..US ) 

MDDIJLUS OF SHEAR DEFORMATION 

MODULUS OF COMPRESSIBILITY 

COEFtlCIEN7 Of' VISCOSITY 

EARTH PRESSURE 

DISTANCE FROM TOP OF WALL TO POINT OF APPLICATION 

OF PRESSURE 

ANGLE DF WALL FRICTION 

DIMENSIONLESS CO£FFICIENT TO llE USED WITH VARIOUS 

SUFFl)(ES IN £XPRESSIONS REFERRING TO NOfi!MAL STRES"l 

DN WALLS 

COEFFICIENT OF EARTH PRESSURE AT REST 

FOUNDATIONS 

IREAOTH OF FOUNDATION 

LENGTH OF FOUNDATION 

DEPTH OF FOUNDATION BENEATH GROUNO 

DIMENSIONLESS CDEFFIClEN1' USED WITH A SUFFIX APPl..'l'lliC 

TD SPECIFIC GRAVITY, DEPTH ANO COHESION ETC. IN THE 

FORMUl..A FOR Bt!:AAING CAPACITY 

MODULUS OF SUBGRADE REACTION 

SLOPES 

VERTICAL HEIGHT OF SLOPE 

DEPTH BELOW TOE OF SL.OPE TO HARO STRATUM 

ANGLE OF SLOPE TO HORIZONTAL 
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W.P.s 40-66-17/18 

Co. Road 39 Interchange Overpass E.B.L. & W.B.L. 
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other foundation reports prepared by or for the Ministry in 
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EXPLANATION OF TERMS USl:O IN REPORT 

. 'H' VALUE: AN llll>lCATOl or SUllSOlL QUALITY •. IT IS OBV.lNl!!l Fl«lll THE STANDARD l'ENETUnON TEST (CSA sm. A119.l). SPt 'N' YAUI! 1$ 'tHE.NIJ!Ultl\ or JLOl/S 
Ul'.!UlRl!!l TO CAUSE A StANDAAD 2 tllCll 0 ,I), Sl'LlT•l!i\l\llt SAMPLJ!R TO PEliEtRATE ll lNCl!ES IN'tO UNDISTUUED GROUND IN A BOREHOLE \IHEN llklVEN n A IWilltl 
llE1GIUllG. l40 POUNDS, FALL1NG FU&!.Y A DISTANCE OF 30 lNCllES. POR PENETl\ATtONS OF USS THAN 12 tNCHES 'N' VALU&S All.£ rnt11CATED AS tHE NUll!IEk' or BLOWS 
roa tHE i•ENtflA'tlOll ACllliVED. 'Ii' VALUES CORRECTEI> roa OVERBURDEN PkESSIJll.E ARE tlENOTl!!l TllUS T. 

~~fcs~rri:m~!~" ~r J~~:t~E ~1~~~!' PE:~~g~s 1~E:!s~~\~' ~£ c~~~ ~i'iti:1~~1t <i::c~·~ ~~i0~v:;~E~,D~:~o:it!i0 P:;~ 1=AC~ 
llllDlSTURalll> llllOUllD, 

SOIL OY.Y.l'l'Y: $0ll.S AU DESCRIHD .8Y TllElR CQllPOSITION AND CONstSttNCY OR DENSITY, 

Q..O!!i!J!!!!!S!l !iOllESlVE SOILS ARE DESCRIBED Oli tHE BASIS OF THEii!. UNDRAtllED SRW STRl!:l!Gtll i\$ FOU.OllS: 

0 • 250 2SO - 500 500 - 1000 1000 - 2000 2000 - 4000 > 4000 
YER1' SOl!T SOFT F!!IH SrIPP VERX STIFF HAR/) 

2!J!!!!!~§l COHESIONLESS SOILS ARE DESCRI6El> ON Tiil! BASlS oF $PT 'll' VALUES AS FOLLOllS: 

'N' (BLOW/FT) 0 - s 5 - 10 10 - 30 30 • 50 > 50 

VERY UJOSE UJOSE CONFACT DENSE Vli:RY DENSE 

'9Cg QUAJ,XTY: aocu ARE bESCUBED BY 1'11£111. COMl'OSITXON AND STRUCTURAL FllATURES '1.NO/OR STRl!llGTR. 

!!!£9!!!!!!• SU!! or AtL RECOVUEl> llOCK CORE Pt£CES FRO!! A coaING RUN l!XUESSED AS A PEP.C&NT or THE TOTAL t.!NGTI! PlttLLEll IN TllAT COR1l!G kUN. 

l!!!~!!n!L!!!~!l!I!• SU!! OF tHOSI NATURALLY FRACTUREll cou l'lECES, 4"+ 1H L!NCtll ElU'li£SSEl> AS A PERCENT or tHE LENGTH OF TllE CORING RUN. tHE 
ROCll: QUAtITY DESIGliAT!ON (llQJl). Foll l!ODUIEJl UCOVERY, IS: 

RQP (%) 

SPACING 

JOtNTlNG 

HDDlNC 

LABORATORY TESTING 

TlU/oXIAt TESTS ARI DESClIBEl> IN TERMS OF \IHEtHER 

'flillt ARE CONSOLIDATEJl (C) OR NOT (Ul 

lSO'l'ROPlCALLY CI) OR NOT (A) 

AllD SllEAltED DlAillE1l (l>) OR UNDRAI!ltll (U) 

