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Presentation Outline

Background — Reuse of Existing Foundations at MTO

Highway 401/Halleck’s Rd
o Introduction
o Subsurface Conditions
o Investigation Procedure
= Pile Extraction
» Visual Examination
» Ultrasonic Testing
» Chemical Analysis and Strength testing
= Soil and Groundwater Analyses
= Geophysical Testing

Discussion
= Corrosion Potential and Pile Section Loss Assessment
= Capacity Assessment

Conclusions
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Ministry of Transportation of Ontario

* 3000 Bridges

* 17000 km of highways

* 5000 Structural Culverts
* Total Asset Value $100 B

* S3B Goods and Services moved
on our highway system daily

Reuse of Existing Foundations Guideline

Management of the MTO aging infrastructure is
one of the most important challenges that the
Ministry faces.

As this infrastructure ages, existing bridges will
need to be rehabilitated or replaced, depending on
the level of deficiency

In many cases, bridges will require superstructure
replacement, while the foundation still has
significant functional value

Reuse of bridge foundations may be a viable
option that can present a significant cost and time
savings in bridge replacement and rehabilitation
efforts
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Aging Bridge Infrastructure

Reuse of Existing Foundations Guideline

The major steps of the decision-making process shall include:

. Preliminary Assessment
. Risk Analysis
. Life Cycle Cost Assessment

. Capacity Assessment

. Environmental

N o o A WN

. Social

. Estimating the remaining service life of the foundation
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Introduction -
Located on Highway 401, west of Brockville
Contract 2021-4089: Structure to be demolished and replaced
Existing foundations NOT to be reused M
Bmckvllle
Corrosion assessment of existing piles included as part of
contract
" & 7 /
s
M Hallecks Road Underpass
- G.W.P. 4076-14-00
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Existing Structure

4 spans, 5 girders

67.3 m long by 10.3 m wide

Built in 1967, last major rehab in 1984
Precast, prestressed AASHTO girders

Steel H piles driven to bedrock; 1.5-7 m deep

New Structure g
2 spans, 4 girders

78 m long by 11.1 m wide; 25% larger

Center pier caissons 3 m drilled into bedrock

Integral abutments: Sand filled corrugated steel pipe
with steel H piles driven to bedrock

Foundations 6-10 m deep
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Subsurface Conditions - Investigation Procedure -
Embankment fill over stiff clay and loose to compact silt
At the north abutment, the silt layer overlies bedrock. At the south abutment a thin layer of glacial till is present Four existing piles to be extracted and assessed: 2 from pier and 2 from abutment
between the base of the silt and the bedrock surface .
) ) . Tests include:
The bedrock consisted of grey to grey-white, fresh to fresh jointed dolostone and sandstone, located 6.6 to 11.9 m
below grade. + Visual inspection and ultrasonic thickness measurement
The bedrock surface dips from the Elev. 85m at the north abutment to the Elev. 80m at the south abutment. . Chemical analysis and tensile testing of steel
Groundwater level generally is at the Elev. 86m. - Soil and groundwater aggressivity testing
e | 5 REEE g + Geophysical methods to assess pile length (addendum)
i T Borehole Magnetometer and Parallel Seismic methods
i -
SECTION £-F (§ FALLFOKS_ROAD)
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Pile Extraction & Assessment Pile Extraction & Assessment

Sections of Extracted Piles Bitumen Coating Pier Pile C2 — minimal evidence of corrosion (Pile C1 similar)
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Pile Extraction & Assessment

Abutment Pile A1
- corrosion and scale on flange (bottom 300 mm)

Abutment Pile A1
- no evidence of corrosion on web

Pile Extraction & Assessment

Abutment Pile A2
- corrosion near bottom of pile

Abutment Pile A2
- heavy corrosion near bottom (left), coating at right

A ——
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Soil and Groundwater Analyses

2 BHs advanced with monitoring wells installed, and soil and groundwater samples were retrieved.

Soil samples collected from each borehole were combined to create a composite sample,
i.e. S1 from BH1 and S2 from BH2

Soil and Groundwater Chemical Testing

Parameter Soil Sample 1 (S1) Soil Sample 2 (S2)

pH 7.74 7.82
Resistivity 7,400 ohm-cm 4,300 ohm-cm
Chloride Not Detectable Not Detectable
Sulphate Not Detectable 75 uglg
Parameter  Water Sample | (MW1) Water Sample 2 (MW2)
Allalinity 240 mg/L 190 mg/L Moderately to very corrosive
Chlorine Not Detectable Not Detectable

i 10 ot when compared to Eurocode 3
Resisivity 1,500 ohm-cm — Design of Steel Structures —
Sulphide Not Detectable Not Detectable Part 5, Piling, Tables 5 to 7
Chloride 60 mg/L.
Sulphate 100 mg/L 51 mg/lL

Corrosion Potential and Visual Assessment

- Groundwater with chloride level at 520 mg/L indicates moderately corrosive.

