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Table 1 — List of Standard Specifications
Figure 1 — Key Plan

Appendix A — Previous Foundation Investigation Reports (GEOCRES No. 40113-47)

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.: 40113-47
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Reference 2.

Reference 3.

Reference 4.

Reference 5.

Reference 6.

Reference 7.

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.

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.

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.

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.

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.

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.

Appendix B — Site Photographs



Peto MacCallun Ltd

cCoONSULTING ENGINEERS

FOUNDATION TECHNICAL MEMORANDUM
For
CNR Overhead EBL/WBL, Highway 402
MTO West Region 59 Structure Rehabilitations
Sites 19-527-1/2, Contract 4, GWP 3102-10-00
Geographical Township of Strathroy-Caradoc
Middlesex County, Ontario

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.

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

E-mail: toronto@petomaccallum.com
BARRIE, COLLINGWOOD, HAMILTON, KITCHENER, LONDON, TORONTO
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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 20" 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, Soll
Mechanics Section, Geotechnical Office, West Bldg., dated April 30, 1976.
GEOCRES No.: 40113-47



Foundation Technical Memorandum

CNR Overhead EBL and WBL, MTO West Region 59 Structure Rehabilitations Pﬁi)
Sites 19-527-1/2, Contract 4, GWP 3102-10-00, Index No.: 382FTM (_/
PML Ref.: 13KF006D-CN, November 22, 2017, Page 3

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 %2 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
237.3t0 239.0 (778.5to 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 189 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 patrticles; 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 GROUND SURFACE GROUNDWATER DEPTH BELOW
NO. ELEVATION ELEVATION GROUND SURFACE
m (ft.) m (ft.) 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 % 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.

e 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
(1in.) 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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e 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.)

e 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
0O.D. x 6.35 mm wall thickness (12 % in. O.D. x ¥4 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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7

PILE CUT- TOP OF
BATTER LENGTH OFF PILE CAP
LOCATION AND PILE TYPE FACE NO. (H:V) m (ft.) ELEVATION ELEVATION
m (ft.) m (ft.)
- West Front 7 1:3 18.9 (62.0) 24719 247 65
)] . . .
§ ¢ | Abutment 222: ‘Z’ VelrF';a' g'; 222'8 (811.00) (812.50)
< : 9 (62.
E 2| pirno 1 | West | 6 1.3 | 13.4 (44.0) 242 32 242.93
3 o £ L ' East 6 1:3 13.4 (44.0) | (795.00) (797.00)
sanpS North 2 1:3 11.3 (37.0)
— O n ;
o8 x2c . South 2 1:3 11.3 (37.0) 240.18 240.79
€5 .S = PierNo.2
aFQox West 6 1:5 11.0 (36.0) (788.00) (790.00)
29 Cé e X East 6 1:5 11.0 (36.0)
© z,_') o W
WEZE N . est & _ 240.79 241.40
£ 2 PierNo.3 | "C 05| 16 1:3 125 (41.9) | 79000 (792.00)
§ 3 East Front 7 1:3 18.9 (62.0) 047 35 047 80
~ S| Abutment | _Rear | 2 13 | 18.9(62.0) | (g1 50) (813.00)
Rear 4 Vertical | 17.7 (58.0)
Front 7 1:3 18.9 (62.0)
D West . 247.35 247.80
= 8| Abutment |R€& | 3 | Vertical | 180(59.0) | (g19759) | (313.00)
s g Rear 2 1:3 18.9 (62.0)
. E 2 bior No. 1| West 6 1:3 13.4 (44.0) 242.32 242.93
degE L ' East 6 1:3 13.4 (44.0) | (795.00) (797.00)
Sa0es North | 2 13 | 11.3(37.0)
28 x 22| pierno.p [ South | 2 1:3 11.3 (37.0) 240.18 240.79
é’ Fadx ' West 6 1:5 11.0 (36.0) | (788.00) (790.00)
%9 g E X East 6 1:5 11.0 (36.0)
N o
ShE o _ 240.79 241.40
> 2 Pier No. 3 All 16 1:3 12.5 (41.0) (790.00) (792.00)
§ 3 East Front 7 1:3 18.9 (62.0) 047 35 947 80
o | Abutment | _Rear | 2 13 | 189(62.0) | (g1750) (813.00)
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

PREVIOUS LIMIT STATE DESIGN VALUES
WORKING STRESS PR';‘Q:’#ESDEI?S‘IJ(';‘LA\';EEJ%M'T UPDATED TO CURRENT
VALUES INDUSTRY PRACTICE
FOUNDATION
LOCATIONS SAFE BEARING BEARING (ﬁﬁ)SISTANCE BEARING (iﬁ)SISTANCE
RESISTANCE
(Tons)
SLs FACJ&RED SLS FACTORED ULS
West abutments
Piers 1, 2 and 3 60 534 640 534 640
East abutments

Notes:
1.

2.
3.
4

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

Resistance Factor = 0.4 for deep foundation (CFEM 4™ edition).

Assumed Factor of Safety is 3 (CFEM 4™ edition).

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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8. CLOSURE
This Technical Memorandum was prepared by Mr. N. Rahman, P.Eng., Project Engineer and was
reviewed by Mr. R. Ng, PhD, P.Eng., MTO Designated Principal Contact. Mr. B. R. Gray, MEng,

P.Eng., Principal Consultant conducted an independent review of the report.

We trust that this memo is sufficient for your immediate needs. Please, do not hesitate to contact

us if you have any inquiries and/or comments.

Yours very truly,

Peto MacCallum Ltd.

Nazibur Rahman, P.Eng. Brian R. Gray, MEng, P.Eng.
Project Engineer, Geotechnical Services Principal Consultant

Robert Ng, MBA, PhD, P.Eng.
MTO Designated Principal Contact

NR/RN/BRG:nk
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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

Slope Flattening Using Surplus Excavated Material On Earth or

OPSD 2020.10 Rock Embankment

OPSD 3090.101 Foundation Frost Depth for Southern Ontario

Table 1, Page 1 of 1
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Figure 1 — Key Plan

CNR Overhead EBL and WBL
Structures
(Site Nos. 19-527-1 and 19-527-2)

Imagery ©2016 Google, Map data ©2016 Google 500 m

Figure 1, Page 1 of 1
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APPENDIX A

Appendix A — Previous Foundation Investigation Reports (GEOCRES 40113-47)

Reference 1.

Reference 2.

Reference 3.

Reference 4.

Reference 5.

Reference 6.

Reference 7.

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.: 40113-47

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.

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.

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.

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.

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.

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

MEMORANDUM
To:  A.P. Watt (2) FRaM:
Regional Structural Planning Engineer
Southwestern Region, London
ATTENTIHIN: DaATE:
DOur Fiue Rer. IN REPLY TO

40l i3-47

GEOCRES Mo,
Soil Mechanics Section
Geotechnical Office
West Bldg.
April 30, 1976
" MAY 051978

SUBJECT:

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

LA #/9-527

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

We believe that the factual data and recommendations contained therein
will prove adequate for your requirements. Should additional infor-
mation be required, please do not hesitate to contact our Office.

K. L. Dty

K.G. Selby
Supervising Engineer

KGS/bp

R.S. Pillar
C.S. Grebski
B.J. Giroux
G.A. Wrong

A. Wittenberg
J.R. Roy

D.P. Collins

R. Hore

Jd. Anderson )
A, Crowley ) Memo only
- G. Sloan '

Files
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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

INTRODUCTION

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 removal of the rods from the hollow stem augers.

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.

Ph&éﬁographical]y, the area in which the site is located is referred to as
the'Caradoc Sand Plain'.

SUBSOIL
General

The subsoil consists of alternating layers of cohesive and non cohesive
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3.3

material. The first 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.

Silt

gt

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 'N' values as low as five. In contrast the re-
lative density of the Tower 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 so0il 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
content 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 'N' values are generally between 14
and 30 indicating a stiff to very stiff consistency.
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4.1

4.2

3.

The third clayey silt layer extends from a depth of approximateiy 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 'N' values
are well in excess of 100 blows per foot and the moisture content ranges
from 13 to 19 percent.

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 five
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
nvisture content of approx. 20 percent.

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 Tower during
other seasons of the year.

DISCUSSION AND RECOMMENDATIONS

Discussion

It%{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. h

Perched Abutments

Perched abutments may be supported on steel tube piles (12 3/4" X 1/4").
A design load of 25 tons per pile may be used if these piles are driven fo

ST



4.3

4.4

4.5

4.6

4.
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.

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.

(¢) 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 desiagn

~ Toad of 35 tons should be used for these piles with a tip elev. of 770.

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. eley. 680. - L

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

oceur primarily during construction. Differential settlement after the deck

is placed will be less than 1 inch.

-

Dewatering

The use of spread footings will require a dewétering scheme employing sheet

- piling. The sheet piling should be driven so that its depth below the



eroundwater level is egual to twice the required depth of excavation be-
Tow the same groundwater level.