0 • 25 <.5 - so so - 15 
VEJIY POOR P00/1 FAIR 

2" 2" ~ 121' l' ~ 3' 
l'ERl' CWSE CWSE IM?D, CWSFI 

VERY THIN THIN N$1)1JJM 

A8!1REV1ATIONS & SYMBOLS 

FIELD SAMPLING 

s s SPLIT SPOON 

II S WASH SMl~LE 

ST SLOTTED ME SAMPLE 

BS l!LOCK SAMl'LE 

c s Clll!Nk SAMl'LE 

TW tHINllAlL 01'1'11 

75 - 90 

GOOD 

J' w 101 

WIDFI 

THICK 

90 - 100 
EXCELLl!:ll'f 

> 10' 

VERY WIDE 

VE/11' THICK 

EARfH PRESSURE TERMS 

COtHlttE.vt or FRICTION 

ANCLE OF WALL FUCTloN 

2 

llltll PORE PRES SORE HtA.SURDIENTS (BAI OVER SYMBOLS) 

EC. ffi '" COliSOLllJATl!D tsO'l'ROP!C UNDRAlNEll 

'l:R'.LIXIAL 111Tll !'ORE PIU!SSlltU: MtASIJUMENT 

Ulil.1'.:SS O'l:llEkllISll SPECtrU!D lR l\tl'ORT AtL TESTS 

T p 

0 s 
tl!t:lWALL PISTON 

OS'tERll!:P.G SAMPLE 

COEFFtCtENT or EAlt'fll PlttSSUIU! AT !\EST 

COEFFtCIENT OF ACTIVE WTll l'kl!SSURE 

COEFflCll?NT OF PASStvt EAR'!'tl l'USSl!ltt 

ANCLE ot tllCLlNATIOH OF SURCllA!.GE ~ 
ARE Ill COHPRtSSION 

INDEX PROPERTIES 

r UlilT llEI<:HT OF SOI!. (BULK DEllSITY) 

Yw UNIT llElGHT OF llAnR 

rd UNIT lllY llElCHT OF SOIL (ORY llENSlTY) 

r' UNIT Wl!lC!rt OF SUBM£l!G£l> SOIL 

c. SPECIFIC GRAVITY or SOLIDS 

e VOibS RATIO 

•o lNlTUL VOIDS RATIO 

....... • 111 LOOHST STATE 

• .. 111 • Ill DEllSEST STAT! 

D, 
•mai'- • 

RELATIVE DltllSIT'l " •"'"" _ 0 "''" 

II POROSITY 

.. llATE!I. CONTENT 

vL LIQUID LlMlT 

"r l't.AStrt LlMIT 

"s SHRXNKACt LlMIT 

1, l'LASTIC1TY lNDtlC .. "l. Wp 

1t. LlQl!IblT'l lliD!X .. ~ 
p 

le COllSISTl:lltY lND!X • ¥ 
•c 1; Al IQjl P 

AC!IVXTY 1111 %~ "°m i-01 Frocrton 

Oii muwttc MA'l:Tn comm 

F S FOIL SAMPLE 

It c ROCK CORE 

P II t,W, ADVAllCED HYDl\AUl.ICALLY 

I' H t. W, ADVANC&l> HANIJALLY 

STRENGTH PARAMEfERS 

r-Y AliCLll OF SHWll!IG l\ESISTA.'ICE 

r f PEAJ( SllEAlt STRENGTH 

kESlllUAL SHW STl£1lGTll 

COllES ION INTEllCEPT 

"1, "2 ,.,-3 !IOIMAL PIUNCIP'1.L StkllSSES 

u PORE WAtER ntsSU!tE 

u• !ltCESS II 

POP.£ PIU:SSUll:E l\A'l'IO 

U!ICONFINF.D COMl'JU:SStVE STRF,NGTR 

l!tlDl\AINtD Sl!Ellll STRltNC'l'N 

ti LINlWl S'tMIN 

r 

'"•" 

SHEAR $TRA t~ 

POISSON'S .RATIO 

MODULUS OF Et.t.STICITY 

MODULUS OF Sl!EAll PEFORMAtlOll 

MODULUS OP SUBCl\Alll ab.CTION 

STABlt.lTY COEl'FtCtENTS 

POU PP.£SSUlE courxcttNTI 

!!!l!!• UflC'l'tVI! smss PAIWIE'tEU Ult 
Dl!lllOnD Bf USE OF APOStllOl'llJ 
AIOVI T1IE SYMBOL, TllUS: 
11' " IFHC'tlVB A."ICl,E ot 
Sl!Wlttc IU!$1$TAACI: 

O"' .. uncrtn llOllK\L snas 

SLOPE AHGLE•BACKFACt or WAL~ 
/3 ANGLE OF St.OP& g--
NY'Nq,No BEARING CAPACITY FAC'l'Ol\S 

D! llEPTll OF FOOtl\lG 

B,t. FOOTING DI$11$lDliS 

HYDRAULIC TERMS 

b U¥lll\AUL1C READ Oil PO'IE~l;\l, 

<I RAtt OF PISCIW\CE 

.. VELOCITY or FtOll 

IWDl\AULIC cRADUllt 

SEtbGt FORCE Plll Ulltt VOLOMI! 

., COEFFlCIEl<'r OF VISCOSITY 
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INTRODUCTION 

FOUNDATION INVESTIGATION REPORT 

For 
C.N.R. Overhead E.B.L. and W.B.L. 