+ Chloride and resistivity results indicate that the soil is mildly corrosive, which is in agreement with those of two
soil samples collected at depths from north and south abutments during earlier foundation site investigation and
design stage.

PH content of the soils and groundwater tested indicates non-corrosive (alkaline) and neutral environment.

Visual inspection of the piles extracted from the pier indicates coating is present intermittently over 40-50% of
its surface and little evidence of corrosion is noted along the webs and flanges.

For the south abutment piles, coating is present on much of the piles but heavy corrosion with localized pitting
near the bottom 300mm of the piles is noted.
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Corrosion Potential and Pile Section Loss Assessment - ?
- Average annual section loss is impacted by the presence of a coating

« Attack on the web and flanges would occur from both sides.

-« The corrosion mechanisms for buried piles are not linear, but rather they tend to follow a geometric function
that increases with time.

When discussing corrosion rates, it needs to be understood that these values are averages across specific time
periods that are used to simplify complex corrosion mechanisms to make the comparison easy.

Pile Section Loss

Ultrasonic thickness measurements on cleaned piles

2.1 0.004

Center Pier Pile C1 0.23

Center Pier Pile C2 0.28 2.5 0.005

Abutment Pile A1 0.48 4.4 0.008

Abutment Pile A2 135 124 0.024 e

localized pitting present

The calculated average annual section loss is below the values set in the Guidelines
Eurocode 0.015mm per side of pile
- BS8002 2015 0.015mm per side of pile
Ottawa LRT Specifications  0.015mm per side of pile
CALTRANS 0.025mm per side of pile
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Geophysical Testing

+  Objective: confirm pile length and bearing stratum
- Drilled borehole within 2m of existing pile, extending 5m into bedrock
and grouted casing in place
- Top of bedrock identified at elev. 80.6m

- Previous borehole from design phase identified top of bedrock at
elev. 80.4m

Conducted downhole geophysical testing:
- Borehole Magnetometer Testing
- Signals indicate an anomaly at a depth of 8.5m (elev. 80.5m)

- Parallel Seismic Testing
- Strong response recorded at a depth of 8.5m (elev. 80.5m)

Geophysical testing suggests piles were driven to bedrock

Capacity Assessment

Structural Resistance - factored axial compressive resistance of the 8.0m long 12BP53 piles:
Assuming 230 MPa steel strength (CHBDC 14.7.4.2 based on year of construction)
Resistance factors from 6.11.4.4 and 10.22.2 of the CHBDC
Section loss based on measured section loss from extracted piles (worst case)

Pile Factored Structural
Level of Corrosion o Factored Buctura

Resistance (12BP53)
At this site, design loads
No pile corrosion or section loss 1200 kN/pile were not aVailable to ma.ke a
12.49% section loss due to pile corrosion 1050kNpite direct comparison between
(20233t 56 years of age) the available resistance and
50% section loss due to pile corrosion 600 KN/pile demand loads.

(2058: 35 year service life extension)

Geotechnical Resistance - factored axial compressive resistance:
End-bearing on bedrock
Bedrock unconfined compressive strength (UCS) >200 MPa
Local practice: geotechnical resistance >structural resistance
Empircal methods (Rehman and Broms, 1971, ultimate = 5x UCS), ULS = 3990 kN
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Conclusions

- Piles generally exhibited limited corrosion
- Corrosion was most prevalent in lower portion of piles where coating was not intact
- Severe corrosion was observed in lower 300 to 600 mm of one of the piles (Pile A2)

- Relatively high chloride and low resistivity detected in groundwater could have accelerated the
corrosion process

- The borehole magnetometer testing provided a good indication of the pile length, which in
combination with the borehole data, provided confirmation that the pile had been driven to bedrock

- The estimated section loss (up to 50% within next 35 years) suggest that it would have been difficult
to achieve an acceptable service life for a new superstructure while reusing the existing foundations.
This is based on conservative / worst case section loss scenario

- This project is demonstrative of MTO’s commitment to assess technologies and applications that
support Ministry’s initiative and operational needs and specifically to encourage the reuse of existing
foundations
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