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1. INTRODUCTION

At the request of Associated Engineering (B.C.) Ltd., Thurber has prepared this report
summarizing our draft geotechnical design recommendations for 100% Detailed Design of Mt.
Lehman Underpass, BC Ministry of Transportation and Infrastructure (MoTl) Structure No. 1562
(Bridge) in Abbotsford, B.C. This revision of the report provides recommendations for the
underpass that are based on progress prints of the 100% Detailed Design drawings provided to
us on December 11, 2023 (Current Drawings). Geotechnical recommendations related to the
highway widening below the underpass will be provided in the Highway Grading Report.

It is a condition of this report that Thurber’s performance of its professional services is subject to
the attached Statement of Limitations and Conditions.

1.1 Existing Conditions

The existing underpass is an approximately 77 m long, four-span structure with concrete box
stringers that crosses Highway 1 at about Sta. 2028+70. The general arrangement of the existing
underpass is shown in Figure 1.1 (as-built Dwg. 1562-102-Rev. A dated August 22, 2007) in
Appendix A. The span lengths ranged from 15.8 m to 22.9 m. It was designed and constructed
between about 2004 and 2007 to replace an original bridge that was constructed circa 1959
located to the east. The approximate footing locations of the 1959 bridge are shown in Figure 1.7
in Appendix A.

The existing underpass is supported on conventional spread footings as shown on as-built
drawings presented in Figures 1.1 to 1.3 in Appendix A. According to as-built Dwg.1562-103-
Rev. A dated August 22, 2007 (Figure 2), the abutment footings with a typical width of 1.4 m are
perched on top of the mechanically stabilized earth (MSE) retaining walls which were designed
and supplied by Reinforced Earth Company (RECO). For the piers, the footing width was typically
2.5 m. Based on our interpretation of as-built Dwgs. 1562-101-Rev. A and 1562-103-Rev. A dated
August 22, 2007 (Figures 1.3 and 1.2, respectively), the footing embedment depths are estimated
to be about 1.9 m for Pier 1 and Pier 2 and about 1.6 m for Pier 3.

As-built Dwg. 1562-102-A dated August 22, 2007 (Figure 1.1) and Trow Associates Inc. (Trow)’s
geotechnical report dated September 23, 2004 indicate that the existing underpass was designed
in accordance with the Canadian Highway Bridge Design Code (CHBDC) S6-00. The design
seismic event for the CHBDC S6-00 had a 10% probability of exceedance in 50 years (A475).
Trow’s geotechnical report recommended a peak ground acceleration (PGA) of 0.2g and a site
coefficient of 1.2 corresponding to Soil Profile Type Il for seismic design.

Client:  Associated Engineering (B.C.) Ltd. February 23, 2024
File No.: 32079 Page: 1 of 26
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As-built Dwg. 1562-102-A (Figure 1.1) indicated that a horizontal ground acceleration coefficient
of 0.20 and a soil amplification factor of 1.2 were used to design the existing underpass.

MoTI provided us with RECO’s as-built drawings of the existing MSE walls during the 100%
detailed design phase. RECQO’s as-built drawings are provided in Figures 1.4 to 1.6 in Appendix A.
Figure 1.4 indicates that the existing MSE walls were designed using a PGA of 0.2g.

1.2 Proposed Upgrades

The existing underpass will be widened to the east by about 8.3 m to accommodate a new 3.6 m
wide southbound lane and a new 3.5 m wide multi-use path (MUP) as shown in Figure 1.7 in
Appendix A. In general, the existing pier and abutment footings will be extended to the east to
support the widened section. According to AE, the dimensions of the new pier and abutment
footings will be the same as those for the existing footings to develop a consistent structural
response under static and seismic loading conditions.

At the abutments, placement of about 6.5 m high fill will be required to facilitate the proposed
widening. New MSE walls parallel to the highway alignment will be used to retain the new
abutment fills.

To retrofit the existing piers, AE proposes micropiles be installed between pier columns to provide
axial compressive and tensile resistances under seismic loading conditions. Following the
micropile installation, the opening between the columns will be infilled with concrete. Given that
the new piers will have the same arrangement as the existing piers, micropiles will also be
installed between the new pier columns in a similar manner.

2. SITE CONDITIONS

21 General

Construction History

This section of Highway 1 was constructed in a cut and the original bridge was constructed in the
1960’s. Available historical drawings suggest that the original ground level was about 4 m to 5 m
above the existing highway grades as shown in Figure 2.1. The design embankment slopes were
at inclinations of 2H:1V to 1.5H:1V.

Client:  Associated Engineering (B.C.) Ltd. February 23, 2024
File No.: 32079 Page: 2 of 26
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Historical and Current Investigations

Our design has been based on results from both historical and current investigations. A summary
of relevant historical and current geotechnical investigations completed at or in the proximity of
the existing underpass are provided in Appendix B and summarized below.

= Between 2022 and 2023, a site-specific geotechnical investigation was completed by
Thurber to support detailed design of the proposed widening. The investigated locations
are shown on Dwg. 32079-SEG 2-3 and the results of the investigation are provided in
Appendix B. In summary, the investigation program included the following:

- A cone penetration test (CPT) profile with shear wave velocity measurements to a
depth of 11.9 m and a solid-stem auger test hole to a depth of 18.3 m at SCPT22-
SEG 2-01 (termination due to practical CPT and auger refusal).

- A sonic test hole to a depth of 30.5 m at SH22-SEG 2-01.

- A mud-rotary test hole with SPT measurements and a vibrating wire piezometer
(VWP) to a depth of 30.5 m at MRH22-SEG 2-06.

- Downhole seismic testing (DHST) at MRH22-SEG 2-06.

- A CPT profile to a depth of 15.3 m and a solid-stem auger test hole to a depth of 15.2
m at CPT22-SEG 2-15.

- Three solid-stem auger test holes with dynamic cone penetration test (DCPT) profiles
to a typical depth of 9.1 m at TH22-SEG 2-71, -72 and -73.

= In 1959, four test holes designated TH1 to TH4 were drilled by the Department of
Highways along the original underpass alignment. The test holes were advanced to depths
of about 15 m to 25 m below the original grades in conjunction with standard penetration
test (SPT) measurements.

» |n 1994, two test holes, designated TH94-15 and TH94-16, were drilled by the Ministry of
Transportation and Highways in the close proximity to the original underpass alignment.
The test holes were advanced to a depth of about 15.5 m below the site grade with SPT
measurements.

There were historical geotechnical investigations completed by others near the existing
underpass. However, these investigations were either located further away from the existing
underpass or completed using test pits only. Hence, we have not referred to the results of these
investigations in our current assessment.

Client:  Associated Engineering (B.C.) Ltd. February 23, 2024
File No.: 32079 Page: 3 of 26
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Sacrificial Micropile Testing

A sacrificial micropile testing program was completed near the north abutment of the existing
bridge during the 100% detailed design phase. The intent was to determine the soil-grout bond
resistance for design of micropiles. Details and results of the sacrificial micropile testing are
provided in Section 2.5 below.

2.2 Surficial Geology

Geology Survey of Canada (GSC)’s surficial map 1485A suggests that the site is underlain by
glaciomarine deposits as part of the Fort Langley Formation (FLc). Typically, glaciomarine
deposits comprise stony silt to loamy clay.

2.3 Soil Conditions

In general, the results from the current and historical investigations suggest that the site is
underlain by fill over native silty clay (FLc). From the recent investigation, fill comprising sand and
gravel to gravelly sand was encountered to depths of 0.6 m to 1.4 m below the highway grades.
The fill thickness was about 1.1 m at the north abutment and about 2 m at the south abutment
from the Mt. Lehman Road level. Where SPT or DCPT blow counts were measured, the fill
appeared to be compact to dense.

Below the fill, generally stiff to very stiff silty clay was encountered to the depth investigated in the
current and historical test holes completed along the Bridge alignment. Discontinuous silt layers
were encountered in SH22-SEG 2-01, SCPT22-SEG 2-01 and TH22-SEG 2-73, as well as in the
CPT profiles. The CPT and SCPT results from SCPT22-SEG 2-01 and CPT22-SEG 2-15 suggest
that the silty clay is highly over-consolidated. Locally at MRH22-SEG 2-06, a layer of compact to
dense sand and silt was encountered below the fill to a depth of about 7 m with uncorrected SPT
values greater than 27. Further, lenses of sand and gravel may be present within the silty clay
layer where SCPT22-SEG 2-01 was terminated. An approximately 0.8 m thick layer of organic
clay was encountered at the north abutment (TH22-SEG 2-71) at a depth of about 3.8 m
(El. 94.3 m).

A generalized soil profile along the underpass in the longitudinal direction is shown in
Dwg. 32079-SEG 2-15 in Appendix B.

Client:  Associated Engineering (B.C.) Ltd. February 23, 2024
File No.: 32079 Page: 4 of 26
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24 Groundwater and Surficial Drainage

From the recent investigation, groundwater was encountered at depths of 7.5 m to 9.2 m
(El. 81.3 m to El. 89.9 m) in the open holes of TH22-SEG 2-71 to -73 during drilling. These
measurements may not represent the stabilized groundwater level.

Groundwater levels were monitored at MRH22-SEG 2-06 between August 31, 2022 and
March 22, 2023. Two readings were taken per day during the monitoring period. In general, an
average groundwater depth below the highway grades of about 8 m (El. 83.8 m) was recorded
between September 2022 and mid-October 2022. The average groundwater depth below the
highway grades was about 6 m (El. 85.8 m) between mid-October 2022 and March 2023.