W.P.s 40-66-13/14, Site Nos. 19-527 A/B 
Hwy. 402, District 2, London 

This report contains the results of a foundation investigation 
which was carried out at the site of the above mentioned projects. 
Fieldwork was done during the period of February 16 to 26, 1976 
utilizing a continuous flight auger machine equipped with 3~ inch 
I.D. hollow stem augers. The subsoil information is based on ten 

sampled boreholes and eight dynamic cone penetration tests. The 
boring operation was. carried out using hollow stern augers which were 
advanced into the soil without the use of a plug. A split-spoon 

3 

from which the ball had been removed was then washed down to just 
below the bottom of the augers where it was driven in the conventional 
manner. In this way the disturbance of the soil layer to be sampled 
is minimized as it is not subjected to an unbalanced hydrostatic 
head during the removal of the rods from the hollow stern augers. 

SITE DESCRIPTION 

The site is located in the sixth concession of the Township of 
Caradoc approximately 800 feet west of the 20th Sideroad. The railway, 
which has twin sets of tracks, runs on a low embankment approkimately 
three feet above the surrounding land. The area is gently rolling 
and exhibits a poorly developed pattern of drainage. The surrounding 
fields are engaqed in a cash crop type of agriculture. 

Physiographically, the area in which the site is located is referred 
to as the 'Caradoc Sand Plain'. 

SUBSURFACE CONDITIONS 

! General 

The subsoil consists of alternating layers of cohesive and noncohesive 
material. The first of these is ten to fifteen feet in thickness 



i 

I ,,., 

! 
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and consists primarily of silt with some clayey silt in the upper 
portion. Beneath this is a layer of approximately five feet of 
clayey silt which disappears in the area south of the railway tracks. 
Next a layer of five to fifteen feet of fine sand is found which 
is underlain by five to seven feet of clayey silt. This layer is 
in turn underlain by approximately 30 feet of fine sand. Beneath 
this and extending to a depth of over 125 feet is found another 
clayey silt layer. Reference should be made to the Record of 
Borehole Sheets contained in the report Appendix. Locations of 
boreholes and the inferred subsoil stratigraphy are shown on 
Drawing 19-527A-2 and 19-527B-2 of the Contract Drawings. 

Silt 

This layer is from ten to fifteen feet in depth. Its upper portion 
contains enough clay to make it slightly cohesive in places. 
Relative density generally increases with depth. The upper portion 
has a loose relative density with standard Penetration 'N' values 
as low as five. In contrast, the relative density of the lower 
portion varies from compact to very dense with Standard Penetration 
'N' values ranging to in excess of 100 blows per foot. Moisture 
content ranges from 18 to 20 percent. 

Clayey Silt 

The soil profile contains three distinct layers of clayey silt. The 
upper clayey silt layer, which is found between layers of silt and 

sand, is approximately five feet in thickness over most of the site. 

It was not, however, encountered in boreholes, 1, 2 or 3 located 
on the south side of the railway tracks. This layer exhibits a very 

... · 

stiff consistency with shear strengths estimated to be between 2000 
and 3000 p.s.f. Moisture content was found to be approximately 20 
percent. The second clayey silt layer consists of five to ten feet 
of material sandwiched between two fine sand layers. Moisture content 
varies fi6~ 17 to 21 percent. Standard Penetration 'N' values are 
generally between 14 and 30 indicating a stiff to very stiff 
consistency. 

~.. The third clayey silt layer extends from a depth of approximately 
60 feet' to in excess of 125 feet where the deepest borehole was 
terminated. It may be subdivided into two portions. Between the 



depths of 60 and 105 feet Standard Penetration 'N' values range 
from 16 to 60 and moisture content is 20 percent or above. Below 
105 feet Standard Penetration Test 'N' values are well in excess of 
100 blows per foot and the mo.isture content ranges from 13 to 19 
perc~nt. 

Fine Sand 

5 

There are two distinct fine sand layers, both of which are sandwiched 
between layers of clayey silt. The upper layer varies in thickness 
from five to fifteen feet, while the lower layer ranges from 25 to 
30 feet. Silt content for both layers generally ranges from 10 to 
25 percent but is higher in isolated pockets and along the layer 
boundaries. Grain size distribution for the fine sand is shown as 
an envelope in Figure l. Standard Penetration 'N' values range from 
15 to in excess of 100 blows per foot but are generally in excess 
of 30. This would indicate a dense to very dense relative density 
with occasional compact pockets. Laboratory tests indicate a 

! moisture content of approximately 20 percent. 

Groundwater 

Fieldwork was carried out during a prolonged thaw in February which 
produced extensive ponding in surface depressions. Water levels in 
the boreholes throughout this period remained within a foot of the 
ground surface. It may be assumed that this water level would be 
somewhat lower during other seasons of the year. 

January, 1979 

K.G. Selby, P. Eng. 
Supervising Engineer 
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r MINISTRY OF TRANSPORTh' JN AND COMMUNICATIONS-ONTARIO 

w p __ 4_0_-_66_-_1_3_&_1_4 ___ 

D1ST __ 2 __ HWY 402 

DATUM~~G~e~o~d~et~i~c;..._ __ ~--

EL EV 
DEPTH 

794.3 

SOIL PROFILE 

DESCRIPTION 

Ground Level 

O.O Silt, s6111e clayey 

silt layers 

Compact to Dense 

779.3 

15 •° Fine sand, some silt 

Dense to Very Dense 

767.8 

26.5 End,of Borehole 
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...: 
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°" .... 
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RECORD OF BOREHOLE NQ 1 
LOCATION Co-ords. 15,606,624 N: 1,261,084 E. ORIGINATED BY~ 
BORING DATE February 23, 1976 COMPILED BY MK 

CHECKED BY ~· BOREHOLE TYPE Hollow Ste111 Augel'.' & Cone Test 

SAMPLES 
.,., 

"' ...... 
w ...... ;:) 

<O 0.. .... 
:! )- < 
:::> I- > 
z ? 