4,7 Frost Protection

A1l 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. '

B i

Project Engineer

] 4, Roatiy

K.G. Selby, P. Eng.
Supervising Engineer

KGS/bp
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EXPLORATION

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS—ONTARIO

ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION
RECORD OF BOREHOLE N@

40-66-13 & 14

LOCATION

Co-ords. 15,606,624 N; 1,261,084 E,

1

WP ORIGINATED BY BI5
DIST___ 2 HwY __ 402 BORING DATE __ February 23, 1976 COMPILED BY MK
DATUM _ Geodetic BOREHOLE TYPE Hollow Stem Auger & Cone Test CHECKED BYﬁ
% JDYNAMIC CONE PENETRATION LIQUID LIMIT ——W, b=
SOIL PROFILE SAMPLES L RESISTANCE PLOT PLASTIC LIMIT ——we | = (:g
51 « 2] 3 2940 6o 80 360 |WATER CONTENT..W | Z 3
ELEV gfwiw 3] 2 [SHEAR STRENGTH wp w Wy 2 | REMARKS
BEPTH DESCRIPTION 212 > | £} 8 ]o unconrined _+ FIELD VANE y
DE 2l 27 17| 6 |e ouick TRiaxiAL  x 1AB vaNE | WATER CONTENT % o,
794.3 Ground Level ) Z leLey 1 20 30 GRSA §1 CL
0.0 gilt, some clayey 'é'
1 88 17
silt layers 790
4 EY) 37 L <
3 85 %l ? o 0 2 84 14
Compact to Dense \
T Y _
779.3 3185 L33 g4 — _
15.0 "L.'6. 1 88 | ok 1007 6" o 0 85 (15)
*" |fine sand, some silt | ° ,
TR SR
Dense to Very Demse | .~ 770
767.8° Sial B 188 1 49
26.5| End of Borehole

20
15 4-5 % STRAIN AT FAILURE
10



MINISTRY OF TRANSPORTATION AND COMMUNICATIONS~ONTARIO

ENGINEERING SERVICES BRANCH- GEQTECHNICAL OFFICE -~ 501 MECHANICS SECTION

RECORD OF BOREHOLE

Ne 2

wp_ 40-66~13 & 14 LOCATION Co-ords. 15,606,638 N; 1,260,960 E. ORIGINATED BY _EJS
DisT .2 MWy _402 BORING DATE _ Febpuary 23, 1976 COMPILED BY
DATUM Geodetle BOREHOLE TYPE Hollow Stem Auger & Cone Test CHECKED BY dﬁ'
x  JOYNAMIC CONE PENETRATION LIQUID LIMIT ——w =
501l PROFILE SAMPLES E PELISTANCE PLOT PLASTIC LIMIT W, :5
S o ol * Zo_do 65 o B0 | WATER CONTENT_w | Z 5
ELEV Ejw | w21 2 [SHEAK STRENGTH we w W % | REMARKS
—— DESCRIPTION 12| > | £] 8 |o unconmnep + FIELD VANE y
bEPTH el 2" ® |e ouick TRiaxiaL  x 1A vane | WATER CONTENT % %
793.5 Ground Level & < leey 10 20 30 GR SA 51 CL
0.0 Silt, some clayey hd “
740 &
silt layers i 58 30 ] :::7
2.18s .1 31 -GF' | e o
Dense
778.5 | ss | 421 780
15.0 : L4 1 85 1100AT"
¥irie sand, some silt - .
RG] o 078 (22)
Very Dense ' 770
767.0 .16 [ ss [ 78

CFEFICE REPORY ON SOIL EXPLORATION

End of Borehole

20
1545 % STRAIN AT FAHLURE
10




" OFFICE REPORT ON SOIL EXPLORATICN

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS~ONTARIQ

ENGINEERING SERVICES BRANCH- GEQTECHNICAL OFFICE - $OIL MECHANICS SECTION

RECORD OF BOREHOLE N©¢ 3

WP 40-66-13 & 14 LOCATION Co-ords. 15,606,678 N; 1,261,024 T. ORIGINATED BY BJB
pisT__ 2 HWY 402 BORING DATE _ TFebruary 24, 1976 COMPILED BY K
T Geodetic BOREHOLE TYPE Hollow Stem Auger & Cone Test CHECKED BY :
DATUM ’
#  JDYNAMIC CONE PENETRATION LIQUID LIMIT W =
SOIL PROFILE SAMPLES £ |Resistance pior bAIne i —v | o E
51 « wl E Jo 4o 60 8o 100 JWATER CONTENT—.w | Z &
ELE Ejwiw | 3] g [SHEAR STRENGTH L A 2 | pEmarks
ELEV DESCRIPTION g I g 3 ]© UNCONFRINED + FIELD VANE 0y
DEPTH gl 2| 17 & |eouck TRiaxiaL x 1ap vANE | WATER CONTENT % "
794.1| Ground Level © Z |etev GR SA 51 CL
0.0 51lt, some clayey \
' < 790
silt layers ¥ 55 = <
218550 R
Loose to Dense 3 |88 20 qm
779.1 4188 331 780 —
15.0 : ‘. 5 g8 81
Fine sand, some silt " : = Es Tl
Compact to Very Densa: LI 88 L15) 970
: {8188 [3]
763.1 .
31.0| Clayey Siit 4
2851831 760
Very Stiff to Hard 10158 | 30
733.1 ')l/
41.0 Ll
Fine sand,some silt {*, °* il 158 1 13 750
with silt pockets |, }-22..88.0.60
‘131 ss | 51
Very Dense Lt 740
LA EE e
732.1 .
42.0 Clayey silt ¢ 730
727.6 | Hard AT
66.5] End of Borehole

20
159-5 % STRAIN AT FAJLURE
107
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MINISTRY OF TRANSPORTATION AND COMMUNICATIONS-ONTARIO

ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION
RECORD OF BOREHOLE N¢ 4

LOCATION

wp__ 40-66-13 & 14 Co-ords. 15,606,692 N; 1,260,901 E. ORIGINATED BY RS
DIST__ 2 HwY 402 BORING DATE _ February 25, 1976 COMPILED BY MK
DATUM_ Geodetic BOREHOLE TYPE Hollow Stem Auger & Cone Test /CHECKED BY (@.
= IDYNAMIC CONE PENETRATION LIQUID LIMIT Wy b
SOIL PROFILE SAMPLES E |RisTance pior LiouD LmiT o
51 @ wl = 29 o o do do  JWATER CONTENT..w | Z 4
ELEV glw | w | 2] 2 [SHEAR STRENGTH we w. oW 2 | REMARKS
BEFTR DESCRIPTION SIE | > | <] 38 o unconmaned *+ FIELD VANE y
| 217 171 & |eouck mriaxiar x 1a8 vane | WATER CONTENT % o
794.0 Ground Level » Z | gpy 10 20 30 GR 5A S1 CL
0.0
Silt, some clayey
silt layers 790
1185 1 9 S
784.0 Loose to Dense 2. 188 1 .46 \ 4 0 787 6
10.0| Clayey Silt 3 188 .23 e —
779.0 Very Stiff 4 1 88.1 151 780 (=]
15.0 Fine sand, some silt 2..|.55 | 48 o 088 (12)
S TR L
Dense to Very Dense |.°
By 770
768.0. Lt 7 TRET
26.0 | Clayey Silt | A
1 ]
16 o
761.0| Very Stiff //, £ .88 ]
33.0 T 760
«.'bg 887 59
Fine sand, some silt| .’ |
"0 [ 88 155 = 0 34 62 4
with silt pockets L
- 750
-1l Iss [ 28
bense to Very Demse | , "J-&—-88.4.56 © 088 (12)
L 740
-'_: 13088 | 74
o 730
728,0 Lt )
66.0 //
14 S8 | 57 f—1
Clayey Silt §
B 720
Very Stiff to
b
Hard // 15 185 | 16
’// 710
/
e
A
/16 S8 134
b 700
//
11
1) oo oA/ " Ho—4
V|
690,0 Y, (9% 74
104,0 1 44 20 :
1595 % STRAIN AT FAILURE Continved

10




MINISTRY OF TRANSPORTATION AND COMMUNICATIONS~ONTARIO

ENGINEERING SERVICES BRANCH~ GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION

RECORD OF BOREHOLE N2 4 Continved

WP __40-66-13 & 14 LOCATION Co—ords, 15,606,692 N: 1,260 901 E. ORIGINATED BY RIS ..
pistT 2 HWY 402 BORING DATE  February 25, 1976 COMPILED BY MK
DATUM __ Geodetic BOREHOLE TYPE Hollow Stem Auger & Cone Test CHECKED B‘lﬂ
AM @ IDYNAMIC CONE PENETRATION LIQUID LHIT ¥y =
SOIL PROFILE SAMPLES ] & [Resistance pior PLASTIC LIMIT —wp | =5
ol « il 20 4o _do_ g0 100 | WATER CONTENT—w | Z 5
ELEV Efw|w |21 2 [SHEAR STRENGTH W w Wy = | REMARKS
SEFTH DESCRIPTION 212> | & 8 10 UNCONFINED + FIELD VANE : © ' y
Sl 21" |71 & | ouck rriaxia.  x 1as vane | WATER CONTENT % "
690.0] continued n Z leLey 10 20 30 GR SA 51 CL
104.0 1 1] ‘
Clayey 5ilt 11
///
I8 35 [15046"
7 1
ery Stiff to Hard //, 680
1
///
L
¥t 11191 s5.1120d6"
// 670
668.5 /" LY RTINS P