For reference, historical test holes indicate that groundwater was encountered at depths of 1 m
to 2 m or lower from the highway grades. Groundwater levels expected to vary seasonally with
infiltration and surface drainage conditions and groundwater may be perched at the top of the silty
clay layer.

25 Sacrificial Micropile Testing

The sacrificial micropile testing program was carried out by Kani Foundation Technologies Inc.
(Kani) under subcontract to Thurber. Three sacrificial micropiles were installed between July 5
and 7, 2023. They were tested on July 10 and 11, 2023. Prior to initiation of ground disturbance
activities, a BC One Call notification was completed and Western U.T.S. Utility & Technical
Services Ltd. (Western) was retained by Thurber to complete a field utility locate on June 30,
2023. A field engineer from Thurber was on site full-time to coordinate the field work and witness
and log the sacrificial micropile installation and testing.

The test location was situated within the northwest quadrant of the interchange, approximately
120 m west of the piers, as shown in Figure 2.2 in Appendix A. The test location was selected
with approval from MoTI due to ease of construction access. A second test location in the median
beside the pier was also provided for MoTI consideration as an option but it was not selected due
to access challenges and headroom restrictions. TH22-SEG 2-70 was drilled in the vicinity of the
test pile location to confirm that the soil conditions at the test location comprising silty clay are
consistent with soil conditions encountered from test holes completed at the piers. The drill holes
advanced to install the micropiles also encountered silty clay. The general soil conditions at the
test location comprise topsoil, variable fill and soft to firm silty clay to a depth of about 3 m, below
which firm to very stiff silty clay was encountered to the full depth of the anchor holes at the test
site.

Client:  Associated Engineering (B.C.) Ltd. February 23, 2024
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Each micropile comprised a #10 (32 mm nominal diameter) steel threadbar (517 MPa) installed
in a 150 mm diameter cased hole. The bond length for each sacrificial micropile was 5 m in the
native silty clay. Each micropile was installed at various depths below the surface. The sacrificial
piles were loaded in approximately 20 kN increments. Each load increment was held for 1 minute.

The test results and our interpretation are summarized as follows:

» Test pile #1 included 1 m of free length and a bond length between depths of 1 m and
6 m. The test pile was stressed to a maximum load of about 305 kN where slippage was
observed. Our interpreted maximum load on the pile is about 214 kN. Based on the results,
the ultimate (unfactored) bond strength is estimated to be between about 90 kPa and
130 kPa in this zone with variable soil conditions.

o Test pile #2 included 5 m of free length with a bond length between depths of 5 m and
10 m.

» Test pile #3 included 10 m of free length with a bond length between depths of 10 m and
15 m.

» Both test piles were stressed to a maximum load of about 360 kN without observed
slippage. Based on the results, the ultimate (unfactored) bond strength is estimated to be
at least 150 kPa in the very stiff silty clay.

According to Table 20.10 in the 5" Edition Canadian Foundation Engineering Manual
(CFEM), the estimated ultimate load transfers for soil anchors typically range from
30 kN/m to 60 kN/m for stiff to hard silt and clay. Assuming a drill hole diameter of 150 mm,
the corresponding unfactored bond strengths are estimated to be 64 kPa to 127 kPa.
Hence, the ultimate unfactored bond strength of 150 kPa obtained from Test piles #2 and
#3 is in general agreement with the suggested range in the CFEM.

3. ENGINEERING ASSESSMENT AND RECOMMENDATIONS

3.1 General

From a geotechnical perspective, we consider that conventional footings can be used to support
the new pier and abutment footings. Further, the proposed use of micropiles to retrofit the pier
footings is considered feasible. Our recommendations for design of footings and micropiles, as
well as the new MSE walls, are provided in Sections 3.2 to 3.11.

Client:  Associated Engineering (B.C.) Ltd. February 23, 2024
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The MoTI Supplement to S6-19 (Supplement) has been used to design this structure. Two key
differences between the CHBDC S6-19 and the Supplement that affect design considerations for
this bridge are discussed below.

3.1.1 Seismic Geotechnical Resistance Factor

In CHBDC S6-19, Clause 6.14.4.1 allows the use of a seismic geotechnical resistance factor
(GRF) of 1.0 for capacity-protected elements or for performance-based design. However, the
Supplement only allows a seismic GRF equal to the static GRF plus 0.2 unless a sensitivity
analysis is completed. This requirement had some effect on design of shallow foundations and
nominally increased the minimum required bond length for the proposed micropiles.

3.1.2 Rigorous Dynamic Analyses

The height of the proposed MSE walls will be greater than 6 m and the seismic performance
category (SPC) for the underpass is 3. Under these circumstances, Clause 6.14.4.2 in the
Supplement requires the walls to be assessed using rigorous dynamic analysis using finite
element or finite difference methods. To meet this requirement, we have completed dynamic
analyses using Plaxis2D during the 100% detailed design phase. Preliminary details are provided
in Section 3.4.

3.2 Design Criteria

Geotechnical design criteria for new structures in Segments 1 and 2 were documented in
Thurber’s letter dated May 8, 2023 to AE. However, this bridge also includes seismic retrofit of
the existing structure. Hence, we have excerpted key geotechnical design criteria related to new
and retrofitting of the bridge below.

According to AE, the seismic performance criteria for the existing and new structures are
summarized below.

» Service level for the new structure:
o Service disruptions at A2475
o Immediate at A475

» Damage level for the new structure:
o Extensive at A2475
o Minimal at A475

Client:  Associated Engineering (B.C.) Ltd. February 23, 2024
File No.: 32079 Page: 7 of 26
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Service level for the existing structure:
o Life safety at A2475
o Service limited at A475
Damage level for the existing structure:
o Probable replacement at A2475
o Repairable at A475

The following has been assumed in the 100% detailed design:

3.3

3.3.1

Importance Category = Major-Route Bridge (Clause 4.4.2 CHBDC S6-19)

Seismic Performance Category = 3 (Clause 4.4.4 CHBDC S6-19)

Degree of Understanding = Typical (Clause 6.5.3.2 CHBDC S6-19)

Consequence Factor = 1.0 (Table 6.1 CHBDC S6-19)

GRF for bearing resistance of shallow foundations = 0.5 (non-seismic, Table 6.2
CHBDC S6-19)

GRF for bearing resistance of shallow foundations = 0.7 (seismic, Clause 6.14.4.1
Supplement)

GREF for sliding resistance of shallow foundations = 0.8 (frictional, non-seismic, Table 6.2
CHBDC S6-19)

GREF for sliding resistance of shallow foundations = 0.6 (cohesive, non-seismic, Table 6.2
CHBDC S6-19)

GREF for sliding resistance of shallow foundations = 1.0 (frictional, seismic, Clause 6.14.4.1
Supplement)

GRF for sliding resistance of shallow foundations = 0.8 (cohesive, seismic, Clause
6.14.4.1 Supplement)

GRF for passive resistance of shallow foundations = 0.5 (non-seismic, Table 6.2
CHBDC S6-19)

GRF for passive resistance of shallow foundations = 0.7 (seismic, Clause 6.14.4.1
Supplement)

Factor of safety for global stability (permanent) = 1.54 (Table 6.2b Supplement)

Factor of safety for global stability (seismic) = 1.18 (Clause 6.14.4.1 Supplement)

Seismic Design

Seismic Hazard Values

According to the DHST results at MRH22-SEG 2-06, the time-averaged shear wave velocity in
the upper 30 m (Vs30) is about 305 m/s, which is within a Site Class D classification in accordance

Client:
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with Table 4.1 in the CHBDC S6-19. However, according to Table 6.14.8.13 in the Supplement,
routine analysis based on 1D dynamic site response analysis with equivalent linear models using
non-liquefied soil parameters should be carried out for evaluation of liquefaction potential. Hence,
a site-specific response analysis (SSRA) was completed.

The results of the SSRA, including design response spectra, are summarized in Appendix C. For
completeness, the 2020 National Building Code of Canada (NBCC) seismic hazards
corresponding to Site Class D obtained from the Natural Resources Canada (NRC) website are
also provided in Appendix C. In general, the design response spectra are governed by the results
of the SSRA for a period of vibration shorter than about 0.5 seconds. Beyond that, the spectra
generally follow 80% of the Site Class D values in accordance with Clause 4.4.3.1 in the
Supplement.

3.3.2 Liquefaction Potential

The liquefaction potential of the underlying soils was assessed in general accordance with
Clause 6.14.8.1.3 in the Supplement. For the stress-based approach, the soil cyclic resistance
ratio (CRR) profiles were estimated based on methods outlined by Boulanger and Idriss (2014)
using the CPT, SCPT and SPT data from the recent investigation. The cyclic stress ratio (CSR)
profiles were estimated based on the SSRA results. Based on the groundwater monitoring data
at MRH22-SEG 2-06, a groundwater level at a depth of 6 m below the highway grades
(about EI. 86 m) was assumed in the assessment. The liquefaction triggering analyses were
completed using the software programs CLig by Geologismiki and the results are presented in
Appendix D.

The liquefaction potential of the fine-grained soils was also assessed using the plasticity approach
in accordance with the Bray and Sancio (2006) method. Atterberg limit tests were completed on
sixteen selected samples from SCPT22-SEG 2-01, CPT22-SEG 2-15, TH22-SEG 2-71,
TH22-SEG 2-72 and TH22-SEG 2-73. The summary plot is provided in Appendix D.

Our comments on liquefaction potential for the underlying soils under the design A2475 seismic
event are summarized as follows:

= The fill layer is expected to be situated above groundwater. Hence, the liquefaction
potential was not assessed.