1 SS 17 

? "" 'H 

3 SS 41 

4 ~ 27 

<; <:C <;~ 

"' <:<: "'~' 

7 ~ 38 

R <:<: /,o 

"' ... ..... 
3 
~ 
5 
"' \!l 

ELEV 

DYNAMIC CON!: PENETRATION LIQUID LIMIT -Wl ,_ 
l"'"R;.:.E.:..;Sl"""S;.;.TA-'"'N"'-C::..;E;.-.;P..:t;.:.0..;-T-_,.. __ ....,..._-IPLASTIC LIMIT ___ w, !:::: ~ 
L;...""""2~·10_,...;.4;;,,0--~60:.:._....,::.A0:.:...._.1:::.h'o:.:....-f WATER CONTtNT-w Z w .. ;:),,_ 

SHEAR STRENGTH w, w wl > 

0 UNCONFINED 
• OUICl< TRIAXIAL 

20 

.i. FIELD VANE 
>< LAB VANE 

15 ~5 % STRAIN AT FAILURE 
10 

~ 

WATER CONTENT % 
y 

10 20 30 

REMARKS 

% 
GR SA SI Cl 

0 2 84 14 

0 85 (15) 
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MINISTRY OF TRANSPORT/ :)N AND COMMUNICATIONS-ONTARIO 

w p 40-66-13 & 14 

DIST __ ~2 __ HWY _....:.4.::o02=----

DA TUM ____ G_eo_d_e_t_i_c~-----

SOil PROFll E 
... 
9 
Q. 

...: 

..;( 

""' 

El EV 
DePrH DESCRIPTION 

,_ 
"' 793,5 Ground Level 

o.o Silt, some clayey 

silt layers 

Dense 
778.5 
15.0 Fine sand, some silt 

I Very Dense . 
167.0 
26.5 End of Borehole 

•I 

8 

RECORD OF BOREHOLE N2 2 
Lo c ATIO N ___ c_o_-_or_d_s_._l_S..._, 6_0_6..._,_6_38--'N-'; __ 1_. .... 2_6_0.:;..., 9_6_0_E_. ---- ORIGINATED BY .11§__ 

COMPILED BY~ 

CHECKED BY---~-• 
BORING DATE February 23, 1976 

BOREHOLE TYPE Hollow Stem Auger & Cone Test 

SAMPLES 

"' "" ..... 
w w ::J 

"' Q. 
_, 

::i; >- ..;( 

::> ,_ > 
z 

~ 

flj DYNAMIC CONE PENETRATION 
"" RESISTANCE PLOT 
J 20 40 60 80 160 

2 SHEAR STRENGTH 
§ 0 UNCONFINED + FIEtD VANE 
Cl e QU!Cl( TRIAXIAl X lAB VANE 

tlEV 

LIQUID LIMIT _w, 
PLASTIC UMIT---WP 
WATER CONTENT--.W 

Wp W w, 
t----0----o 

WATER CONTENT % 
10 20 30 

2 <:c: ,, 
-- 0-

'i C!c: /,.7 780 
/,. c:c: 1.00i 7" 

'i c:c: l 'i2 0 

770 

6 .,., 78 

20 
15 ¢-5 % STRAIN AT FAILURE 

... 
,_ ::t: 
-o z­=> .... 

?:: 
y 

REMARKS 

% 
GR SA SI CL 

0 78 (22) 
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RECORD OF BOREHOLE N2 3 

WP 40-66-13 & 14 LOCATION Co-ords. 15 1606 1678 N; 11261,024 E. ORIGINATED SY ...t:!]__ 

DIST 2 HWY 402 BORING DATE February 24, 197§ COMPILED BY1-

DATUM Geodetic BOREHOLE TYPE Hollow Stem Au11er & Cone Test CHECKED BY • 

$01 L PROF! LE SAMPLES m DYNAMIC CONf PENETRATION LIQUID LIMIT _wl ,_ 

~ 
RESISTANCE PLOT PLASTIC LIMIT __ wp ,_ ::i:: 

ELEVr-. -<.:> ,_ 
"' 20 40 60 llo 100 WATER CONTENT __ w z-

9 ""' UJ :::> UJ 

a. UJ LlJ ;::) 2 SHEAR STRENGTH Wp w WL ;: REMARKS 
<XI a. _. 

.....----0-----
5EPrH I DESCRIPTION F' :::: >- <( -:;, 

0 UNCONFINED + FIELD VANE 
<f :::> ,_ > ~ • QUICK TRIAXIAL x LAB VANE WATER CONTENT% r 
""' z C) % ,_ 

f: 7Q4.1 I c--~""" '·"""1 
V> ELEV GR SA SI CL 

o.o Silt, some clayey ~ ."' silt layers 790 
1 SS 5 ( 
2 SS 21 -.., 

"""' 
Loose to Dense 3 SS 20 I~ r--

/, <!<! "l'l '"-"-

779.1 780 
15.0' 'i SS A1 

Fine sand, some silt <. '"' "' 8" 