OFFICE REPORT ON SOiL EXPLORATION

125.5 End of Borehole

20
15 -5 % STRAIN AT FAILURE
W



OFFICE REPORT ON SO EXPLORATION

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS=ONTARIO

ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION

RECORD OF BOREHOLE

N2 5

WP 40-66-13 & 14 LOCATION Co-ords. 15.606,776 N: 1,260,996 B, ORIGINATED BY RIS
pist__ 2 Hwy 402 BORING DATE _ February 20, 1976 COMPILED BY %
DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger CHECKED BY b
& |oYNAMIC CONE PENETRATION LIQUID LIWIT Wi b
SOIL PROFILE SAMPLES b |RESISTANCE PLOT PLASTIC LIMIT s | &= 5
O « il B 2040 6o 4o 50 | WATER CONTENT..w | Z 5
eLE alwiw | 2] & [SHEAR STRENGTH PSF We w Wy 2 | REMARKS
v DESCRIPTION 12| > g & o UNCONFINED + FIELD VANE y
DEPTH el 37 |0 & |e ouick TRIAXIAL  x 1aB VANE | WATER CONTENT % "
794.3 | - Ground Level » Z leiey 1000 2000 1020 30 GRSA S1 CL
0-01si1¢, some clayey -% '
silt layers 260
1 185 |35
C ct to V. D 4. S5116
O o ver ense
782.3 i Y 3 |58 {63 ] o 0 688 6
12,0 | Clayey Silt % BE] g0 o HoH
Y1 11
; 5.1.TW | PH Q b
776.3 Very Stiff ./{
18,0 .t .
Fine sand, some silt e Tss TE7 N 0 77 (23)
- 170
Very Dense LT L7 1ss liel
766.3 L
8.0 Cla
2 yey Silt /// EETHET) N
761.3 Very Stiff %
330 Lt 760
Fine sand, some silt ' 9 {88 | 72
with silt pockets . ]_(, 58 75 o 083 (17)
T 750
Yo ss .37
Very Dense L
HZss Ten
L 740
- 3 lss |87
732.8 W R TN
61.5 ] End of Borehole

20 ’
1505 % STRAIN AT FAILURE
07



QFFICE REPORT ON SOIL EXPLORATION

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS~ONTARIO

ENGINEERING SERVICES BRANCH - GEOTECHNICAL OFFICE - S50IL MECHANICS SECTION

RECORD OF BOREHOLE N2 6

WP 40-66~13 & 14 LOCATION Co=-ords. 15,606,778 N; 1,260,876 E. ORIGINATED BY PJS
pist_ 2 Hwy 602 BORING DATE  February 26, 1976 COMPILED BY K
paTym___Geodetic BOREHOLE TYPE Hollow Stem Auger - CHECKED BY :
g  JDYNAMIC CONE PENETRATION LIQUID tIMIT ——W, =
SOIL_PROFILE SAMPLES % [RESISTANCE PLOY PLASTICL LIMIT e Wp :55'
Ol « i Zo__do__e0 g0 100 JWATER CONTENT..W | Z i
ELEV Elw|w |21 ¢ [SHEAR STRENGTH we woooW Z | REMARKS
BEFTH DESCRIPTION 2l 2] > | €] 8 ]o unconene _+ FIELD VANE y
2| 2= | 7| & |eouick tRiaxiaL  x Las vaNE | WATER CONTENT % o
792.7 | Ground Level @ z S GR SA SI CL
0.0
gilt, some clayey 790
silr layers.
1 8s.1.10
© {Compact to Very Dense 2183130 i
12.0| Clayey Silt e ss i8] 780
775.7 1 Very Stiff ¥1 5 186 | 25
17.0 [Fine sand, some silt | * 1§ | 55 (10048"
770.7 | Very Dense - ,.
22.0 Clayey $ilt ’/ e T35 770
765.7 stiff !
27.0 TR [ ss
Fine sand, some silt]” °*
N IR ETY 107’60
with silt pockets | : J6T 55 1100110
B Lss lmie] 754
Pemse to Very Dense - RS TTIE
- -3 &5 [&a] 740
MRS V) S8 16
730
726.2 D PR T -
66.5 End of Borehole ’

20
i59-5 % STRAIN AT FAILURE
10




OFFICE REPORT ON SOl EXPLORATION

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS—-ONTARIO

ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE ~ 50IL MECHANICS SECTION

RECORD OF BOREHOLE N2 7
wp  40-66-13 & 14 LOCATION Co—ords. 15,606,830 N; 1,260,937 E, ORIGINATED BY BJS
DIST___ 2 HwY 502  BORING DAYE _ ¥ebruary 19,.1876 COMPILED BY
DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger & Cone Test CHECKEDBYﬁ:’.
& JDYNAMIC CONE PENETRATION LIQUID LIMIT  —ee) b
SOIL PROFILE SAMPLES £ |resisTance riot PLASTIC LIMIT oWy t?f,
ol & gl = 2o 40 60 80 100  §WATER CONTENT..W { 25
ELEV Elwlw |21 2 [SHEAR STRENGTH we w oW 2 | REMARKS
SEFTH DESCRIPTION 212> €] 8 |o unconmmep + FIELD VANE y
o = A & | e QuICk TmAXIAL X% LAB vANE | WATER CONTENT % "
793.8 | Ground Level » £ | ey 10 20 30 GR SA 51 CL
0.0 5ilt, some clayey \ \
silt layers. 790 ~
i1/8 ] 6 k\
TTEETLS I e e o 0 296
Loose to Very Dense 1 m" % 2
781.8 3 1. 85 | 54 ?
12.0| Clayey Silt IS8T 780 i
5188 117 s 0 0 62 38
775.8 Stiff to Very Stiff -/’ )
18.0 " .
Fine Sand -. ; 3 58 90 d 4] 78 (22)
Some Silt -
. 770
765.8 Very Dense : /158 1130 ’
28.0 Clayey 5ilt q 5 bt
760.8 Very Stiff L 8 .55 X
33.0 LT 760
Fine sand, some silt ‘ 2.1 58 1 48
o 091 (9
with silt pockets L 10188 | 69 )
750
Dense to Very Demse .l
© o+l 1ss 140
o 740
sand with ' oo T 8s o 26 68 ( 6)
gravel e
728.8 L 730
65.0 //
b
S5 1 49
Clayey 5ilt 4 720
A
%
L
// 4188 16
Very Stiff to Hard |}V
b 710
LA
//
’
Vg
4 700
11
%
r/ ALG 1SS o0ds" Cr
589.8 44 A 6ol 1l ,
[ 4 .
104.0 /4 Continved

20
159-5 % STRAIN AT FAILURE
10



OFFICE REPORT 4ON SOIL EXPLORATION

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS~ ONTARIO

ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE -~ SOIL MECHANICS SECTION

WP _40-66-13 & 14

LOCATION

RECORD OF BOREHOLE

Co-ords. 15,606,830 N;

N¢ 7 Continued
1,260,937 E.

ORIGINATED BY RJS.. .

DIST__2 HWY 402 BORING DATE _ rebruary 19, 1976 COMPILED BY
DATUM Geodetic BOREHOLE TYPE Hollow Stem Auper CHECKED BY :
e JOYNAMIC CONE PENETRATION LIQUID LIMIT ——W, et
SOIL PROFILE SAMPLES | & | tance hiot bAe it — | E
6l & al = 20 40 60 80 160 JWATER CONTENT—W | Z 5
ELEV slw|w |31 2 [SHEAR STRENGTH We  woow 2 | REMARKS
BEPTH DESCRIPTION =“lE | > | 2] 8 ]o unconemed + FIELD VANE y
121" 101 & |eouck TRiaxial  x 1aB vane | WATER CONTENT % o
686.8 | continued b Z | epy 10 20 30 GR SA S} CL
] .
10401 clayey silt W resstiader 0 0 18019
’ ,
Very Stiff to Hard |/,
%
|y 680 "
677.8 1 Ty TTTIAs” G
116.0| End of Borehole

20 '
15 0-5 % STRAIN AT FAJLURE
-




OFFICE REPORT ON SO EXPLORATION

MINISTRY OFf TRANSPORTATION AND COMMUNICATIONS~ONTARIO

ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE ~ SOIL MECHANICS. SECTION

RECORD OF BOREHOLE N2 8

wp  40-66-13 & 14 LOCATION Co-ords, 15,606,839 N; 1,260,843 E. ORIGINATED BY.RIS .
OISt 2 Hwy _402  BORING DATE  ¥Pebruary 16, 1976 COMPILED BY K
DATUM Geodetie BOREHOLE TYPE Hollow Stem Auger & Cone Test CHECKED BY .
AMP & JCYNAMIC CONE PENETRATION LIQUID LIMIT ¥y =
SOIL PROFILE SAMPLES B lRsTance pior R e—",
ol « i 7o do 6o do 100 | WATER CONTENT.W | Z 5
ELEV alw| w |3} ¢ [SHEAR STRENGTH wp w W 2 | REMARKS
, e W —
e DESCRIPTION 2l - | £ é O UNCONFINED + FIELD VANE y
DEPTH Sl 21 7] § |e quck tRiaxiat x 148 vane | WATER CONTENT % ”
794.0 | Ground Level » Z L ELEV GR SA 51 CL
0.0 Silt, some clayey "-%* \ '
silt layers. : 79
i 1ss | 29 \\M
Compact to Very Demse AT _ e —— ]
3 185 | 35 =
782:0 lzcllg"l
12.0 Clayey Silt 4, 58 16 780
176.8 Stiff 5 &5 12
18.0 | Fine sand, some silt| -
’ . Y
Dense to Very Dense |- 770
L L7 1 ss [100d49n
766.0 Yy
28.1 | Clayey Silt
, 8§ |.s8s |18
Very Stiff
X al
Fine sand, some silt 2188173
fith silt pockets. n 107158 61
750
Vo ss ig
Compact to Very Demse| -
« 12 |88 | 59
L 740
ha lss Isa
730
728.0 oy
66.0 | Clayey silt Pe
b
Ty
722.5 | Very Stiff Ja Tss 190
71.5 End of Borehole
1

20 : '
1545 % STRAIN AT FAILURE
-




OF FICE REPORT ON SOiL EXPLORATION

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS—~ONTARIO

ENGINEERING SERVICES BRANCH - GEOTECHNICAL OFFICE - 5SOIL MECHANICS SECTION

40-66~13 & 14

RECORD OF BOREHOLE

1,260,935 E.