*= The native silty clay layer is not expected to experience liquefaction or strain-softening in
A2475 given the plasticity index and over-consolidation.
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» The sand and silt layer encountered locally at MRH22-SEG 2-06 to a depth of about 7 m
is not expected to liquefy based on SPT measurements and most of the layer is expected
to be situated above groundwater.

» Potentially liquefaction-susceptible lenses were identified in SCPT22-SEG 2-01 and
CPT22-SEG 2-15 from the stress-based method. In our opinion, this is likely related to the
“thin lens effect” from the CPT and SCPT data. Results from the plasticity approach
suggest that these lenses are not susceptible to liquefaction.

» Layers of sand and silt were encountered within the native silty clay at SH22-SEG 2-01 at
a depth of about 24 m, TH22-SEG 2-72 at depths of about 2 m and 8 m and TH22-SEG
2-73 at a depth of about 5 m. Atterberg limit tests were completed on two samples. Even
though the plasticity approach suggests that these sand and silt layers may be susceptible
to liquefaction or strain-softening, we consider the potential for liquefaction or strain-
softening of these layer to be relatively low because the material was deposited thousands
of years ago. Literature suggests that it is highly unlikely for aged deposits to liquefy in a
seismic event. Furthermore, these layers appear to be relatively thin and discontinuous.
Therefore, we do not anticipate that these potentially liquefiable layers will affect the
seismic performance of the abutment and pier foundations, as well as the proposed
micropiles.

In summary, we consider the liquefaction potential of the soils underlying the existing and
proposed structure to be relatively low. Additional information related to seismic deformations is
provided in Section 3.4.

34 Rigorous Dynamic Analysis
3.4.1 Modelling Approach

In accordance with Clause 6.14.4.2 in the Supplement, a two-dimensional (2D) seismic numerical
deformation assessment was completed using the software program Plaxis2D. Plaxis2D is an
advanced finite element modelling program that allows for complex modelling of cyclic soil
behaviour. The deformation assessment incorporated complex cyclic soil behaviour using the
HSsmall and PM4Sand soil models. HSsmall and PM4Sand are both capable of modelling the
small-strain stiffness degradation associated with seismic loading. PM4Sand is also capable of
modelling pore pressure build-up, liquefaction triggering and post-triggering displacements.
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Development of pore pressures is tracked using the excess pore pressure ratio, Ry, defined as
the ratio between a soil's excess pore-water pressure (i.e., pressure above hydrostatic) and
effective vertical stress. Liquefaction occurs when build-up of pore-water pressure causes soil to
rapidly lose shear strength and stiffness. The onset of liquefaction in the soil is generally defined
when the R, exceeds 0.7, but any increase in Ry will induce some strength loss.

The Plaxis2D model geometry and material zoning is shown in Appendix E: Figure E1 for the
longitudinal section and Figure E6 for the transverse section. The ground profile used in the
models was based on AE’s 50% Detailed Design Drawings. The ground water table was assumed
to be level across the site at El. 86 m.

HSsmall and PM4Sand soil models were assigned to non-liquefiable and potentially liquefiable
soils, respectively. Both HSsmall and PM4Sand are stress-dependent and are implemented in
Plaxis with normalized input parameters. Median soil parameters were derived for each soil unit
from the available nearby CPTs, SPTs, and shear wave velocity measurements as input for the
HSsmall and PM4Sand models. We allowed the soil models to populate soil stiffnesses from the
normalized median soil parameters and model stress field.

To understand the potential effects associated with liquefaction, two, 1 m thick silty sand layers
centred at El. 85 m and EIl. 81 m were modelled beneath the south abutment using the PM4Sand
soil model. Based on interpretation of the SCPTs, CPTs, and SPTs, blow count values of (N1)eo =
29 and (N+)eo = 17 were assigned to the upper and lower silty sand layers, respectively. We
selected higher, mid-range blow count estimates for the soils because the layers are being
modeled as both thicker and more continuous than suggested by the soil data. Triggering of the
silty sand layers were calibrated using Plaxis SoilTest to match cyclic resistance values from
Boulanger and Idriss (2014). Calibration was set on achieving 3% shear strain after 15 uniform
cycles. The number of cycles to liquefaction were not adjusted for MSF so the CRR values are
based on Magnitude 7.5. Separate calibrations of the PM4Sand parameters were completed for
the difference initial stress conditions below the existing abutments and below the highway.

In general, the modelling details are summarized as follows:

» HSsmall was assigned first to all soil layers to establish static stress conditions.

* PM4Sand was assigned to the two silty sand layers for dynamic phases.

» Free-field boundary conditions were applied as lateral boundaries in the models.

* All dynamic runs were completed with groundwater flow on which allows Plaxis2D to
calculate pore pressure redistribution during the dynamic phase.
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o This typically results in upward seepage and a more realistic distribution of
predicted R, values.
A hydraulic conductivity of 1 x 10® m/s was assigned to the two silty sand layers.
The remaining soils were assigned hydraulic conductivities consistent with
published typical value estimates (Freeze and Cherry, 1979).

3.4.2 Seismic Deformations

For this submission, we have analyzed the full suite of 60 ground motions provided by MoTI
comprising the following:

» 475-year return period level: 10 Crustal, 10 Inslab, and 10 Subduction ground motions
e 2475-year return period level: 10 Crustal, 10 Inslab, and 10 Subduction ground motions

Input ground motions for our analyses can be found in Golder Associates Ltd. (Golder)’s technical
memorandum entitled “Earthquake Scenario Spectra and Acceleration Time Histories for 1/475,
1/975 and 1/2,475 Annual Exceedance Probabilities for Trans Canada — Fraser Valley Project,
Abbotsford, British Columbia, Canada” dated February 22, 2022 (Golder's Reference
No. 21498748-001-TM-ReVO0).

Comparison of the horizontal and vertical displacements estimated using the full suite of motions
for each return period are included in Figures E2 to E5 and Figures E7 to E10 in Appendix E. The
comparisons show that Inslab motions largely govern the displacement estimates. The average
displacement profiles generated from the full earthquake suite are highlighted. We recommend
that the average profiles are used to generate deformation estimates for structural evaluation.

Generally, Ry values in the upper silty sand layer layer did not exceed 0.7 for either earthquake
return periods. Ry values in the lower silty sand layer were generally higher than in the upper silty
sand layer. The Ry values in the lower silty sand layer exceeded 0.7 for some of the inslab and
crustal ground motions consistent with the 2475-year return period, but only in free-field conditions
away from the abutments. The R, did not exceed 0.7 beneath the abutment embankments in
either the transverse or longitudinal model.

Post-seismic displacement estimates for the average profiles are also provided in tables within
the figures in Appendix E. The maximum displacement estimates contained in the average
profiles are summarized in Table 3-1. The profiles should be referenced to develop differential
lateral and horizontal movements for use in structural evaluation.
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3.4.3 Summary of Rigorous Dynamic Analyses

Overall, the rigorous dynamic modelling completed for the Mt. Lehman Underpass indicates that
the structure is not anticipated to be subject to significant post-seismic displacements with
maximum design values below about 25 mm for the 1 in 475-year return period ground motions
and below about 50 mm for the 1 in 2475-year return period ground motions. It should be noted
that the Plaxis models did not include any contributions from lateral resistance by the bridge
superstructure during dynamic analyses. These effects (e.g., a bridge ‘strutting’ force) are not
possible to accurately model without a significantly more complex geostructural model but would
be expected to reduce the deformation from those provided in our estimates.

Table 3.1: Maximum Average Post-Seismic Displacements for Mt. Lehman Abutment Models

Condition 1in 475-year Earthquake 1in 2,475-year Earthquake
Transverse Longitudinal Transverse Longitudinal
Model Model Model Model
(mm) (mm) (mm) (mm)
Maximum Average 510 10 20 to 25 20 to 30 30 to 40
Horizontal Displacement
Maximum Average 10to-15 10to-15 35 t0 -40 2510-35

Vertical Displacement
Note: Negative vertical displacement = settlement

3.5 Micropile Design
3.5.1 General

AE has proposed the use of micropiles to retrofit the existing pier footings and reinforce the new
pier footings under seismic loading conditions. The typical general arrangement for piers is shown
in Figure 3.1. In general, micropiles will be installed between the existing and new pier columns
through the footings. According to AE, a construction sequence has been developed such that
the new structure including the footings, micropiles and the superstructure will first be constructed
without infilling the areas between new pier columns, i.e. the new structure at this stage will be
the same as the existing structure. This allows the new pier footings to support all superstructure
loads under service conditions first. Following a waiting period and immediately prior to pouring
concrete for the infill walls, the micropiles will be grouted and the heads will be installed to engage
the pier footings.

According to AE, micropiles will primarily support seismic loads. Under service loading conditions,
some live loads may be transferred to the micropiles but the demands are expected to be below
the design seismic loads as outlined below.
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For permanent applications, the micropiles should comprise double corrosion protected (DCP)
solid threadbars. In general, the micropiles will be divided into two sections, free-stressing and
bonded lengths. Geotechnical inputs for design of the micropiles are provided below. Structural
design of the micropiles and the required number of micropiles will be completed by AE based on
our recommendations provided below.

3.5.2 Free-Stressing (Unbonded) Length

We recommend a minimum free-stressing length of 1 m be provided below the underside of the
pier footings. The free length should be developed by placing prefabricated smooth plastic
sheathing over the DCP threadbars.