Compact to Very Dense 7 -<:A 15 770 

8 SS b::J 

761. 1 

31.0 Clayey Silt / 

I/ Q <!<! R'i 
/ ; 760 
'/ 

/ 

Very Stiff to Hard j 10 <:s 30 
/ 

753.1 , 1.-

41.0 
11 SS 73 

Fine sartd,some silt 750 

with silt pockets 12 ~ i:.o 

, 'l <!<! 'il 740 Very Dense 

14 SS 61 

732.l 
42.0 Clayey silt ~ 730 

727.6 Hard , c <!<! c:;7 

66.5 End of Borehole 

/ 

I 

I 
20 

IS ¢-s % STRAIN AT FAILURE 

"' 
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f T.RAN SPORTt 
,.· 

COMMUNICATIONS-ONTARIO MINISTRY OF ::>N AND 

RECORD OF BOREHOLE N2 
WP 40-66-13 & 14 LOCATION Co-ords. 15 1606 1692 Ni 112601901 

DIST 2 HWY 402 BORING DATE February 25, 1976 

DAfUM Geodetic BOREHOLE TYPE Hollow Stem Auger & Cone Test 

SOIL PROFILE SAMPLES ffi DYNAMIC CONf PENETRATION ,_ RESISTANCE PLOT 

~ .... \/) 20 40 6
1
0 llo 160 g Ct: w 

w lJ.j ::> 2 SHl:AR STRENGTH 
HEV 0.. 

tO 0.. 
__, 

5EPTH DESCRIPTION ....: ::: ,... . <{ 

~ o UNCONFINED + FIELD VANE 
<{ ::> .... > • QUICK TRIAXIAL l< LAS VANE "" 2 .... ~ 794.0 Ground Level \/) ELEV 

o.o + \ Silt, some clayey 
silt layers 790 

" 1 <:<: <l 

784.0 Loose to Dense 2 <:<: h.f. \......_ 

10.0 clayey Silt 3 SS 23 
/ 

'yery Stiff. 
,, 4 <:<: 1': 780 779.0 , 

15.0 lFine Sand, some silt 5 SS 48 

f, <:<: 1nn 9" 
Dense to Very Dense 

770 
768.0 7 c::c:: ~A 

26.0 Clayey Silt 
,, 

/ ,, 
Very Stiff / 8 SS 16 

761.0 ,, 
33,0 760 

Q <:<: ~Q 

F.ine sand, some silt·. 

, 10 
with silt pockets 

11, 

. 
Dense to Very Dense • 12 

• 1 ~ 

728.0 
66.0 v 

/ 
I 

11. 

Clayey Silt / 
/ 

/ 
/ 

Very Stiff to / 

/ 
y 

Hard / '15 
~ 

/ 

// 
y 

/ 
/ 16 
/ 

/ 

/ 

/ 

/ 

690.0 JA / 

104.0 yv 

SS 55 

<:<: ?$\ 

<:<: ~f, 

<:<: '" 

<:<: ~7 

SS 16 

SS 'lh. 

" 

750 

740 

730 

720 

710 

700 

7" 

-

~ ···~ 

20 
15 .q.s % STRAIN AT FAILURE 

10 

10 

4 
E. ORIGINAT!:D fJY JLl.L_ 

COMPILED BY MK 

CHECKED BY :~. 
LIQUID LIMIT __ wl .... 
PLASTIC LIMIT _w, .... ::t: 

- t:> 
WATER CONTENT-W z-::>w 
W~L ~ REMARKS 

r WATER CONTENT% % 
10 20 .30 GR SA SI Ct 

t 0 7 87 6 

~~ 

0 0 88 ( 12} 

1--b-i 

0 0 34 62 4 

0 0 88 (12) 

1---1 

k>-1 

.J 
f7 

Continued 

i 

: 
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RECORD OF BOREHOLE NQ 4 Continued 
w p 40-66-13 & 14 LOCATION Co-ords. 15,606,692 N; 1.260.901 E. ORIGINATED BY .l!J.S....._ 

DIST 2 HWY _4_0_2 __ _ BORING DATE February 25, 1976 COMPILED BY MK 

CHECKED BY~ 

EL EV 
DEPTH 

690.0 

104.0 

668.5 
125.5 

I 

SOIL PROFILE 

DESCRIPTION 

continued 

Clayey Silt 

Very Stiff to Hard 

End of Borehole 

BOREHOLE TYPE Hollow Stein Auger & Cone Test 

SAMPLES "' w ... 
~ V') 

°' ..... 
w w :;:) 0 
co 0.. 

_, z 
~ >- <( a 
::i .... > "' z \!I 

? ELEV 

I' I 

/' 
" 

/" J--~+---,-.+....,,.,,..-1 
1
/ lB SS 150 6'' ,, 

/'/ 

v 
v 

680 

vv 
v 1--,--+ 0-,,-.,-+11-,-,,,6" 

DYNAMIC CONE PENETRATION 
RESISTANCE PLOT 

210 AO 60 1fo 160 
SHEAR STRENGTH 
o UNCONFINED + FU:LO VANE 
• QUICK TRIAX!Al x LAB VANE 

20 
15 ¢>-s % STRAIN AT FAILURE 

LIQUID LIMIT _w, ... 
..... J: PLASTIC LIMIT _w, -l.!> 

WATER CONTENT _w z-::> ..... 
w, w w, 3: REMARKS 
~ 

r WATER CONTENT % 
% 

10 20 30 GRSASICL 



.. 

z .. 
Q 
..... 
<t 
"" 0 .... 
Q. .. 

>< w 
::! 
0 
"' 
2 
0 
..... 
a: 
0 
Q. 

w 

"" ...., 
v 
;:;:: 

0 

... 