Ne ¢

wP LOCATION Co-ords. 13.606,874 N; ORIGINATED BY BIS__
oISt 2 Hwy 402 BORING DATE _ February 18, 1976 COMPILED BY K
DATUM __Geodetic BOREHOLE TYPE Hollow Stem Auper & Cone Test CHECKED BY :
% IDYNAMIC CONE PENETRATION LIQUID LIMIT =
SOIL PROFILE SAMPLES E [RsErance hior hashc T —w | = E
51 « al 3 2o o co do b0 IWATER CONTENT..wW | Z 5 '
ELEV ajw!lw | 31 ¢ [ISHEAR STRENGTH we w Wy Z | REMARKS
SEPTH DESCRIPTION SUE ! > [ €] @ |© UNCONFINED ¥ FIELD VANE y
e el 217 7] & |eouick TriaxaL  x 1A vang | WATER CONTENT % o,
793.7 | _ Ground Level » Z | Epy Jorsa s cl
0.0 Silt, some clayey silp ";’
790
layers 3§85 3 [
| 160
2.1 58S 1107
' {Loose to Very Dense ]
781.7 851k
12.0 Clayey Silt 4 sg 1 131 780
; s5 1,12
775.7 Stiff e
18.0 [Fine sand, some silt | *
Lol 6 |88 | 59
Dense to Very Dense ' 770
766.7. -7 1ss |45
27.0 | Clayey Silt %
LA
760, | Very Stiff § 185 .20
33.0 ", 760
Fine sand, some silt| - 88.1.26
with silt pockete |.°.[ 3ol sz | 55
. 750
lalss |22
Compact to Very Danse'. .
" li2i8s | 59
740
.13 18s [ 69
731.7 L
62,0 | Clayey 3ilt g A1 730
127.2 Hard AL 14 LSS . | 49 :
66,51 End of Borehole

20
150-5 Y% STRAIN AT FAILURE
10




Of FICE REPORT ON SOIL EXPLORATION

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS-ONTARIO

ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION

40-66=13814

RECORD OF BCREHOLE

Ne 10

WP LOCATION Co-ords. 15,606,894 N; 1,260,788 E. ORIGINATED BY _m&_“__*_
pist __2 HWY __ 402 BORING DATE __ yebruary 17, 1976 COMPILED BY MK
DATUM Geodetic BOREHOLE Type Hollow Stem Auger & Cone Test CHECKED BY :
= JDYNAMIC CONE PENETRATION LIQUID LIMIT oWy P
501l PROFILE SAMPLES £ |esisrance vior LASTIC TMIT e | =
6] o o 2040 60 80 100 JWATER CONTENT...W | Z &
ELEV alu|w 3| g [SHEAR STRENGTH we w Wy 3 | REMARKS
SEPTH DESCRIPTION {2 > | €] g |© UNCONRNED + FIELD VANE y
© 2| ™ |71 & |eouck TRaxaL  x 1aB vANE | WATER CONTENT % o
794.0 Ground Level I ER Y 10 20 30 GR SA 51 CL
0.0 si1r, some clayey e A
silt layers. 5 3 790
‘MMM
58 f1 q
282.0 Looge to Very Dense o s - ﬂloolm o 0 5983 2
12.0 | Clayey $ilt : § { PEEETIRIETY RSN oy
476.0 | Very STiff 1 88 133
18.0 =
Fine Sand L TET
Some Silt -
o 770
Pense to Very Dense ., 85,1112 : P 089 (11)
166.0 -
28,0 | Clayey Silt " //
O
761 0 | Very Stiff q 85122 :
33.0 | Fine Sand, trace of , * 760
silt with silt pockets 58 127
y52.5 | Compact to Dense PR STRETET i 838208
41.5 End of Borehole

20
1545 % STRAIN AT FAILURE
10




Oct 75, FF-5-22

UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
CLAY & SILT Fine | Medium | Coorse Fine | Coorse
100 MINISTRY SIEVE DESIGNATION 270 200 140 100 6050 ‘}:'1 20 15 108 s WYl 2"21’2"3;;
90 0
g0 20
70 a0
o w 2
2 1 Z
4 =
X w
W 50 50
& LEGEND L
< BH |SAMPLE SYMBOL G
o a0 . 50 1w
30 ""(<’ 70
o‘ﬁ.
20 <<>§‘<, 80
10 2 90
' . 100
° PHHIH | | | [HR! RN |
b s 8 338 - « ®m e ow 0.1 0.5 1.0 2 3 45 10 20 30 40 506070
< (=] < L=~ < < <Q Qo .
GRAIN SIZE N MILLIMETERS
o Ministry of ‘ FIG No 1
Mnstyot GRAIN SIZE DISTRIBUTION
p Communications FINE SAND, SOME SILT WP 40-66-13 & 14
ENGINEERING SERVICES BRANCH _ {UPPER & LOWER LAYERS)




FF-A-24{a} [Rev. Jan 73}

ABBREVIATIONS & SYMBOLS USED IN THIS REPORT

PENETRATION RESISTANCE

‘N« STANDARD PENETRATION RESISTANGCE ~ THE NUMBER OF BLOWS REQUIHED‘ TO ADVANCE A STANDARD SPLIT SPOON SAMPLER
12 INCHES INTO THE SUBSOIL, DRIVEN BY MEANS OF A 140 POUND HAMMER FALLING FREELY A DISTANCE OF 30 INCHES.

DYNAMIC PENETRATION RESISTANCE : - THE NUMBER OF BLOWS REQUIRED TO ADVANCE A 2 INCHM, &0 DEGREE CONE, FITTED
TO THME END OF DRILL RODS, 12 INCHES INTO THE SUBS0IL, THE DRIVING ENERGY BEING 350 FOOT POUNDS PER BLOW,

- DESCRIPTION OF SOIL

THE CONSISTENCY OF COHESIVE SOILS AND THE RELATIVE DENSITY OR DENSENESS OF COHMESIONLESS SOILS ARE DESCRIBED
IN THE FOLLOWING TERMS : -

CONSISTENCY ¢ LB/SQ FT DENSENESS N BLOWS / FT.
VERY SOFT 0 - 250 ‘ VERY LOOSE Y I
SOFT 250 ~ 500 ) LOOSE 4 - {0
FIRM 500 « 1000 COMPACT 10 - 30
STIFF 00 = 2000 DENSE 30 - 850
VERY STIFF 2000 - 4000 VERY DENSE > 80
HARD - 4000

TERMS TO BE USED IN DESCRIBING S0ILS:-
TRACE < 10% , SOME 10—-25% , WITH 25<4C% = 40 % S|LTY.’ SANDY, GRAVELLY, CLAYEY ETC.

TYPE OF SAMPLE

8.5 $PLIT SPOON T.W.  THINWALL OPEN

Ww.S WASHED SANMPLE T.®  THINWALL PISTON
S.T SLOTTED TUBE SAMPLE 0.5 OQESTERBERG SAMPLE
AS AUGER SAMPLE F.S FOIL. SAMPLE

cs CHUNK SAMPLE REC.  ROCK CORE

PN,  SAMPLE ADVANCED MYDRAULICALLY
PM. SAMPLE ADVANCED MANUALLY

SOIL TESTS

U UNCONFINED COMPRESSION L.v'. LABORATORY VANE
VU UNCONSOLIDATED UNDRAINED TRIANIAL FV. FIELD VANE

€U CONSOLIDATED lSOTRf)FOC UNDRAINED TRIAXIAL o CONSOLIDATION
(1] ", - DRAINED u 8 SENSITIVITY

CAu " ANISOTROPIC UNDRAINED  «

"¢AD " " DRAINED o



FF-A-24(b) {Rev. Jen 73}

=

o

Sy

" ABBRCVIATIONS 8 SYMBOLS USED IN THIS REPORT

SOIL PROPERTIES

URIY WEIGHT OF SOIL (BULX DENSITY)
UNIT WEIGHT OF SOLID PARTICLES

UNIT WEIGHT OF WATER

UNIT DRY WEIGHT OF 801 (ORY DENSITY)
UNIT WEIGHT OF SUBMERGED SOIL

SPECIFIC GRAVITY OF SOLID PARTICLES G »

vOID RATIO

POROSITY

WATER CONTENT
DEGREE OF SATURATION
LIQUID LIMIT

FLASTIC LiMiT
PLASTICITY INDEX

SHRINKAGE LIMIY
w

LIQUIDITY INDEX = LB

Ie

CONSISTENCY INDEX = —'!l-'-_-m
P

VOID RATIO IN LOOSEST STATE

VOID RATIO IN DENSEST STATE

e

DENSITY INDEX » STex =€

€ max ™~ €min
RELAT(VE DENSITY {}, 1S ALSO USED
HYDRAULIS HEAD OR POTENTIAL

RATE OF DISCHARGE
VELOCITY OF FLOW
HYDRAULIC GRADIENT

COEFFICIENT OF PERMEABILITY
SEEPAGE FORCE PER UNIT VOLUME

AT

COEFFICIENT OF VOLUME CHANGE =
, (i+e)do
COEFFICIENT OF CONSOLIDATION

COMPRESSION INDEX » ~——as

Ae

Dlog

TIME FACTOR « %“J—- {d,

DEGREE OF CONSOLIDATION
SHEAR STRENGTH

EFFECTIVE COHESION
INTERCEPT

EFFECTIVE ANGLE OF
SHEARING RESISTANCE,
OR FRICTION

APPARENT COMESION

APPARENT ANGLE OF
SHEARING RESISTANCE,
OR FRICTION

COEFFICIENT OF FRICTION
SENSITIVITY

DRAINAGE PATH )