3.5.3 Permanent Casing

AE indicated that a 200 mm diameter permanent casing will be required below the underside of
the pier footings due to bending moments induced by eccentric footing loads and that the length
of the permanent casing will be 3 m. For design purposes, axial compressive and tensile
resistances of the micropiles where the permanent casing is present have been ignored.

3.5.4 Bonded Length

AE indicated that an ultimate limit state (ULS) load of 726 kN per micropile can be used for design
under seismic loading conditions. With the consideration of the footing depths of 1.6 mto 1.9 m
and the permanent casing length of 3 m, the bonded length of the micropiles will start at a depth
of about 5 m below existing ground surface. Hence, we consider the ultimate (unfactored) bond
strength of 150 kPa in the firm to very stiff silty clay obtained from the sacrificial micropile testing
to be applicable for design of the permanent micropiles.

For a drilled hole diameter of 150 mm and a GRF of 0.8 for seismic design, the minimum required
bonded length of a micropile is estimated to be 13 m below the permanent casing.

3.5.5 Testing

All micropiles should be subjected to proof-testing in tension to 100% of the ULS loads. The
testing procedures and acceptance criteria should be in accordance with the Post Tensioning
Institute manual entitled “Recommendations for Prestressed Rock and Soil Anchors” (document
no. PTI DC35.1-14).
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3.5.6 Other Design Considerations for Micropiles

Based on the assumed non-liquefiable crust of about 6 m at the pier locations, we do not envisage
that the micropiles will be subject to kinematic loading.

3.6 Shallow Foundation Design for Pier and Abutment Footings
3.6.1 Bearing and Sliding Resistances

Shallow foundations are expected for the new piers and abutments. The estimated factored
bearing resistances and coefficients of friction for sliding resistances are summarized in Table 3.2
below.

Table 3.2: Estimated Bearing and Sliding Resistances for Shallow Foundations

Location Piers Abutments
Subgrade Condition Native Soils Bridge End Fill
Factored ULS Bearing Resistance 375 320
(Non-Seismic)
Factored ULS Bearing Resistance 525 450
(Seismic)
SLS Bearing Resistance 250 240
Factored Coefficient of Friction 0.27 0.48
(Sliding Resistance: Non-Seismic)
Factored Coefficient of Friction 0.36 0.6
(Sliding Resistance: Seismic)

The factored coefficients of friction for piers in Table 3.2 are provided for force-based design
checks. The factored coefficients applied GRF values of 0.6 and 0.8 for non-seismic and seismic
conditions, respectively, in accordance with Table 6.2 of CHBDC S6-19 and Clause 6.14.4.1 of
the Supplement assuming that the native soils are cohesive.

As discussed in Section 3.1.1, a seismic GRF of 1.0 is allowed in CHBDC, Clause 6.14.4.1 but
the Supplement indicates that a seismic GRF of 1.0 may be used if a sensitivity analysis is
completed. Using a seismic GRF of 1.0, the unfactored sliding resistance would be 0.45 under
seismic loading conditions.

According to AE, the unfactored sliding resistance would be equal to the factored sliding force
demand under ULS loading conditions if a coefficient of friction of 0.45 is used. This indicates that
footing sliding deformations will be minimal.
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3.6.2 Minimum Embedment

In general, a minimum footing depth of 600 mm should be provided for frost protection. According
to the available as-built drawings, the embedment depths for the existing footings are estimated
to be about 1.9 m, 1.8 m and 1.6 at Piers 1, 2 and 3, respectively. We anticipate that the new pier
footings will be constructed to match the existing pier footings.

3.6.3 Load-Deflection for Pier Footings

We have developed an estimated vertical load-deflection curve for structural assessment of the
pier footing based on a simplified Plaxis2D analysis. The results are shown in Figure 3.2. The
results represent static loading conditions only. Bending moments were not considered in the
model.

3.6.4 Linear Compliance Springs

We have estimated the linear compliance springs for the pier footings in general accordance with
S6-19 Commentary Section C6.14.5. The results are provided in Figure 3.3. As shown, the
compliance springs include upper and lower bound values with the consideration of soil stiffness
ranging from 20% to 50% of the peak value. The compliance springs also vary with structural
loading. In particular, the compliance springs with a load eccentricity ratio of between 0.17 and
0.4 would be applicable for foundation racking.

It should be noted that the compliance springs provided do not consider the presence of the
micropiles.

3.6.5 Non-Linear Compliance Springs for Design of Pier Footings

AE indicated that non-linear compliance soil springs with the consideration of the micropiles are
required to aid the structural pushover analysis. Accordingly, Thurber completed a pushover
analysis in Plaxis2D to determine the translational and rotational behaviors of a pier footing in
conjunction with a micropile. The force-lateral displacement (V-U) and moment-rotation (M-6)
relationships of the footing with micropile, as well as the axial load-vertical displacement
relationship for a micropile, are shown in Figures 3.4 to 3.6.

3.7 Estimated Settlement

A settlement analysis has been completed based on the proposed abutments and retaining wall
geometry and piers under service loading. The total settlements at the new pier footings and the
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new abutments are estimated to be about 85 mm and 100 mm, respectively. We estimate that at
least 50% of the total settlements will take place in the three to six months following application
of the service loads and that the remaining settlements will take place gradually in the next 25
years.

Differential settlements can be estimated as follows:

= 25 mm (i.e. 50% of the total) between new pier footings,
= 50 mm between new abutment and the nearest new pier footings,
= 100% of the total between new and existing pier footings.

3.8 Lateral Earth Pressures and Resistances
3.8.1 Lateral Earth Pressures

Recommended lateral earth pressure coefficients for design of the abutment walls are
summarized in Table 3.3. The values provided assume backfill will comprise bridge end fill per
MoTI's Standard Specifications Section 202.

Table 3.3: Summary of Lateral Earth Pressure Coefficients for Static and Seismic Conditions

Backfill Unit Friction | At-Rest Active Seismic Seismic
Weight Angle (Ko) (Ka) (AKae, 1:475) (AKGe, 1:2,475)
Bridge End Fill | 22 kN/m3 38° 0.38 0.22 0.15 0.35

The calculated values assume an interface friction coefficient of 0.5 between the wall face and
backfill. Seismic lateral pressure on the abutment wall can be estimated using Kae, which is equal
to the sum AKae and Ka. The value of AK,e assumes full horizontal acceleration applied to the
backfill. Further refinement of this value will be conducted during detailed design.

Lateral earth pressures acting on the abutment wall under static loading should assume at-rest
conditions. A 12 kPa compaction surcharge should be applied behind the wall varying linearly
from ground surface to zero at 2 m below surface per CHBDC S6-19 Section 6.12.3. A live load
surcharge of 16 kPa may be assumed per CHBDC S6-19 Section 6.12.5. Live load and
compaction surcharge are not addictive.
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3.8.2 Passive Resistances

For the existing and future pier footings, an unfactored passive soil resistance can be estimated
using a K, of 3.5 and a soil unit weight of 19 kN/m®. For ULS design, geotechnical resistance
factors provided in Section 3.2 are considered applicable.

To develop a lateral soil spring for the pier footings, the required displacement or rotation to
develop the unfactored passive resistance is provided in Table C6.12 in the Commentary to the
CHBDC S6-19. An excerpt is shown in Figure 3.7. It should be noted that we have ignored the
lateral resistance from the micropiles as the lateral pile resistance is expected to be relatively
small. Additional information, if required, can be provided in the next revision of this report.

3.8.3 Abutment Soil Springs

The near-field lateral spring for abutments estimated using Caltrans (2013) is considered
applicable given that the abutment height is generally lower than 1.7 m. Additional information
can be found in the Commentary to CHBDC S6-19 in Section C6.14.7.

It should be noted that Table 4.4.5.4-1, Item 12 in the Supplement indicates that passive abutment
resistance should be based on 70% of the ultimate value as determined in accordance with
CHBDC S6-19 Clause 6.14.7.1.

3.9 Existing MSE Walls at Abutments
3.9.1 General

Shop drawings of the existing MSE walls at the abutments were provided to us during the 100%
detailed design phase. Thurber completed a global stability analysis for the existing MSE walls.
Thurber also engaged RECO to assess the internal stability of the existing MSE walls using the
latest seismic hazard values provided in Section 3 above. Details of the assessment completed
for the existing MSE walls at the abutments are provided below.

3.9.2 Global Stability

Global stability of the existing MSE walls was checked using the limit equilibrium software Slide2
Version 9, published by Rocscience. The MSE walls were analyzed under pseudo-static
conditions. Horizontal seismic coefficients of 50% of the PGAs for A475 and A2475 as outlined in
Section 3.3.1 were used in the analysis. The dimensions of the wall and the reinforcement length
were estimated from RECQO’s shop drawings. The reinforced zone of the wall was modelled as a
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cohesive block. The results are shown in Figures 3.8 to 3.11 in Appendix A and are summarized
in Table 3.4 below.

Table 3.4: Summary of Global Stability Analysis for Existing MSE Walls

Factor of Safety for Global Stability
Abutment
A475 A2475
North 1.36 1.19
South 1.54 1.36

According to Table 6.2b and Clause 6.14.4.1 in the Supplement, the minimum required factor of
safety for global stability (FS) is 1.18 under pseudo-static loading conditions. Based on the above
results, this requirement is met for the existing MSE walls at the abutments.

3.9.3 Internal Stability

RECO completed an internal stability assessment of the existing MSE walls at the abutments
using the foundation loads provided by AE in conjunction with the seismic hazard values provided
in Section 3 above. Based on preliminary discussions with RECO, our understanding the existing
structures outlined in Section 3.2 can meet the current seismic performance requirements with
remining design life of the wall of about 75 years. Additional information can be found in the draft
report by RECO in Appendix F.