,... MINISTRY OF TRANSPORT! 'JN AND COMMUNICATIONS-ONTAR 10 
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RECORD OF BOREHOLE N~ 5 

WP 40-66-13 & 14 LOCATION Co-ords. 15,606,776 N· ' l,260,996 E. ORIGINATED BY ..NS-

DIST 2 HWY 402 BORING DATE February 20, 1976 COMPILED BY1-

DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger CHECKED BY ' 

SOIL PROFILE SAMPLES "" DYNAMIC CONE PENETRATION LIQUID LIMIT --wl .... 
"' ..... :t ... RESISTANCE PLOT PLASTIC LIMIT _w, 

I ~ 
-0 ,_ 

"' 2
1
0 40 60 80 JOO WATER CONTENT-w z-

El EV I 9 "" w ::i~ w w ::i 0 SHEAR STRENGTH PS F Wp WL REMARKS 
Q. z w 

co Q. ..... ~ 

DESCRIPTION ,_; :E >- <t :::> o UNCONFINED + l'lEtD VANE -. £ y 
DEPTHj <t ::i ..... > • QUICK TRIAXIAL )( LAS VANE WATER CONTENT% 

"" z ~ % .... 
~ 1000 794. 3 : Ground Level "' ELEV 2000 10 20 30 GR SA SI Ct 

o.o jsilt, some clayey • .silt layers 790 I 1 r SS lG 

I ? <;<: ,, " 
!Compact to Very Dense 

782. 3 3 SS 63 0 0 6 88 . 6 

12.0 l Clayey Silt " I.. ""·' DU :>- l-0--1 

" 780 
Very Stiff 

/ l; .'\ 'MJ uu 9 ' 776.3 I v 

18•0 1Fine sand, some silt 
I . 6 SS R7 ' 0 77 (23) 
I 
I 

I 
770 

Very Dense 7 <:<: 1 i:.1 

766,3 I 

28.0 Clayey Silt 
R <:<: 17 ...~. 

761.3 Very Stiff 

"'" t 760 
ine sand, some 

. 
Q "'"' 7? silt 

1 "" '11t potk•" 
. 

• 10 SS 78 0 0 83 (17) 

750 
I • 111 ""' '\7 

Very Dense 

1? SS 61 I . 
740 

.. 13 SS A7 

I 
I 

t32.8 I 
.. 

. 14 <::<:: 11 7 

61.5 i End of Borehole 

I 
l 
: 
i 

I 
i 

; 
; 

I 

I 
I 
' ' ' 
i 

! 
' 
i 

! 
I 

l 
20 

lS <}-5 % STRAIN AT FAILURE 
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RECORD OF BOREHOLE N2 6 
WP 40-66-13 & 14 LOCATION Co-ords. 15,606,778 N; 1,260,876 E. ORIGINATED. BY~ 

DIST 2 HWY 402 BORING DATE Februai:x 26 1976 COMPILED BY~ 

DATUM Geodetic BOREHOLE TYPE Hollow Stem' Auger CHECKED BY • 

SOIL PROFILE SAMPLES "' DYNAMIC CONE ~ENETRArlON LIQUID LIMIT __ wL ..... 
w ..... :r .... RESISTANCE PLOT PLASTIC LIMIT __ w, 
~ 

-0 
§ "' 2

1
0 40 60 llo 160 WATER CONTENT-W z-

"' w ::i;: 
w w ::i 2 SHEAR STRENGTH W~L REMARKS 

ELEV 
0.. co 0.. 

_, 
DESCRIPTION ...: <( :> 

DEPTH 
:;: >- £ 0 . UNCONFINED + FIELD VANE y <( :> ...... > • QUICK TRIAXIAL l< LAB VANE WATER CONTENT % 

"' z 0 % ..... ? 792.7 Ground Level "' EJ.EV GR $A$! Cl 

0.0 ·Silt, some clayey ~ 

790 
" 

silt layers. 

l I SS 10 
? "" <O Compact to Very Dense 

)All 7 'l SS 52 

12.0 Clayey Silt ,,~ {, <:<:: ll\ 780 

775. 7 Very Stiff i,.1)' <:: "" ?~ 

11.0 Fine sand, some silt .F.. 

770. 7 Very Dense .. 
22.0 Clayey Silt 7 

Stiff 
~ 

765.7 
27.0 ll 

Fine sand; some silt· 
0 . 

With silt pockets . 10 

•• h 1 

Dense to Very Dense ,,., 

. '~ 

.111. 

726.2 • " <:: 
66.5 End of Borehole 

I 

<:<: 11111 

SS 14 

<::<:: '11 

~~ , nn 

SS 100 

<::<: 11? 

<::<:: 7{.. 

<::<:: f..'I 

'"' 7F. 

"" 1 (1f, 

8" 

770 

107.6? 
10" 

75 

740 

730 

I 

I 

I 
20 

15 ¢-5 % STRAIN AT FAILURE 
10 
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RE CORD 0 F BOREHOLE N2 7 

WP 40-66-13 & 14 

DIST 2 HWY 402 

DATUM Geodetic 

LOCATION Co-ords. 15,606,8:30 N; 1,260,937 E. 

BORING DATE --1'..!:,,.b,,.ru,,,a,_,,r4y_.._19._.,_...l.,,9._76"'"-----------­

BOREHOLE TYPE ,tlol!ow Stem_ A,1,1.""ge'"'r'-'-"&'-!:lco""n"'e"--'T,"'e"'"s,,_t ----~--

ORIGINATED 8Y ..Eli..._._ 

COMPILED BY~ 

CHECKED BY~':':·_ 

SOIL PROFILE 

! 
EL EV ! 