IN TERMS OF
EFFECTIVE STRESS

Tys &+ O tan ¢

N TERMS OF
TOTAL STRESS

Ty=Cy+ O lan ¢

X
%

T
e

GENERAL

3 1416
BASE OF NATURAL LOGARITHMS 2.718%

log,o or ina NATURAL LOGARITHM OF &
10g o OR 10g ¢ LOGARITHM OF g 1O BASE 10

nMEg<ca

S XOmMey m 4 qQqc

zor o

o

TIME

AGCELERATION DUE YO GRAVITY
VOLUME

WEIGHT

MOMENT

FACTOR OF SAFETY

STRESS AND STRAIN

PORE PRESSURE

NOHMAL STRESS

NORMAL EFFECTIVE STRESS (0 1S ALSO USED )
SHEAR STRESS

LINEAR STRAIN

SHEAR STHAIN

POISSON'S RATIO { QL 1S ALSO USED)

MODULUS OF LINEAR DEFORMATION { YOUNGS MODULUS )
MODULUS OF SHEAR DEFORMATION

MODULUS OF COMPRESSIBILITY

COEFFICIENT OF VISCOBITY

ARTH PRESSURE

—

DISTANCE FROM TOP OF WALL TO POINT OF APPLICATION
OF PRESSURE

ANGLE OF WALL FRICTION

DIMENSIONLESS COEFFICIENT TO BE USED WITH VARIOUS
SUFFIXES IN EXFRESSIONS REFERRING TO NORMAL STRESS
ON WALLS

COEFFICIENT OF EARTH PRESSURE AT REST

FOUNDATIONS

BREADTH OF FOUNDATION
LENGTH OF FOUNDATION
DEPTH OF FOUNDATION BENEATH GROUND

DIMENSIONLESS GCOEFFICIENT USED WITH A SUFFIX APPLYING
TO SPECIFIC GRAVITY, DEPTH AND COHESION ETC. (N THE
FORMULA FOR BEARING CAPACITY

MODULUS OF BUBGRADE REACTION

SLOPES

VERTICAL HEIGHT OF SLOPE
DEPTH BELOW TOE OF SLOPE TO MARD STRATUM
ANGLE OF SLOPE TO HORIZONTAL



$_7 _&5

§ PECPOSED

T SCRVICE ®D

CHR

ST URINE SANO "“ME m ‘eof
L WITH S1T POCKETS 51f-

& :
T HMOT P00 00 FRDF SERVICE ?9

Y THDT BT 45 G TIRE A
15,606,816.90% ; 1,260,899.32

0

Fi ?Of INGS

To Hwy 01—

. 4
?formx#rov Dense T 740
mwmy;/t/x’ e 77 572 5 7, s 730 e
C[AYEY S!LT Hard
720 | i 720 SOHOT 30400 Oﬂf i MR of N Track o4
SHOT 303740 ¢ 14@;- TNE A
210 Rrs C{AYEY St 710 ~5808,732- 39N ; RW
¥ V Sn!i to Hard \\ / (/
o0 200 [ LEGEND
o
3,
he) £ Bore Hole
90 690 S \Q_ﬂgr L 2
R T, “@' Dynamie. Cone Penerrotion Resisrance Test
630 &80 ¥ B/F CONE - Blows 1. Cone Test [35C i1 bs wnergy/biowi
‘G‘ Bore Hole & Cone Test
670 s70 i
4 0 ¢ y 89FY X Waorer levels estobiished ot time
A "A M of tield investigoton. Feb 1974
680 860 {
240 340 CO-CROMATES E
NO. JELEVATIONT | S cact
830 S PR
0 8 & 4 2 830 1 794.3  [15606.624 | 1,261,084
420 b4 Ed * hd g o '? : FROP GRADE HWY 402 520 2 793.5 15606638 | 1.260,960
. ] 820 829 : 3 794.1 115,606,678 { 1,261,024
| . ; | I A 4 7946 [156066,692 | 1,260,901
810 { FRoROSED g0 810 § rroros = 80
| SERVICE RD P seatice R 4 5 794.3 15,406,776 | 1,260,994
1 8co : ; = 800 & 7927 115,606,778 | 1,260,376
aF CONE t : i 4 4 ’
¥ ; .
T TR . TN " 7 793.8 115606230 | 1,260,937 |
[ b
SOME CLavEY °0 8 794.0 15,608,839 | 1,260,643 !
; : 7 74 Ve ‘
.z‘{:;{;’v Qr 7 5 750 780 g 793.7 15,606,874 1 1,260,935 i
? i FLNr SANDa : 10 794.0 15606894 | 1,260,788 |
i I A - SOME_SAT . Dense teVDense 770 : 77¢ i
LT T 3 “ “ 71 .'JZ.R... P |
TY I ?Dir- Ge ‘
v e P L U\ Y ‘—14‘4
PO Y S aEs 760 760 760 — NOTE —
e ‘”[Tsﬁfgg OF The boundories betwean soll sizatc hove bsen sstoblished anly ot
750 ] 750 750 50 fiare Hole locotions. Between Bors Holes the boundaries ara assyried
FEE:E?H%\II%JOME SHT fram gealagicol evidencs .
74 740
740 ;\’.ompac? to V¥ Dense 0 740
730 AN 730 730 730 .
7 o ! %
720 CUAVEY SiCY 20 720 E 720 5
W ShHff i > mmm——
70 714G i 710 §f 0ard §ow TEiLa T On
700 el 700 760 700
MituiSTRY OF TRANSPORTATION AND COMMUNICATIONS- GMMEO
490 690 &90 590 ENGRIEERING SERACES SARCH - GEOTECHA AL DFFICE - 00 MECANGS SECHD!
a0 o a e CANADIAN NATIONAL RAILWAY
- - {5.8 Miles Wast of Hwy 2]
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CUNURQ Overhead E.BILI & W-B'L.
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W.P.s 40-66-19/20 |
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' other foundation reports prepared by or for the Ministry in
connection with the above mentioned projects.




EXPLANATION OF TERMS USED IN REPORT

BRI . ON" VALUE: AN IMDICATOR OF SUNSOIL QUALITY, IT IS OBTAINED FROM THE STANDARD PENETRATION TEST (CSA STD. AL19.1), SFT 'N' VALUE IS THE NUMBER OF BLOWS
o REQUIRED 10 CAUSE A STANDARD 2 INCH 0.0, S$PLIT-BARREL SAMFLER TO PENETRATE 12 INCHES INtO UNDISTURBED CROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER
Yot WETGHING 14D POUNDS, FALLING FREELY A DISTANCE OF 30 INCHES. POR PEMETRATIONS OF LESS THAN 17 INCHES 'N' VALUES ARE INDICATED AS THE NUMBER OF BLOMS

v o FOR THE FENETRATION ACKIEVED. 'N' VALUES CORRECTED FOR OVERBURDEN PRESSURE ARE DENOTED THUS N,

m@gxg GONE PENETRATION TEST ggsa SID, AL19,.3)¢  COMTINUOUS PENETRATION OF A CONICAL STREL PUINT (2" 0.D. 60 CONE ANGLE) DRIVEN BY 350 FI-LB IMPACTS
ON 'A' SiZE gm.x. RODS. THE RESISTANCE TO CONE FENETRATION 15 MEASURED A5 THE NUMBER OF BLOWS FOR EACH 12 INCH ADVANCE OF THE CONICAL PDINT INTO THE
UNDISTURBED GROUHD. )

TLe 0 - pOYL QUALITY: SOTLS ARE DESCRIBED BY THEIR COMPOSITION AND COMSISTENCY OR DENSITY.
CONSISYENCY: COHESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH AS FOLLOWS:

‘ _ L Sesny | o-250 | 250 500 [500 - 2000 2000 - 2000]2000 - 4000] > 4000
Ca . . )  VERY SoFr SOFT FIRM STIFF VERY SIIFF HARD

DENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIE OF SPT 'S' VALUES AS FOLLOWS:

18 owrn] 0.3 1 510 0-30 | 30-% | =50
VERY LOOSE |  LOOSE COMPACT DENSE _|very pemss

BOCK QUALITY: ROCKS ARE DESCRIBED BY THEIR COMPOSITION AND STRUGTURAL FEATURES AND/OR STRENGTH.
RECOVERY: SUM OF ALL RECOVERED ROCK CORE PIEGES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH BRILLED IN THAT CORING KUN.’