3.10 New MSE Walls at Abutments
3.10.1 General

MSE walls should be designed in general accordance with the Supplement followed by CHBDC
S6-19. AASHTO LRFD Design Specifications and FHWA-NHI-10-024 and -025 should take lower
precedence compared to S6-19.

The new MSE walls will tie in to the existing MSE walls at the abutments. Design and construction
of the new MSE walls must consider the presence of the existing retaining walls supporting the
existing Mt. Lehman approach embankments.

3.10.2 MSE Wall Type, Minimum Reinforcement Length and Wall Embedment

Consistent with the MSE walls at the existing abutment and common MoTI practice, the MSE
walls at the new abutments should comprise a vertical segmental concrete-faced panel wall with
inextensible (steel) reinforcement. The reinforcement should be a minimum length of 0.6 times
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the wall height plus 2 m (0.6H + 2 m) or 2.4 m, whichever is greater. The wall height should be
measured from the underside of the levelling pad to the top of the finished road grade.

The recommended minimum embedment depth for walls from adjoining finished grade to the top
of the levelling pad is 600 mm for frost protection in accordance with Clause 6.19.3.3 of CHBDC
S6-19.

3.10.3 Bearing Resistances

The recommended factored bearing resistances at the base of the MSE walls are 350 kPa and
250 kPa under ULS and SLS conditions, respectively, provided that the wall foundation subgrade
comprises well compacted granular fill or native very stiff silty clay. The ULS bearing resistance
included a geotechnical resistance factor of 0.5.

3.10.4 Settlement

The MSE wall should be designed to tolerate up to 100 mm of total settlement. The short-term
settlement is estimated to be on the order of 50 mm.

3.10.5 Wall Backfill

We recommend the MSE wall backfill comprise Bridge End Fill (BEF) in accordance with
SS 202.04 and 202.05 of the 2020 MoTI Standard Specifications. The wall backfill should also
meet the electrochemical requirements for the reinforcement to be determined by the wall
supplier.

In general, the wall backfill should be placed and compacted following BEF requirements in the
2020 MoTI Standard Specifications. For areas immediately behind the wall face, light, hand
operated compaction equipment should be used and the lift thickness should be less than
200 mm. Quality control compaction testing must be explicitly completed in this zone in additional
to other fill zones.

3.10.6 Global Stability

The global stability of the new MSE walls was checked using the limit equilibrium method for
completeness given that a rigorous dynamic analysis has been completed for the abutments. In
this case, the new MSE walls were analysed under static and pseudo-static conditions using the
minimum required reinforcement length provided in Section 3.10.2 and groundwater below the
bottom of the wall. Under static conditions, we assume that a 16 kPa traffic surcharge is applied
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on top of the wall and that peak soil strength parameters apply. Under pseudo-static loading, a
horizontal seismic coefficient of 50% of the amplified peak ground acceleration, in conjunction
with peak soil strength parameters, was used for the analysis.

The results of the limit equilibrium analysis are attached in Figures 3.12 to 3.17 in Appendix A
and are summarized in Table 3.5.

Table 3.5: Summary of Global Stability Analysis for New MSE Walls

Factor of Safety for Global Stability
Abutment
Static A475 A2475
North 1.97 1.35 1.21
South 2.14 1.53 1.35

Table 6.2b in the Supplement indicate that the minimum required FS values are 1.54 under static
loading conditions and 1.18 under pseudo-static loading conditions with a typical degree of
understanding and a typical consequence. The results from our assessment indicate that the
requirements are met. Seismic deformations for the abutments based on rigorous dynamic
analyses can be found in Table 3-1.

3.10.7 Wall Drainage

Wall sub-drains should comprise a continuous perforated 150 mm PVC pipe immediately behind
the facing and at the rear of the reinforced zone. The PVC pipe should be encased in 150 mm of
clear crush and wrapped in a non-woven geotextile filter fabric with properties in Table 3.6.

Front and rear drainage should be connected with 150 mm solid PVC pipe at regular intervals.
The drainage system should drain positively away from the backfill zone (typically at 2% grade)
and should be connected to the nearby storm sewer system.

Table 3.6: Properties for Non-Woven Geotextile

Property Test Method Unit Value
Grab Tensile Strength ASTM-D4632 N 712
Grab Elongation ASTM-D4632 % 50 - 105
Tear Resistance ASTM-D4533 N 267
Puncture CBR ASTM-D6241 N 1820
Permeability ASTM-D4491 sec™! 1.50
Water Flow ASTM-D4491 I/min/m? 4.480
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Property Test Method Unit Value
Apparent Opening Size (A.O.S.) ASTM-D4751 mm 0.212
U.V. Resistance ASTM-D4355 % @ 500 h 70

3.10.8 Proprietary Wall Design Parameters

We expect that internal and external wall design will be completed by a proprietary wall
supplier/designer. Global and compound wall stability should be checked by Thurber after the
proprietary wall design has been completed. Shop drawings and design reports of the walls
should be provided to Thurber for review.

We recommend the following parameters be used for design of MSE walls:

* Reinforced Fill (Bridge End Fill)
o Effective angle of friction: 35° (Maximum per CHBDC S6-19)
o Unit weight: 22 kN/m3
* Retained Fill
o Effective angle of friction: 30°
o Unit weight: 19.5 kN/m3
» Foundation Soil (for sliding)
o Effective angle of friction: 30°
» Seismic
o PGA (A475)=0.22g
o PGA (A2475)=0.49g
* Bearing Resistances

o ULS: 350 kPa
o SLS: 250 kPa

» Settlement for design
o Total =100 mm
o Shortterm — 50 mm
» Surcharge
o Abutment footing: See Table 3.2 and AE’s drawings
o Traffic surcharge: 16 kPa
o Sloping backslope: See AE’s drawings
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3.11 Construction Considerations
3.11.1 Site Preparation
Abutments

The proposed abutment locations are occupied by existing slopes adjacent to the existing
abutments. The existing slopes are covered with vegetation and trees. As part of the site
preparation, the vegetation and tress should be removed and excavation into the existing slopes
will be required to facilitate construction of the new MSE walls, including the inextensible
reinforcement and wall drainage.

MSE walls supporting the existing approach embankments are present. The existing walls may
interfere with construction of the new MSE walls. If they are to remain, temporary shoring will
likely be required to underpin the existing MSE walls and facilitate construction of the new walls.

Piers

Pier 1 has been integrated into an existing barrier separating the current eastbound lanes. Site
preparation at this location will generally include removal of existing asphalt and concrete barriers,
as well as unsuitable soil where present.

Piers 2 and 3 are located within the existing highway median. A soil berm is present along the
median. Beyond the footprint of the existing underpass, low vegetation is also present. Site
preparation at Piers 2 and 3 will include removal of the soil berm, low vegetation and existing
asphalt and concrete barriers, as well unsuitable soil, where present.

Potential Conflicts with Old Foundations

The new underpass will extend to the east of the existing structure. Figure 1.7 shows the
approximate locations of the original bridge foundations. It is uncertain if the old foundations have
been completely or partially removed.

Figure 1.7 suggests that the new MSE wall footprint at the south abutment and the new footing at
Pier 1 may be partially within the old foundation footprints. If the old foundations have not been
completely removed, then it may be necessary to remove the old foundations partially or
completely at these locations to facilitate construction of the new wall foundation and pier footing.
The contractor should be made aware of the potential for these obstructions.
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3.11.2 Shallow Foundation Subgrade Preparation

If the soil conditions at the foundation subgrade level for the MSE walls and pier footings comprise
granular fill, the exposed subgrade should be compacted to a dense and unyielding condition.
Light compaction equipment should be used in the proximity of existing structures to avoid
potential adverse effects on the existing foundations due to the compaction operations. Any soft,
wet or unsuitable materials encountered at the bearing surface should be subexcavated and
replaced with compacted granular fill.

If native silty clay is encountered at the exposed subgrade, no compaction will be required.
Further, a smooth-edge cleanout bucket must be used to prepare the subgrade. It should be noted
that the silty clay will be sensitive to changes in moisture content and susceptible to disturbance,
especially in freezing or wet weather conditions. Accordingly, foot and equipment traffic on the
native silty clay should be limited unless it is covered by a skim coat of lean-mix concrete
concreate or a nominal thickness (+ 50 mm) of road base compacted to 100% standard proctor
maximum dry density using a light compaction equipment.

In general, we assume that the depths of new MSE foundations and pier footings will match the
existing ones. Caution should be applied not to undermine the existing foundations and footings
during foundation subgrade preparation.

As mentioned above, the new MSE wall footprint at the south abutment and the new footing at
Pier 1 may be partially within the old foundation footprints. If the old footings were previously
removed, then fill material should be anticipated in these areas. If the fill is loose, subexcavating
the existing fill and replacing it with well compacted road base or approved equivalent will be
required.

3.11.3 Temporary Excavation

For planning purposes, temporary excavation using conventional cut slopes, trench boxes or a
combination of both will likely be required to facilitate construction of the new pier footings. For
the new MSE wall foundations, conventional cut slopes in conjunction with temporary shoring
such as shotcrete and soil anchors will likely be required. The design of temporary excavation is
the responsibility of the contractor. If temporary shoring such as trench boxes, shotcrete and soil
anchors, or similar is required, the contractor should provide a work plan and supporting design
documents for review and approval. Regardless, the contractor must maintain integrity and
stability of the existing and new structures during construction.
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3.11.4 Temporary Dewatering

The design of temporary dewatering is the responsibility of the contractor. In general, the depths
of excavation appear to be above the groundwater depth observed in the recent geotechnical
investigation. However, groundwater levels are expected to vary seasonally with infiltration and
surface drainage conditions. For planning purposes, we envisage that groundwater, if
encountered in foundation excavations, can be managed by conventional sumps and pumps.