DESCRIPTION 
DEPrH 1 

793.8 
i 

Ground l.vV<'l 

6 SS 90 

i 

i 
765.8 i ... i-:,.,::.;:;...:...::_:_,_, _________ _...__. 

Very Uense 

28.0 i 
.Lf.i9·8 I 

Clayey Silt 

Very Stiff 
8 SS I 21 

33.0 I 
!Fine sand, some silt 
I 

I 

~ith silt pockets 
SS 69 

~ .... to Very Dense 

SS •. 11.Q. .. ·111 

I 
I 

snnd With µ'•~~..__j.....i";>.>'<!1--~ (_,8.l. 
I gravel 

R8~§J~--~-~-·-----·~- . ...:~ . v 
65,0 : I/ 

1, 

I 
1, 

Lil I/ LL --5.L 
I [/ 
I C.laycy Sll t v I 
I I/[/ 
I 
I 

I [/ 

/ 
,_ 

~--~'·'~ 

l/ lL. .• S.S. .:.....1.6. 

j Vuy Stiff tu Hard 1/ 
l/ 

i / 
I v 

(,'/ 
'/ 

v 
I 

1}' 

I 
' 

1_, 
1, 

' I/ 
v :r:c _Ji&__ ttrrm 

I 
v 

689.8 .I A v 

104.0 yr 

6" 

DYNAMIC CONE PENETRATION LIQUID LIMIT _wl 
~ESISTANCE _P_lO_,tc.-.--.---.---tPLASTIC LIMIT __ wp 

20 7o 60 llo 160 WATER CONTENT-w 
SHEAR STRENGTH Wp w wl 

0 UNCONFINED 
• QUICK TR!AXIAl 

+ FIELD VANE 
x LAB VANE 

~ 

WATER CONTENT % 

10 20 30 

770 ---~-11--r-_:~ ___ L_ 

;.-0-r 

760 ~- -. _______ __.,._ _ _,_ __ ~---4--+--+·-+--I 

0 

.... _..____._ __ J_ __ ~ 
I 

~ 
730~~---- ----1 

710 --'-·' ··----··---~c---- ___ J_' '" ·-- -------·f<----1---1 

I 
! 

700 f-----~--r~~ 

690 . _J- __ --· . 
20 

15 ¢-- 5 % STRAIN AT FAllURt 
10 

Y' Continued 

R~MARKS 

y 
'!. 

GRSASiC', 

0 2 96 2 

0 0 62 38 

0 78 (22) 

091(9) 

26 68 ( 6 , 
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0 
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( MINISTRY OF TRANSPORT! Ol'J AND COMMUNICATIONS-ONTARIO . 

--~~---------------_;...--------------~---------------------------------------------..----. 

w p 40-66-13 & 14 

DIST 2 HWY 402 

DATUM Geodetic 

SOIL PROFILE 

EL EV 
DESCRIPTION 5EPTH 

689.8 continued 

104.o Clayey Silt 

Very Stiff to Hard 

677.8 
116.0 End of Borehole 

I 

15 

RE CORD 0 F BOREHOLE N2 7 Continued 
LOCATION co-ords. 15,606,830 N; 1,260,937 E. 

BORING DATE ~"'"a""'ry..._...1 .... 9,.... _,.l..,9"-7"'"6----------­

BOREHOLE TYPE Hollow Stem Auger 

ORIGINATED BY _us_ 
COMPILED BY~ 

CHECKED BY~ 

SAMPLES "' ..... ,_ 

~ ... "' g °' I.I.I 
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me.f.!,randum 
To: M. Bond 

Head, Geotechnical Section 
Southwestern Region 

From: Foundation Design Section 
Room 315, Central Building 

Date: 1985 09 18 

RE: C.N.R. Overhead, East Approach Embankment 
Site No. 19-527, Highway 402 
District_2, London 

This memo summarizes discussions and technical recommendations 
formulated by yourself and the writer during our visit to the above­
mentioned site on 85 06 13 and subsequently by telephone. 

Backgrornd 

The embankments for the structure approaches were constructed 
to subgrade level under Contract 79-51. Fill material used was a 
silty clay. Original grolllld at the site consists of layers of compact 
to very dense silt followed by stiff to hard silty clay. The pavements 
were constructed under Contract 82-67 and consisted of a 1~ inch 
surface course of HLl,a 1~ inch upper course of HL4, a 7-inch middle 
course of concrete base and a 5-inch lower course of lean concrete base. 
Shortly after the road was opened to the public, settlements began to 
occur on the E.B.L.s and W.B.L.s of the east approach from the bridge 
to about six hundred feet easterly. Investigations carried out by 
the Regional Geotechnical Sections revealed the presence of up to 
three feet of sand saturated with water below the lean concrete base. 
It appears that this sandy material had been used to bring the embankment 
up to subgrade level prior to paving operations. Its saturated condition 
and apparent inability to drain is most undesirable just below the 
pavement. These factors are probably the major causes of the settlements 
which have occurred. 

Recommendations 

A review of the subsurface conditions at this site indicates that 
it is most unlikely that the pavement settlements are due to differential 
settlements of the soil below the embankments. They are almost certainly 
due to compression of the saturated sandy material in the upper subgrade. 
Only removal of this material and complete rebuilding will provide a 
one-hundred percent solution to the problem, however, before this 
extreme step is taken another approach should be tried. If drainage of 
the sand layers can be effected and maintained it may be possible that 
further settlements will be substantially reduced or prevented and the 
pavement will require patching only. To achieve this, french drains 
two feet wide and five feet deep should be constructed at each side of 
the pavements. A six inch perforated pipe should be placed in the trench 
which should be backfilled with Granular rA'. A frost free outlet must 
be provided for the pipes. In those areas where settlement is severe, 
transverse french drains connected to the side drains should also be 
constructed. This treatment should be applied initially as an experiment 
on one or two areas where the settlements are the most severe and extended 
if significant improvements occur. 