WODIFIED RPCOVERY: SUM OF THOSE NATURALLY FRACTURED CORE PIECES, 4"+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN. THE
_ ROCK QUALITY DESIGNATION (RQD), POR MODIFIEE RECOVERY,TS:¢

B

l RQb {2) G - 25 25 - 50 50 - 15 75 « 90 90 ~ 100
S e o VERY FOOR POOR FAIR GORD EXCELLENY
JOINTING AND_BEDDING:
SPACING 2" R 1.3 1 - 10 = 10'
) R JOLNTIRG VERY CLUSE CLOSE MOD. GLOSE WIGE VERY wiDE
v o L . BEDDING VERY THIN | THIN MEDTUM THICK  |VERY THICK

ABBREVIATIONS & SYMBOLS

LABORATORY TESTING FIELD SAMPLING EARTH PRESSURE TERMS

s TRIAXTAL TESTS ANE DESCRIBED IN TERMS OF WHETHER $5  SPLIT SPOON " COLFFICTENT OF FRICTION
THEY ARE CONSOLIDATED (C) UR ¥OT (U WS WASH SaMPLE N ASCLE OF VAL FRICTION
ISOTROPICALLY (I) OR NOT (A) § T SLOTTED TUBE SAMPLE ,
. AD SHEARED DHAINED {D) OR UNDRAINED (U) BS  BLOCK SAMPLE ¥, COEFFICIENT OF EARTH PRESSURE AT RESY
WITH PORE PRESSURE HEASUREMENTS (BAR OVER STMBOLS) €S  CHUNK SavrLe K COEFFICIENT OF ACTTVE EARTH PRESSURE
. €10 '
T0 « CONSOLIDATED 1SOTHOPIC UNDRAINED TV THINVALL OPEN N COEFFICIENT OF PASSIVE EARTH PRUSSURE
TRIAXIAL WITH PORE PRESSURE MEASUREMENT TP CTUIWALL PISTON : » A7
UNLESS OTHERWYSE SPECIPIED IN. REPORT ALL TESTS 0S OSTERBERG SAMPLE 1 ANGLE OF INCLINATION OF SURCHARGE
ARE IN COMPRESSION F§ FOIL SAMPLE w SLOPE ANGLE<BACKFACE OF m.Lg;.r :
’ ' RC ROCK CORE - B AMGLE OF s10PE B
PR PH T.W. ADVANCED HYDRAVLICALLY
PH TN, ADVASCED HAVUALLY Nyo8 )N, BEARING CAPACITY FACTORS
B DEPTH OF FOOTTHG
: B FOUTING DIMENSIONS
INDEX PROPERTIES STRENGTH PARAMETERS
Y UNIT WEICHT OF SOIL (BULK DENEITY) o ANOLE OF SHEARTNC RESTSTANCE /
¥,  UNIT WEIGH OF WATER tg PEAK SHEAR STRENGTH
Y,  UNIT DRY WEIGHT OF SOIL (DRY DERSITY) T RESIDUAL SHEAR STRENCTH HYDRAULIC_TERMS
Y UMIT WEIGKY OF SUBMERGED SOfL c COMESION INTERCER? '
G,  SPECIFIC GRAVITY OF $SOLIDS O 737 SORMAL PRINCIPAL stasssEs b MYDRAULIC HEAD OR POTENTIAL
Gk
e VOIDS RATIO u PORE WATER PRESSURE 4 RATE OF DISCHAN
. INITIAL VOIDS RATIO u, FXCESS u v VELOCITY OF
%, ® 1N LOOSEST STATE h o roms PRESSURE RATIO 4 HYDRAULIC GRADIENT
3 FORCE PER UNIT VOLUME
%14 © I DENSUST STATE a UNCONFINED COMPRESSIVE STRENGTH 3 SEERAGE
Wy = * GEFFICLENT OF VISCOSITY
D, RELATIVE DENSITY w ool s, UNDRAIED SHEAR STRENGYH v OO
OF WYDRAULIG CONDUCTIVITY
n  POROSITY . LINEAR STRATN % COEFFICIENT ’
g DIRECTION
W  WATER CONTENT y SHEAR STRALN ¥, k IN NORIZONTAL DIRECT
, IRECTION
. v, LIQUID L1MIT v POISSON'S RATIO k, K I VERTICAL D
i : OF VOLUME CHANGE
v,  PLASTTC LIMIT MODULUS OF ELASTICITY = . CORFFICIENT

E
COEYEPICY OF CUNSULIDATION
vg SHRINKAGE LIMLT el HODULUS OF SHEAR DEFORMATION Sy BT
k

, ) o
PLASTICITY TADEK = W« %p NODULYS OF SUBGRADE REACTION €, COMPRESSION b

€. RECOMPRESSION INDEX

LIQUIDTEY 10EK = ST B STABILITY COEPPICIENTS ¥ _

CONSISTINGY m'm;: - .:LT-;:. : AB PORK PRESSURE COEPFICTENTS & ° DRAINAGE PATH DISTANCE

acrviry « e ‘ ¥otE: srvecrive smass sasaners o T, TG mCIR

ORGANIC MATTER CONTENT ' ABOVE THE SYMBOL, THUS: . U DEGREE @r cmqumxoa

DEGREE OF SATURATION : G ALEOF 7 o, OVECOSOLINTION WATIO- (ock)
" Spmtrivery « Sulodutebed], ‘ : LA LEVRCTIVE NODUL STRESS . .0 \

. §, {removlided |
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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

EL 3

INTRODUCTION

' 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 stem augers which were
advanced into the soil without the use of a plug. A split-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 conventional
manner, In this way the disturbance of the s0il 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 stem 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 séts of tracks, runs on a low embankment approﬁimately
three feet above the surrounding 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.

Physiographicaily, 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




E1 )

and consists primarily of silt with some clayey silt in tﬁe 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 éeven 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. 1Its 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'éénsistency 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 frém 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
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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 moisture content ranges from 13 to 19
percent. '

Fine Sand

There are two distinct fine sand lavers, 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 1. 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. o
, e
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P. Stuart, P. Eng. i T 5
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K.G. Selby, P. Eng.
Supervising Engineer

January, 1979
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OFFICE REPORT ON 501 EXPLORATION

P

i

MINISTRY OF TRANSPORTA DN AND COMMUNICATIONS~ONTARIO

,“‘
7
RECORD OF BOREHOLE N@ 1
we 40-66-13 & 14 LOCATION Co-ords. 15,606,624 N3 1,261,084 E, - ORIGINATED By _PJS
pIsT_ .2 Hwy 402 BORING DATE __ February 23, 1976 COMPILED BY MK
DATUM ___ Geodetic BOREHOLE TYPE Hollow Stem Auger & Cone Test CHECKED BY :
m DYNAMIC CONE PENETRATION LIGUID LIMIT  wmeesWy |
SOIL PROFILE SAMPLES o R s VT m—" -
o « w| 3 [_2o 4o do_do b0 | WATER CONTENT.W | Zi5
ELEV aflw | w | 3] @ [SHEAR STRENGTH _ wp w Wi {7 F | REMARKS
BEFTH DESCRIPTION 2 IR 3 19 UNCONFINED + FIELD VANE y
’ gl 217 17 ] & |eouck rianar x as vane | WATER CONTENT % v,
794.3!  Ground Level v Z |eLey 10 20 30 GR SA 51 €L
0.0 5ilt, some clayey "‘!'
1 S :
gilt layers S 790
NI KY) 1 o |
3 185 |41 o) 0 2 84 14
Compact to Dense A 8 57
""'ln-...‘“-
15.0 16155 L 61 106/6" o 0 85 (15)
*Y|Fine sand, some silt |
A7 1 88 38
Dense to Very Dense .. 170
767.8 ‘4 8 S8 1,49
26.5] End of Borehole

20
1565 % STRAIN AT FAILURE . :
10




"OFFICE REPORY .ON SOOIl EXPLORATION
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MINISTRY OF TRANSPORT/ ON AND COMMUNICATIONS=ONTARIO

RECORD OF BOREHOLE N2 2

Co-ords. 15,606,638 N; 1,260,960 E.

wp_ 40-66-13 & 14 LOCATION ORIGINATED BY BJS |
DIST 2 HWY _402 BORING DATE  ¥ebruary 23, 1976 COMPILED BY §g~
DATUM Geodet ic BOREMOLE TYPE Hollow Stem Auger & Cone Test CHECKED BY %@uﬂ;
iL PROFI AMP & JDYNAMIC CONE PENETRATION LIQUID LIMIT ¥y o
SOl PROFILE > LES “;" RESISTANCE PLOT PLASTIC LIMIT o Wp ’_-_-6
ol « e 20_do__ do _do 180 | WATER CONTENT—.W | Z 5
ELEV glwiw | 21 g [SHEAR STRENGTH wp W W, 2 | REMARKS
. | e |
SEPTH DESCRIPTION “lE > 1 g § © UNCONFINED + FIELD VANE . _ y
@l 217 |7 & |eouck triaval x as vane | WATER CONTENT % 9
793.5| Cround Level % Z leev 10 20 130 or sA 81 CL
0.0 Silt, some clayey -
’ 790 I
ilt 1 :
® ayers 1 55 1730 |
ww:j
55 | 31 —t o
Denge
778.5 8s | 47} 780
. i 85 110047"
15.0 Fine sand, some silt |
eSS o 0 78 (22)
Very Dense : . 770
767.0 -fe [ ss 178
26.5| End of Borehole

20
1565 % STRAIN AT FAILURE
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CEFICE REPORT ON SO EXPLORATION

im

MINISTRY OF TRANSPORTZ DN AND COMMUNICATIONS-ONTARIQ .