3.11.5 Potential Impacts to Existing Utilities and Infrastructure

Temporary excavations, fill placement or compaction operations will induce vibrations or
settlements that could affect existing structures in the vicinity of these operations. Hence, we
recommend that a settlement and vibration monitoring program be developed to confirm that there
are no negative effects on key existing structures. The contractor should engage a qualified
professional engineer to develop the monitoring program prior to construction and execute it
during construction. The monitoring program should be submitted for review prior to construction.

AE should identify monitoring locations and establish tolerances for existing infrastructure where
applicable.

3.11.6 Monitoring Requirements for New Structure

To help determine the waiting period prior to engaging the micropiles to the pier footings, we
recommend a monitoring program be established for the new pier footings. At least one
monitoring point should be installed near the bottom of the new pier column. The monitoring points
should be above grade for ease of survey. Two sets of baseline readings should be taken shortly
after the pier column construction. One set of readings should be taken immediately after
construction of the superstructure, followed by weekly readings for at least four weeks. The results
should be sent to the design team for review within 24 hours after the readings are taken. Survey
data should include vertical displacements to an accuracy of £ 2 mm.
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4. SIGNATURES/CLOSURE

This report was issued before any final design or construction details had been prepared or
issued. Therefore, differences may exist between the report recommendations and the final
design, the contract documents, or conditions during construction. In such instances, Thurber
Engineering Ltd. should be contacted immediately to address these differences. Designers and
contractors undertaking or bidding the work should examine the factual results of the
investigation, satisfy themselves as to the adequacy of the information for design and
construction, and make their own interpretation of the data as it may affect their proposed scope
of work, cost, schedules, safety, and equipment capabilities.

We trust this information meets your present needs. If you have any questions, please contact

the undersigned at your convenience.
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Charles Ng, M.Eng., P. Eng.
Senior Associate, Project Engineer

Thurber Engineering Ltd.
Permit to Practice #1001319

Date: February 23, 2024
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STATEMENT OF LIMITATIONS AND CONDITIONS

1. STANDARD OF CARE

This Report has been prepared in accordance with generally accepted engineering or environmental consulting practices in the applicable jurisdiction. No
other warranty, expressed or implied, is intended or made.

2. COMPLETE REPORT

All documents, records, data and files, whether electronic or otherwise, generated as part of this assignment are a part of the Report, which is of a summary
nature and is not intended to stand alone without reference to the instructions given to Thurber by the Client, communications between Thurber and the
Client, and any other reports, proposals or documents prepared by Thurber for the Client relative to the specific site described herein, all of which together
constitute the Report.

IN ORDER TO PROPERLY UNDERSTAND THE SUGGESTIONS, RECOMMENDATIONS AND OPINIONS EXPRESSED HEREIN, REFERENCE MUST
BE MADE TO THE WHOLE OF THE REPORT. THURBER IS NOT RESPONSIBLE FOR USE BY ANY PARTY OF PORTIONS OF THE REPORT
WITHOUT REFERENCE TO THE WHOLE REPORT.

3. BASIS OF REPORT

The Report has been prepared for the specific site, development, design objectives and purposes that were described to Thurber by the Client. The
applicability and reliability of any of the findings, recommendations, suggestions, or opinions expressed in the Report, subject to the limitations provided
herein, are only valid to the extent that the Report expressly addresses proposed development, design objectives and purposes, and then only to the extent
that there has been no material alteration to or variation from any of the said descriptions provided to Thurber, unless Thurber is specifically requested by
the Client to review and revise the Report in light of such alteration or variation.

4. USE OF THE REPORT

The information and opinions expressed in the Report, or any document forming part of the Report, are for the sole benefit of the Client, the BC Ministry
of Transportation and Infrastructure (MoTl) and Authorized Users as defined in the MoT| Special Conditions Form H0461d. NO OTHER

PARTY MAY USE OR RELY UPON THE REPORT OR ANY PORTION THEREOF WITHOUT THURBER'S WRITTEN CONSENT AND SUCH USE
SHALL BE ON SUCH TERMS AND CONDITIONS AS THURBER MAY EXPRESSLY APPROVE. Any use which an unauthorized third party makes of
the Report, is the sole responsibility of such third party. Thurber accepts no responsibility whatsoever for damages suffered by any unauthorized third
party resulting from use of the Report without Thurber’s express written permission.

5. INTERPRETATION OF THE REPORT

a) Nature and Exactness of Soil and Contaminant Description: Classification and identification of soils, rocks, geological units, contaminant materials
and quantities have been based on investigations performed in accordance with the standards set out in Paragraph 1. Classification and identification
of these factors are judgmental in nature. Comprehensive sampling and testing programs implemented with the appropriate equipment by
experienced personnel may fail to locate some conditions. All investigations utilizing the standards of Paragraph 1 will involve an inherent risk that
some conditions will not be detected and all documents or records summarizing such investigations will be based on assumptions of what exists
between the actual points sampled. Actual conditions may vary significantly between the points investigated and the Client and all other persons
making use of such documents or records with our express written consent should be aware of this risk and the Report is delivered subject to the
express condition that such risk is accepted by the Client and such other persons. Some conditions are subject to change over time and those making
use of the Report should be aware of this possibility and understand that the Report only presents the conditions at the sampled points at the time of
sampling. If special concerns exist, or the Client has special considerations or requirements, the Client should disclose them so that additional or
special investigations may be undertaken which would not otherwise be within the scope of investigations made for the purposes of the Report.

b) Reliance on Provided Information: The evaluation and conclusions contained in the Report have been prepared on the basis of conditions in evidence
at the time of site inspections and on the basis of information provided to Thurber. Thurber has relied in good faith upon representations, information
and instructions provided by the Client and others concerning the site. Accordingly, Thurber does not accept responsibility for any deficiency,
misstatement or inaccuracy contained in the Report as a result of misstatements, omissions, misrepresentations, or fraudulent acts of the Client or
other persons providing information relied on by Thurber. Thurber is entitled to rely on such representations, information and instructions and is not
required to carry out investigations to determine the truth or accuracy of such representations, information and instructions.

c) Design Services: The Report may form part of design and construction documents for information purposes even though it may have been issued
prior to final design being completed. Thurber should be retained to review final design, project plans and related documents prior to construction to
confirm that they are consistent with the intent of the Report. Any differences that may exist between the Report's recommendations and the final
design detailed in the contract documents should be reported to Thurber immediately so that Thurber can address potential conflicts.

d) Construction Services: During construction Thurber should be retained to provide field reviews. Field reviews consist of performing sufficient and
timely observations of encountered conditions in order to confirm and document that the site conditions do not materially differ from those interpreted
conditions considered in the preparation of the report. Adequate field reviews are necessary for Thurber to provide letters of assurance, in accordance
with the requirements of many regulatory authorities.

6. RELEASE OF POLLUTANTS OR HAZARDOUS SUBSTANCES

Geotechnical engineering and environmental consulting projects often have the potential to encounter pollutants or hazardous substances and the potential
to cause the escape, release or dispersal of those substances. Thurber shall have no liability to the Client under any circumstances, for the escape,
release or dispersal of pollutants or hazardous substances, unless such pollutants or hazardous substances have been specifically and accurately
identified to Thurber by the Client prior to the commencement of Thurber's professional services.

7. INDEPENDENT JUDGEMENTS OF CLIENT

The information, interpretations and conclusions in the Report are based on Thurber’s interpretation of conditions revealed through limited investigation
conducted within a defined scope of services. Thurber does not accept responsibility for independent conclusions, interpretations, interpolations and/or
decisions of the Client, or others who may come into possession of the Report, or any part thereof, which may be based on information contained in the
Report. This restriction of liability includes but is not limited to decisions made to develop, purchase or sell land.
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APPENDIX A FIGURES

Figure 1.1 As-Built Drawing 1562-102
Figure 1.2 As-Built Drawing 1562-103
Figure 1.3 As-Built Drawing 1562-101
Figure 1.4 Mt. Lehman Underpass — Existing MSE Wall Plan, Section and Details
Figure 1.5 Mt. Lehman Underpass — Existing MSE Wall Front Face Elevations
Figure 1.6 Mt. Lehman Underpass — Existing MSE Wall Typical Details
Figure 1.7 Mt Lehman Underpass General Arrangement
Figure 2.1 1960’s Mt Lehman Bridge Plan and Section
Figure 2.2 Approximate Location of Sacrificial Micropiles
Figure 3.1 Typical New Widening and Existing Footing Retrofit with Micropiles at Piers
Figure 3.2 Vertical Load-Deflection and Stiffness Relationship for Static Design of Pier Footings
Figure 3.3 Upper and Lower Bound Linear Compliance Springs for Mt. Lehman Pier Footings
Figure 3.4 Non-Linear Compliance Springs (Translational) for Mt. Lehman Pier Footings
Figure 3.5 Non-Linear Compliance Springs (Rotational) for Mt. Lehman Pier Footings
Figure 3.6 Non-Linear Compliance Springs for Micropiles at the Pier Footings
Figure 3.7 Movements Required to Mobilize Passive Pressures
Figure 3.8 Global Stability Results for Existing MSE Wall at South Abutment (A475)
Figure 3.9 Global Stability Results for Existing MSE Wall at South Abutment (A2475)
Figure 3.10 Global Stability Results for Existing MSE Wall at North Abutment (A475)
Figure 3.11 Global Stability Results for Existing MSE Wall at North Abutment (A2475)
Figure 3.12 Global Stability Results for New MSE Wall at South Abutment (Static)
Figure 3.13 Global Stability Results for New MSE Wall at South Abutment (A475)
Figure 3.14 Global Stability Results for New MSE Wall at South Abutment (A2475)
Figure 3.15 Global Stability Results for New MSE Wall at North Abutment (Static)
Figure 3.16 Global Stability Results for New MSE Wall at North Abutment (A475)
Figure 3.17 Global Stability Results for New MSE Wall at North Abutment (A2475)
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LUMPED SOIL SPRINGS FOR SHALLOW FOOTINGS
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Figure C6.27
Various earth pressures ) (;I‘ahle C6..ll.2 : -
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APPENDIX B CURRENT AND HISTORIC INVESTIGATION INFORMATION