1540-1310 (101101 KGS/nnnj 

-6~'-J 
K.G. Selby, P. Eng. 
Chief Foundations Engineer 
(West) 

® 
Ontario 
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Photograph 1:  Looking at the west abutment of the CNR EBL structure from the service road.  
Surficial cracks were observed on the abutment wall. The front slope was covered with crushed rock 
(July 27, 2016).     
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Photograph 2: Looking at the south wing wall and the adjacent slope of west abutment of the CNR 
EBL structure from the service road.  Surficial cracks were observed on the abutment wall and the 
wing wall.  The adjacent slope is vegetated and effect of erosion on the slope face was not observed  
(July 27, 2016).     
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Photograph 3:  Looking at the north wing wall and the adjacent slope of west abutment and the Pier 
No. 1 of the CNR EBL Structure from the service road.  Surficial cracks were observed on the 
abutment wall, wing wall and pier.  The adjacent slope is vegetated and effect of erosion on the 
slope face was not observed (July 27, 2016).     
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Photograph 4: Looking at the west abutment and the Pier No. 1 of the CNR EBL structure from the 
service road.  Crushed rock protection of the front slope of the abutment was observed. Surficial 
cracks were observed on the piers (July 27, 2016).     
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Photograph 5: Looking at the northerly column of Pier No. 1 of the CNR EBL Structure.  Slight 
erosion at the foot of the pier was observed (July 27, 2016).     
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Photograph 6: Looking at the Pier No. 2 with crash wall of the CNR EBL structure from the service 
road.  Surficial cracks were observed on the columns and crash wall.  The ground was vegetated 
and effect of erosion was not observed (July 27, 2016).     
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Photograph 7: Looking at the Pier No. 3 with the crash wall and east abutment of the CNR EBL 
structure and the single CNR track from the service road.  Surficial cracks were observed on the pier 
and the crash wall (July 27, 2016).     
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Photograph 8: Looking at the east abutment with the front slope of the CNR EBL structure from the 
service road.  Surficial cracks were observed on the abutment wall.  The front slope of the east 
abutment is covered with crushed rock.  Effect of erosion on the slope face was not observed  
(July 27, 2016).     
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Photograph 9: Looking at the east abutment, the Pier No. 3, the south slope adjacent to east 
abutment of the CNR EBL structure and single CNR track from the service road.  The adjacent slope 
is vegetated and effect of erosion on the slope face was not observed (July 27, 2016).     
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Photograph 10: Looking at the north wing wall of the east abutment of the CNR EBL structure, the 
slope adjacent to the east abutment and the single CNR track.  Surficial cracks were observed on 
the wingwall.  Also, a local concrete spalling area was observed at the corner of the wing wall.  The 
adjacent slope is vegetated and effect of erosion on the slope face was not observed  
(July 27, 2016).     
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Photograph 11: Looking at the west abutment of the CNR WBL structure and the front slope.  
Surficial cracks were observed on the abutment wall from the service road.  The slope is covered 
with crushed rock and effect of erosion on the slope face was not observed (July 27, 2016).     
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Photograph 12: Looking at the south wing wall and the adjacent slope of west abutment of the CNR 
WBL structure from the service road.  Surficial cracks were observed on the wing wall.  The adjacent 
slope is heavily vegetated and effect of erosion on the slope face was not observed (July 27, 2016).     
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Photograph 13: Looking at the north wing wall and the adjacent slope of west abutment of the CNR 
Overhead WBL structure from the service road.  Surficial cracks were observed on the wing wall.  A 
C.S.P. was observed on the side slope.  The slope is vegetated and effect of erosion on the slope 
face was not observed (July 27, 2016).     
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Photograph 14: Looking at the west abutment and the Pier No. 1 of the CNR WBL structure from 
the service road.  Crushed rock protection was covering the front slope of the abutment. Surficial 
cracks were observed on the pier (July 27, 2016).     
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Photograph 15: Looking at the Pier No. 2 with the crash wall of the CNR WBL structure from the 
service road.  Surficial cracks were observed on the pier and the crash wall.  The ground around the 
crash wall was vegetated and effect of erosion was not observed (July 27, 2016).     
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Photograph 16: Looking at the Pier No. 3 with the crash wall of the CNR WBL structure from the 
service road.  Surficial cracks were observed on the pier and the crash wall.  The ground around the 
crash wall was vegetated and effect of erosion was not observed (July 27, 2016).     
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Photograph 17: Looking at the east abutment of the CNR WBL structure from the service road.  
Surficial cracks were observed on the abutment wall.  The front slope is covered with crushed rock 
and effect of erosion was not observed (July 27, 2016).     
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Photograph 18: Looking at the south adjacent slope of east abutment of the CNR WBL structure 
and single CNR track from the service road.  The adjacent slope is vegetated and effect of erosion 
on the slope face was not observed (July 27, 2016).     
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Photograph 19: Looking at the north wing wall and the adjacent slope of east abutment of the CNR 
WBL structure and single CNR track from the service road.  Surficial cracks were observed on the 
wing wall.  The slope is vegetated and effect of erosion on the slope face was not observed  
(July 27, 2016).     
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