-

RECORD OF BOREHOLE N2 3

WP 40-66~13 & 14 LOCATION Co-ords. 15,606,678 N; 1,261,024 E. ORIGINATED BY BJS_ |
DIsyY 2 HWY 402 BORING DATE _ February 24, 1976 COMPILED BY MK
DATUM Geodetic - BOREHOLE TYPE Hollow Stem Auger & Cone Test CHECKED BY :
, = |DYNAMIC CONE PENETRATION LIQUID LIMIT e, =
SOIL PROFILE SAMPLES & RESISTANCE PLOT PLASTIC LIMIT wo ] = 8':)
o] « a3 2o do 8o €0 180 | WATER CONTENTw | Z 5
ELEV afwiw 31 g [SHEAR STRENGTH: wp w W 2 | REMARKS
SEFTH DESCRIPTION K12l - | & 3 ]o unconriNeD + FIELD VANE y
@l 2|7 171 & [eouck TRaxa x 1aB vane | WATER CONTENT % %
794.1 | Ground Level o £ | ELEV GR SA 51 CL
0.0 $ilt, some clayey 'L
790
ilt la
-] yers 158 5 C
.
2 188 | 21 R
Loose to Dense 3 185 [ 20 ﬁL\
779.1 4...88 1.33] a0 W
15.0 .15 185 | 81
Fine sand, some silt | r—tzz—traelgn
Compact to Very Dense| . L. 7.1 88 1 13} 74g
ChETEsT
763.1 "
31.0 | Clayey Silt
’ 91551831 ;4
Very Stiff to Hard 10| 88 | 30
753.1
41.0
Fine sand,some sile |, .85 .73 750
with silt pockers |. '|.32..85 .. 60
NI
Very Dense . 740
14 ] 88 61
732.1
42.0 | Clayey silt 730
727.6 Hard 151 ag .7
66.5| End of Borehole

20
15 Q-5 % STRAIN AT FAILURE
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CEFICE REPORT ON SOIL EXPLORATION

10

C MINISTRY OF TRANSPORTZ ON AND COMMUNICATIONS=ONTARIO
10
RECORD OF BOREHOLE N2 4
WP 40-66-13 & 14 LOCATION Co—ords, 15,606,692 N 1,260,901 E, ORIGINATED #Y PJS.
pIST 2 Hwy 402 BORING DATE _ February 25, 1976 COMPILED BY MK
parym Geodetic BOREHOLE TYPE Hollow Stem Auger & Cone Test CHECKED BYm
= IDYNAMIC CONE PENETRATION LIQUID LIMIT Wy e
SOIL PROFILE SAMPLES & [RESISTANCE PlOT PLASTIC LIMIT eWp | = &
61 « o B 20 do _eo do_ b0 ]WATER CONTENT.W | 2
ELEV glw|w | 3| 2 [SHEAR STRENGTH 1w W Wi Z | REMARKS
e DESCRIPTION =] »~ | < O UNCONFINED + FIELD VANE :
DEPTH = 323 - g & QUICK TRIAXIAL X LAB vANE | WATER CONTENT % 14 v,
& .
794.0 Ground Level o Z LeLey 10 20 30 GR SA 51 CL
0,0
Silt, some clayey "¥"
gilt layers 790
1 58 9
784.0 Loose to Dense 2185 1 46 N [« o 7 87 6
: 3 S8 23 i n
10.0| Clayey Silt ¢ T/
3 4 S8 15 Fed
779.0 Very Stiff f’f. 780 o e 1ol
15.0 [Fine sand, some silt |« 2 SS 48 © ’
N R,
Dense to Very Dense | |
L 770
768.0 Gl 25 3
26.0 | Clayey Silt 1
A1 8 |85 | 16 T ]
761.0 Very Stiff
33.0 . 760
e T
Fine sand, some silt{ '
' ‘L0 _}8s | 55 o 034 62 &
with silt pockets L
E 750
CHITT 88 | 2g
Lense to Very Dense L 2 28 L. o 088 (12)
* 740
P £ 88 1. 74
o 730
728.0 oy
66.0 1
. | Uia ss | 87 —
Clayey Silt
A 720
Very S5tiff to
Hard (s Lss 16
A
710
A
//,1’6 S8
700
!
i %
¢ 7 seroug O
690.0 Py, f 74
104.0 |44 20 :
150-5 % STRAIN AT FAILURE Continued
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OFFICE REPORT ON 5040 EXPLORATION

i3

MINISTRY OF TRANSPORT/ DN AND COMMUNICATIONS=ONTARIO

(i
RECORD OF BOREHOLE N2 4 Continved
wp_ 40-66-13 & 14 LOCATION Co-ords, 15,606,692 N3 1,260,901 E, ORIGINATED BY RIS
DIST 2 Hwy 402 BORING DATE _ February 25, 1976 ' COMPILED BY MK
DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger & Cone .Test. CHECKED BY ::%
% FOYNAMIC CONE PENETRATION LIQUID LIMIT W L
SOIL_PROFILE SAMPLES | £ [fesistance pior PLASTIC LIMIT —we | = 5
&l o 20 do_ 60 #0100 {WATER CONTENT_.w | Z G
ELEV : glw | w | 3] 2 [SHEAR STRENGTH we w w F | REMARKS
5EPTH DESCRIPTION 12 -1 g 3 ] o UNCONFINED + FIELD VANE y
SE21 =171 & |eouck reiaxiat x 1ag vane | WATER CONTENT % "
690.0| continued » Z | eLey 10 20 30 GR SA 51 CL
104.0 1
Clayey 8ilc 11
A
4118185 [15076"
Very Stiff to Hard f ’ 680
¥
v’t
LA
] 19 58.[12046"
oq 670
668.5 ‘ A}-20-s8—110046"
125.5 End of Borehole
20
15 &-5 % STRAIN AT FAILURE
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CFFCE REPORY ON 501t EXPLORATION

MINISTRY OF TRANSPORTZ DN AND COMMUNICATIONS—ONTARIO

e
: 12
RECORD OF BOREHOLE N2 5 '
we 40-66-13 & 14 LOCATION Co-ords. 15,606,776 N; 1,260,996 E. ORIGINATED BY .BIS
pIsT__ 2 Hwy 402 BORING DATE  February 20, 1976 COMPILED BY %
DATUM Geodetic HBOREHOLE TYPE Hollow Stem Auger CHECKED BY .
«  [DYNAMIC CONE PENETRATION LIQUID UMIT Wy =
SOfL_PROFILE SAMPLES | & [ResistancE pior PLASTIC LIMIT ¥ | = &
' 61 « nl = 2o 40 80 #0100 WATER CONTENT—.W | Z L
ELEV afw|w | 3] g [SHEAR STRENGTH PSF W ow v 2 1 REMARKS
e DESCRIPTION 1> | 2| 3 jo unconmnep + FIELD VANE ' 1y
DEPTH S| 217 7] & |eouck riaxar x 4B vane | WATER CONTENT % ",
794.3 ) Ground Level “ Z ey ~ 1000 2000 10 20 30 GR SA 51 CL
0.041¢, some clayey «gv
silt layers 790
1 /85 [ 15
2 185 1116
Compact to Very Dense F
782, 3 3 185163 o 0 688 6
12.0| Clayey Silt (i WEE MET 780 P~ ro
776.3 | Very Stiff 3 Td. PR Al ?
. 18.0 -
iFine sand, some sgilt N & 0 77 (23)
- 770
Very Dense . 37188 161
766.3 L
28.0 | Clayey 8ilt |
/ 4/ 8 188 117 PHO—d
761.3 Very Stiff V1
EERY ) L 760
Fine sand, some silt [+ 1 9.18§ 1.72]"
with silt pockets o {55 | 78 o 0 83 (17)
. 750
‘1 lss [ 37
Very Dense LT
iz ss el
. 740
Ralss 87
7328 TSR
61.5 ; End of Borehole
t
{
i
i
i
|
i
i
j
H

20 :
1895 % STRAIN AT FAILURE
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OFf FICE REPORT ON SOIL EXPLORATION

L3

4 MINISTRY OF TRANSPORTZ DN AND COMMUNICATIONS=ONTARIO
RECORD OF BCREHMOLE N2 6
WP 40-66-13 & 14 LOCATION Co-ords. 15,606,778 Ny 1,260,876 E. ORIGINATED By _BJS
oist 2 Hwy 402 " BORING DATE  February 26, 1976 COMPILED BY Kt
DATUM ___ Geodetic BOREHOLE TYPE Hollow Stem Auger CHECKED BYE :
PROFEI AMP o IDYNAMIC CONE PENETRATION LIQUID LIMIT W [
SOIL PROFILE SAMPLES | & [resistance pior PLASTIC LIMIT ——Wp | = 5
51 & vl = 20 Ao so_ do 100 _|WATER CONTENTW | Z i
ELEY afufw |31 8 [SHEAR STRENGTH wp W w Z | REMARKS
BERTE DESCRIPTION sl 2| - | €| 8 ]o unconeneo + FIELD VANE y
2| 2|7 10| & ]eouick Thiaxial x LaB VANE | WATER CONTENT % ”
792.7 | Ground Level - | £ %EV GRSA §t CL
0.0 8ilt, some clayey 790
. silt layers.
' 1 35 110
Compact to Very Dense Z 55 30,
780, 7 3..1.88 52
12,0 Clayey Silt A ss 1] 780
775.7| Very Stiff 4w
17.0 [Fine sand, some silt | - 7871 85 1o0f8"
770.7 | Very Dense “ .
22,0 Clayey Silt Ar T Tss [ 1a] °
765,7 Seiff V ']
27.0 - palss
Fine sand, some sile” °
! " l.a i85 . (100 107‘6?
with silt pockets e e TI60 0"
o sslnie) 75
Dense to Very Dense < I3 €5 73
s L ea] 740
W T
730
726.2 W S T
6.5 | End of Borehole