Dwg. 32079-SEG 2-3 Investigation Location Plan near Mt Lehman Underpass
Dwg. 32079-SEG 2-15 Segment 2 Stratigraphic Cross-Section, Section 2

Thurber Investigation (Draft Logs for Test Holes, CPT and SCPT, DHST Table and Plot)
2004 Investigation Information by Trow Associates Inc.
1994 BC Ministry of Transportation Test Hole Logs
1959 BC Department of Highways Test Hole Logs
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o ) SUMMARY LOG Drill Hole #: SH22-SEG 2-01
Ministry of - . .
BriTiSH | Transportation Project: Fraser Valley Highway 1 Corridor Improvement Date(s) Drilled: 2022-06-25
COLUMBIA  and Infrastructure | Location: Abbotsford, BC Company: Mud Bay
Prepared by: ) ) 32079 | Datum: UTM-Nad83 Alignment: Driller: Stephen
Thurber Engineering Ltd. Northing/Easting: 5434072 , 545198 Station/Offset: Drill Make/Model: Terra Sonic TSCC-05
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a P Wp% % W% <|lw|mlo < Drillers Estimate w
T 2 80 n x|® o {G % S % F %} ]
-0 M ASPHALT. / 0.08m—— o
N =] 1 °6 SP - SAND and GRAVEL; sub-angular to GP- E
R )j@ "] sub-rounded, 57 mm max. size gravel, GM 1
R ?— brown; non-cohesive. 0.61m— ]
N CL - SILTY CLAY, trace sand; medium ]
1 plasticity; fine grained sand, grey; i
R cohesive, w>PL, stiff to very stiff. ]
= 90__
B =] 2 cL ]
-2 ]
: = oL ]
3 ]
-4 ]
¥ 87
N =] 4 - sand lens at 4.7 m depth cL E
5 ]
C 1= s cL ]
6 1
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Type: L#-Lab S-Split 0-Odex W-Wash T-Shelby 77 Drill .
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o ) SUMMARY LOG Drill Hole #: SH22-SEG 2-01
Ministry of . . .
BriTiSH | Transportation Project: Fraser Valley Highway 1 Corridor Improvement Date(s) Drilled: 2022-06-25
COLUMBIA  and Infrastructure | Location: Abbotsford, BC Company: Mud Bay
Prepared by: ) ) 32079 | Datum: UTM-Nad83 Alignment: Driller: Stephen
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a P Wp% W% W% <|lw|mlo < Drillers Estimate w
Tl 20 80 (2] x| O {G%S %F %} w
- 10 CL - SILTY CLAY, trace sand; medium N
B plasticity; fine grained sand, grey; 81
N cohesive, w>PL, stiff to very stiff. E
B || (continued) i
B |=| 8 cL ]
11 Z
12 =] o cL ]
B 79
13 ]
a =] 10 cL ]
—14 Z
¥ [
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o ) SUMMARY LOG Drill Hole #: SH22-SEG 2-01
Ministry of . . .
BriTiSH | Transportation Project: Fraser Valley Highway 1 Corridor Improvement Date(s) Drilled: 2022-06-25
COLUMBIA  and Infrastructure | Location: Abbotsford, BC Company: Mud Bay
Prepared by: ) ) 32079 | Datum: UTM-Nad83 Alignment: Driller: Stephen
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Tl 20 80 (2] x| O {G%S %F %} w
- 20 CL - SILTY CLAY, trace sand; medium N
B plasticity; fine grained sand, grey; 71
N cohesive, w>PL, stiff to very stiff. E
B (continued) i
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i ) SUMMARY LOG Drill Hole #: SH22-SEG 2-01
Ministry of . . .
BriTiSH | Transportation Project: Fraser Valley Highway 1 Corridor Improvement Date(s) Drilled: 2022-06-25
COLUMBIA  and Infrastructure | Location: Abbotsford, BC Company: Mud Bay
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) SUMMARY LOG Drill Hole #: MRH22-SEG 2-06
Ministry of - . N .
BriTiSH | Transportation Project: Fraser Valley Highway 1 Corridor Improvement Date(s) Drilled: 2022-05-25
COLUMBIA  and Infrastructure | Location: Abbotsford, BC Company: Mud Bay
Prepared by: ) ) 32079 | Datum: UTM-Nad83 Alignment: Driller: Brendan
Thurber Engineering Ltd. Northing/Easting: 5434056 , 545199 Station/Offset: Drill Make/Model: Fraste XL -03
Logged by: SY Reviewed by: ANR | Elevation: 91.8m Coordinates taken with GPS Drilling Method: Mud Rotary
X Pocket Penetrometer 3 Shear Strength (kPa) | L S o = €
= 100 200 300 400 ol O |0 o =
£ [OF7)) i Z|>|m = b4
= | z3 w |l s SOIL S COMMENTS o)
= | 25 SERE DESCRIPTION S| TESTWG z
w| AR ASPT"N' (BLOWS/300 mm) A < Z18|2 &a _ , =
a P Wp% W% W% <|lw|mlo < Drillers Estimate w
T 20 80 (2] x| O {G%S %F %} w
-0 = {TOPSOIL. o 1
N 1|63 :& SP - SAND and GRAVEL, trace partially SP/GP ]
R b -~| decomposed organics; fine to coarse |
N 390" grained, poorly graded sand; fine to ]
R ©..~.| coarse grained, sub-rounded, 30 mm 91
[ M max. size gravel, grey; non-cohesive 0.91m—— ]
R ‘I \(FILL), dry, compact. / E
[ 1111 SM - SAND and SILT to silty; fine ]
R 2 et || grained, well graded sand; low plasticity M ]
= 1’1 1| silt, grey; cohesive, w>PL, compact. ]
¥ ’ 90
—2 ]
X 3 |79 f] M go]
= ]
5 o]
4 ]
N ST1 1
, 87
5 4 {100/] [{] ML ]
5 o]
6 ]
: o]
—7 - 7.01m— ]
N CL - SILTY CLAY, trace to some sand, ]
B 5 1100 low to medium plasticity; fine grained cL i
B sand, grey; cohesive, w>PL, stiff. ]
5
8 ]
N - 8.53m— ]
B CL - SILTY CLAY, trace sand; medium ]
- 6 1100 plasticity; fine grained sand, grey; cL 83
[ 9 cohesive, w>PL, stiff. ]
. . SRR 82
L 10 S PO U SRR S S ]
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SUMMARY LOG

dole #: MRH22-SEG 2-06

Thurber Engineering Ltd.

Ministry of - - -
BriTiSH | Transportation Project: Fraser Valley Highway 1 Corridor Improvement
COLUMBIA  and Infrastructure | Location: Abbotsford, BC
Prepared by: 32079 | Datum: UTM-Nad83 Alignment:

Date(s) Drilled: 2022-05-25
Company: Mud Bay
Driller: Brendan

Northing/Easting: 5434056 , 545199 Station/Offset: Drill Make/Model: Fraste XL -03
Logged by: SY Reviewed by: ANR | Elevation: 91.8m Coordinates taken with GPS Drilling Method: Mud Rotary
X Pocket Penetrometer 3 Shear Strength (kPa) | L S o = €
= 100 200 300 400 ol O |0 o =
£ [OF7)) i Z|>|m = b4
= | z3 w |l s SOIL < COMMENTS o)
= | 25 SERE DESCRIPTION L) TESTNG z
w x “DJ S A SPT "N" (BLOWS/300 mm) A % = |9l 3 ) ) =
o| @%p Wp% W W% 25|20 5 Drillers Estimate o
il 2 80 n x| O {G %S %F %) o
- 10 CL - SILTY CLAY, trace sand; medium ]
B plasticity; fine grained sand, grey; i
N cohesive, w>PL, stiff. (continued) ]
81
11 1
[ 54 cL 807
12 1
: 7%
13 ]
5 .
14 :
i 100 cL ]
: cL 7
—15 ]
5 .
16 ]
5 "
17 ;
5
—18 100 cL i
5 .
—19 ]
B 72
- 20 R U TS AU U SR E
é—:%%g [[J]a-Auger [[]B-Becker [J]c-Core  [C]G-Grab  []v-Vane :-Fesstl:%;tion' [<fsand  []erout R<]cement [JBentonite Final Depth of Hole: 30.5 m
' : ; Depth to Top of Rock:
Type: L#-Lab S-Split 0-Odex W-Wash T-Shelby 77 Drill .
Sample IZSpoon |:I(air rotary) (mud return) [m]Tube Cuttings [ﬁ:lSIotted 23 Slough @Plezometer Page 2 of 4




MOTI-SOIL-REV3_EL. 1 DECIMAL PLACE 32079_FRASER VALLEY HWY 1 CORRIDOR.GPJ MOTI_DATATEMPLATE_REV3.GDT 23-12-20

SUMMARY LOG

dole #: MRH22-SEG 2-06

Ministry of
BRITISH  lransportation
COLUMBIA  and Infraseructure

Project: Fraser Valley Highway 1 Corridor Improvement
Location: Abbotsford, BC

Prepared by: 32079

Thurber Engineering Ltd.