20
15 ¢-5 % STRAIN AT FAILURE
10
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GEFICE REPORT ON SOIL EXPLORARION

20
1545 % STRAIN AT FAILURE
10

r MINISTRY OF TRANSPORT 2N AND COMMUNICATIONS~ONTARIO
14
RECORD OF BOREHOLE N¢ 7
wp  40-66~13 & 14 LOCATION Co-ords. 15,606,830 N; 1,260,937 E. ORIGINATED BY _PJ3
pisT 2 HWY 402 BORING DATE _ pebruary 19, 1976 ' COMPILED BY "
DATUM Geodetic BORFHOLE TYPE Hollow Stem Auger & Cone Test CHECKED BY;:H?L
3 u o DYNAMIC CONE PENET#ANON LIQUID LIMIT W, [t
SOIL_PROFILE SAMPLES | B |ResistancE pioT PLASTIC LIMIT e | = &
| ol } el 3 20 4o 60 __do_ 100 | WATER CONTENT—.W | Z & _
ELE\) | gly|w 2] g [SHEAR STRENGTH Wp w W, = | REMARKS
S DESCRIPTION slzl = 1€l g o unconrned + FIELD VANE v
D’:'Pm; El 20" 171 & e auck raxial  x 1B vane | WATER CONTENT % v,
793.8  Ground Level I 2 1ELey 10 20 30 GR SA 51 )
0.0 ’Sil;, some clayey i ¥ \
silt layers. ( 790 N
1 &8s 6 L\
S
TS R P o 0 29 2
Loose to Very Dense 130/10]"
781.8 | 3158 L.2b
12.0{  Clayey Silt & 8817321 +s0
' . . 5 188 1717 d 0 0 62 38
775.8 ,‘Stitf to Very Stiff
18'0% Fine Sand TETES Y g 078 (22)
Some Silt i
| ) 770
‘ 7T 130
765.8 i Very Dense :
28.01 Clayey 5ilt
D Very Seiff M8 188 | 21 S
760.8 | ery Stif : 26
33.0 | X - 6
%Fine gand, some silt |’ g .55 8
] T .
' . 110 ) = 091 (9)
?with silt pockets £ ? :
‘. '. 750 e
enge to Very Dense -
il |ss |40
o 740
; .
| sand with |' FEETENT a 26 68 ( 6 )
] %
ravel . :
728____,83 Brave . 730
65.0 | R
1 13, ] 88149
i
!l Clayey $Silt 720
{
i
; 14| 55 . 16
;Very Stiff to Hard 710 b
i
700
) 4 3 Se_lnods” [a
629,83 | 1/ 690 I o P8 D N
V .
104.0 4 7’Continued
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RECORD OF BOREHOLE N2 7 Continved
Wo 40-66-13 & 14 LOCATION Co-ords. 15,606,830 N; 1,260,937 E. ORIGINATED 8Y BJS.
DIST 2 ' HWY 402 BORING DATE _ February 19. 1976 : COMPILED BY _
DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger CHECKED sv:df:
= |DYNAMIC CONE PENETRATION LOUID LUMIT ——m [ =
50iL PROFILE SAMPLES Z [Resistance Fior bATTC T —we | = Z
' Gl e A 7040 60 80 1bo  JWATER CONTENT_w | Z &
ELEV lw|w | 2] @ [SHEAR STRENGTH we w_ oW % | REMARKS
BEFTR DESCRIPTION w2 1 & 2 1o unconpingD + FIELD VANE y
o 323 = & le Quick TRIAXIAL % LAB VANE | WATER CONTENT % ”
689.8 | continued % Z | ELEv w0 2 30 GRSASI CL
104.01  (layey Silt // SR I FOON _ e 0 18019
A .
Very Stiff to Hard //A
LV
)/ 680
677.8 T sS T LITAR! d

116.0 ] End of Borehole

S v r——————— 2 —————— . Soeern

20
189-85 % STRAIN AT FAWLURE
10
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RECORD OF BOREHOLE N2 8

16

WP ____ 40-66-13 & 14 LOCATION Co~ords. 15,606,839 N; 1,260,843 E. ORIGINATED BY .BJS._.__
DIST 2 Hwy _402 BORING DATE _ February 16, 1976 COMPILED BY X
DATUM__Geodetic BOREHOLE TYPE Hollow Stem Auger & Cone Test CHECKED BY :
x  IDYNAMIC CONE PENETRATION LIQUID LIMIT ey s
SOIL_PROFILE SAMPLES 1 & [desistance eior PLASTIC UIMIT | = &
Ol o ol 2 J0_4o do do 0o | WATER CONTENT.W [ Z 5
alwlw 3] 2 [SHEAR STRENGTH: we w Wi = ] REMARKS §
ELEV. DESCRIPTION H1 21 = .g 3 |o unconenep + FIELD VANE 1y
PEPTH N ERS & |e quick TRAXIAL x Lag vane | WATER CONTENT % "
o .
794.0 | Ground Level w Z 1 ELEV GRSA SI CL
0.0 Silt, some clayey "sxr"‘ \
silt layers. 79
Compact to Very Dense <5104 ]
182.0 b - 124/10"
12.0 Clayey Silt A 88116 780
w
776.0 Stiff S5.-12
18.0 | Fine sand, some silt] -’
o Le . lss L3
Dense to Very Demse |- 770
) - Lz L85 {10049"
166.0 Lt
28,0 Clayey Silt
8 185 118
Very Stiff
1500 | e :
Fine sand, some silt | - 3188113
with silt pockets. :10 85.1 61§
' L 750
b lss
Compact to Very Densel :
412 185 1 59
140
3 [ss 83
730
728.0 L
66.0  Clayey silt A
722,85 | Very Stiff /1‘14 TR
71.5 End of Borshole

20 '
159-5 % STRAIN AT FAILURE
0
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RECORD OF BOREHOLE N2 9
oISt 2 HwY 402 BORING DATE _ February 18, 1976 : COMPILED BY 1K
DATUM  Geodetic BORFHOLE TYPE Hollow Stem Auger & Cone Test : CHECKED BY :
s JDYNAMIC CONE PENETRATION LIQUID LIMIT W [
SOIL PROFILE J SAMPIES 1 & [Resisrance plot _JpLAsTic UMt — | = &
5 wl = 20 4060 80 100 WATER CONTENT_W | 25
O W ! i
ELEV E § w | 34 9 [SHEAR STRENGTH Wy w w73 | REMARKS
SEFTH DESCRIPTION sl > | g § O UNCONFINED + FIELD VANE oy
DEPTH & 2150 & | e ouick triaxiaL  x 1AB vAne | WATER CONTENT % %
793.7.1  Ground Level - Z ] ELEY GR SA S| CL
0.0 1511t some clayey silh -
790
layery 11788 3 L
b, 160
2 .85 107
Loose to Very Dense
781.7 . - e
12,0 Clayey 5ilt 4,185 1137 780
il 5 88 112
725.7 Stiff yal
18.0 [Fine sand, some gilt [+
L. L6 [ 88 159
z -
0 Dense to Very Demse | - 770
g 766.7 L2 ss |45
5 27.0| Clayey Silt e L
Y o ,
= 760.7 Very Stiff Y}.8.1.85 1 20
3 ' 33,0 A 760
a Fine sand, some silt| 9 .88
o .
E, with 8ilt pockets 10 55 | 58
= , 32
9] 750
DB falgss,
| .
‘C_)‘ Compact to Very Drmse'. “
“ V12188 1 59
© 740
"oaalss |69
73L.7 -
62.0 | Clayey 5ilt A// ’ 730
127.2 Hard Al 14185 149
: 66.5 | End of Borehole
i
|
!
|
&

, 0
‘ 15 -5 % STRAIN AT FAILLURE
0
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RECORD OF BOREHOLE N2 10

1,260,788 L.

18

wp__40-66-13514 LOCATION Co-ords. 15,606,894 N; ORIGINATED BY BJS...
pisT__ 2 HwWY 402 BORING DATE  penyuapy 17, 1976 COMPILED BY ‘MK
oATUM Geodetic BOREHOLE Typg Hollow Stem Auger & Cone Test CHECKED B8Y *
& JDYNAMIC CONE PENETRATION LIGUID LIMIT W, e
SOIL_PROFILE SAMPLES 1 £ [Resistance rior PLASTIC LMIT —wp | & 5
51 o wl = 2o _do_ o g0 100  JWATER CONTENT..W | 25
ELEV | Elwlw | 3] ¢ [SHEAR STRENGTH W W 2 | REMARKS
——o | DESCRIPTION =12 > | 2] 8 |o unconeneD + FIELD VANE ’
DEPTH < > al ¥
& 2|10 F  |e Quick TRIAXIAL % LAB VANE | WATER CONTENT % o,
794.0 {  Ground Level v Z L ELEV 10 20 30 GR 5A 51 CL
0.0 ig31r, some clayey ;¥"
silt layers. 158 3 790° ]
. [,
(2 185 161 e ——— @
oge to Very Dense Loo/Lo"
782.0 o 4 3 188 1 47 o 0 593 2
12.0 | Clayey S$ilt f A1a 88 1153 98 s
776.0 | Very STiff A S 458 L A3
18.0 )
Fine Sand L FETTE 75
Some Silt L
t. Ly 770
Dense to Very Demse | + LZ.1S8. [112 b 089 (11}
766.0 ‘.
28,0 | Clayey silt WVV )
761 0 | Very Stiff 8822 o]
33.0 | Fine Sand, trace of , ) 760
’ silt with silt pockets | 9. 58 |27
742.5 | Compact to Dense . T o 092 (8)
41.5 End of Borehole

20
15 ¢-5 % STRAIN AT FAILURE
0
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Reference 3

mei®randum ®® ©

Ontario

To: M. Bond Date; 1985 09 18
Head, Geotechnical Section
Southwestern Region

From: Foundation Design Section
Room 315, Central Building

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.

Background

The embankments for the structure approaches were constructed
to subgrade level under Contract 79-5l. Fill material used was a
silty clay. Original ground 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 materiazl in the upper subgrade.
Only removal of this material and complete rebuilding will provide a
one-hundred percent sclution to the problem, however, before this
extreme step is taken another approach shcould 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 'A', A frost free outlet must
be provided for the pipes. 1In 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. ;

K.G. Selby, P. Eng.
Chief Foundations Engineer
7540-1318 (10/78) KGS/tmj (West) .
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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).

Appendix B, Site Photographs, Page 1 of 19
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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, 20186).
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Photograg: Lookg at the north Wig wall and the adjacent sle 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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hotogragh 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 structre fr 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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Photogragh 8 Looklng at the east abutment Wlth 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, 20186).

Appendix B, Site Photographs, Page 8 of 19
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hotograph 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: Lookin 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

WABL 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, 20186).
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