Datum: UTM-Nad83
Northing/Easting: 5434056 , 545199

Alignment:
Station/Offset:

Date(s) Drilled: 2022-05-25
Company: Mud Bay

Driller: Brendan

Drill Make/Model: Fraste XL -03
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a P Wp% W% W% <|lw oo < Drillers Estimate w
T 20 80 (2] x| O {G%S %F %} w
- 20 CL - SILTY CLAY, trace sand; medium ]
B plasticity; fine grained sand, grey; i
N cohesive, w>PL, stiff. (continued) ]
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Ministry of
BRITISH  lransportation
COLUMBIA  and Infraseructure

SUMMARY LOG

Drill Hole #: MRH22-SEG 2-06

Project: Fraser Valley Highway 1 Corridor Improvement
Location: Abbotsford, BC

Prepared by: 32079

Thurber Engineering Ltd.

Datum: UTM-Nad83
Northing/Easting: 5434056 , 545199

Alignment:
Station/Offset:

Date(s) Drilled: 2022-05-25
Company: Mud Bay

Driller: Brendan

Drill Make/Model: Fraste XL -03
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Type: L#-Lab S-Split 0-Odex rrzgW-Wash T-Shelby 77 Drill AN :

Sample IZSpoon |:I(air rotary) (mud return) [m]Tube Cuttings [ﬁ:lSIotted 23 Slough Plezometer Page 4 of 4




THURBER

Client:

MoTl

Test Hole ID MRH22-SEG2-06

Site:
Location:

Highway 1, Abbotsford

DOWNHOLE SEISMIC TEST DATA

264th Street to Whatcom Road - Segment 2

Date:

Source Offset:
Source:

Measured Vertical
Travel Time Component | Incremental
Geophone from Source of Travel Shear Wave
Depth (m) (ms) Time (ms) |Velocity (m/s)

1.50 13.5 11.3

2.50 15.3 14.2 340
3.50 18.7 18.0 266
4.50 22.3 21.8 264
5.50 24.8 24.4 381
6.50 27.3 27.0 388
7.50 30.0 29.7 363
8.50 334 33.2 291
9.50 37.0 36.8 276
10.50 40.2 40.0 310
11.50 43.3 43.1 321
12.50 46.4 46.3 321
13.50 49.9 49.8 285
14.50 53.5 53.4 277
15.50 56.8 56.7 302
16.50 59.9 59.8 322
17.50 63.2 63.1 302
18.50 66.6 66.5 294
19.50 69.6 69.5 333
20.50 72.6 72.5 333
21.50 75.5 75.4 344
22.50 78.6 78.5 322
23.50 81.4 81.3 357
24.50 84.2 84.1 357
25.50 87.1 87.0 344
26.50 90.1 90.0 333
27.50 93.0 92.9 345
28.50 96.0 95.9 333

31-Aug-22

0.98 m
Wood 2.4 m Beam



THURBER

Client:
Test ID:
Site:
Location:

MoTI
MRH22-SEG2-06

Highway 1, Abbotsford
264th Street to Whatcom Road - Segment 2

VELOCITY PROFILE

Date:

Source Offset:

Source:

MRH22-SEG2-06 Shear Wave Velocity (m/s)

50

100

150

200

250

300

350

400

31-Aug-22

0.98 m
Wood 2.4 m Beam

450

10

Depth (m)
o

20

25 r

30

Shear wave velocity measurements by Thurber Engineering Ltd.



MOTI-SOIL-REV3_EL. 1 DECIMAL PLACE 32079_FRASER VALLEY HWY 1 CORRIDOR.GPJ MOTI_DATATEMPLATE_REV3.GDT 23-12-20

Drill H

ole #: SCPT22-SEG 2-01

Date(s) Drilled: 2022-04-21
Company: OnTrack

) SUMMARY LOG
Ministry of - . N
BriTiSH | Transportation Project: Fraser Valley Highway 1 Corridor Improvement
COLUMBIA  and Infrastructure | Location: Abbotsford, BC
Prepared by: ) ) 32079 | Datum: UTM-Nad83 Alignment:
Thurber Engineering Ltd. Northing/Easting: 5434030 , 545203 Station/Offset:

Driller: Andrew
Drill Make/Model: MPP Geoteck 60

Logged by: SY Reviewed by: ANR | Elevation: 90.6 m Coordinates taken with GPS Drilling Method: SCPT/Solid Stem Auger
X Pocket Penetrometer 3 Shear Strength (kPa) | L S o = €
= 1) 100 200 300 400 ol O |0 o =
El 22 clZ1xe = COMMENTS g
= 38 w| (&S SOIL i TESTING =
| 2= Ja > e S
o <
L g ks ASPT"N' (BLOWS/300 mm) A % <§( 8 = DESCRIPTION ﬁ ) ) >
a P Wp% W% W% <|lw|mlo < Drillers Estimate w
T 20 80 (2] x| O {G%S %F %} w
-0 M ASPHALT. / 0.08m—— ]
N °6 SP - SAND and GRAVEL,; fine to coarse B
B P ~.| grained, well graded, brown (FILL); ]
N -@.| non-cohesive, moist. 90
B e 0.76m— ]
B CL - SILTY CLAY, some to trace sand, ]
—1 trace gravel; medium plasticity; fine to ]
B medium grained sand, grey; cohesive, i
i 1 w>PL, firm to stiff. CL | Atterberg (Sa#1): :
C PL:19% LL:39% ]
-2 ]
5 ”
-3 ]
:
- 2 cL ]
4 ]
5 "
= ]
5 *
-6 ]
N 6.55m—— 1
n CL - SILTY CLAY, trace sand; medium " 84
- 3 plasticity; fine grained sand, grey; CL | Atterberg (Sa3): i
7 cohesive, w<PL, stiff to very stiff. PL:19%LL:38% ]
5 *
-8 ]
:
-9 ]
81
L 10 g ]
Legend . 8 g g x Legend 3 ) ; Final Depth of Hole: 18.3 m
Sample [DlA Auger DjéBBecker |]:|C Core |:|G Grab QV Vane neialation: Sand E]Grout Cement .Bentonlte Depth to Top of Rock:
Type: L#-Lab S-Split 0-Odex W-Wash T-Shelby 77 Drill . §
Sample IZSpoon |:I(air rotary) (mud return) [m]Tube Cuttings [ﬁ:lSIotted 23 Slough @Plezometer Page 1 of 2




MOTI-SOIL-REV3_EL. 1 DECIMAL PLACE 32079_FRASER VALLEY HWY 1 CORRIDOR.GPJ MOTI_DATATEMPLATE_REV3.GDT 23-12-20

) SUMMARY LOG Drill Hole #: SCPT22-SEG 2-01
Ministry of - . . .
BriTiSH | Transportation Project: Fraser Valley Highway 1 Corridor Improvement Date(s) Drilled: 2022-04-21
COLUMBIA  and Infrastructure | Location: Abbotsford, BC Company: OnTrack
Prepared by: ) ) 32079 | Datum: UTM-Nad83 Alignment: Driller: Andrew
Thurber Engineering Ltd. Northing/Easting: 5434030 , 545203 Station/Offset: Drill Make/Model: MPP Geoteck 60
Logged by: SY  Reviewed by: ANR | Elevation: 90.6 m Coordinates taken with GPS Drilling Method: SCPT/Solid Stem Auger
X Pocket Penetrometer 3 Shear Strength (kPa) | L S o = €
= 100 200 300 400 ol O |0 o =
£ [OF7) ZlZ2 =2 = z
= | z3 w |l s SOIL S COMMENTS o)
= | 25 SERE DESCRIPTION S| TESTWG z
w | AR ASPT"N' (BLOWS/300 mm) A < Z18|2 &a _ , =
a P Wp% W% W% <|lw|mlo < Drillers Estimate w
T 20 80 (2] x| O {G%S %F %} w
- 10 mE CL - SILTY CLAY, trace sand; medium B 1
B plasticity; fine grained sand, grey; ]
N cohesive, w<PL, stiff to very stiff. B
B (continued) 80—
11 ]
5 ™
12 !
- 12.5m—— ]
- ML - SILT, trace to some sand; low 78
B plasticity; fine to medium grained sand, ]
B grey; cohesive, w>PL, firm. B
__13 131 1mMLISM Atterberg (Sa#5): ]
- CL - SILTY CLAY, trace sand, trace ' PL:15% LL:18% :
B gravel; medium plasticity; fine grained ]
i sand, grey; cohesive, w>PL, firm to stiff. CcL -
14 ]
N CL | Atterberg (Sa#7): ]
- PL:18% LL:35% 76_-
15 ]
5 i
_—16 CL i
5 74
17 ]
5 ™
18 ]
[ 18.29m—— ]
- End of auger hole at 18.3 m depth E
¥ 727
19 ]
7
[ 50 ]
Legend Legend ? NZ i Final Depth of Hole: 18.3 m
Sample neialation: Sand E]Grout Cement .Bentonlte Deppth to Top of Rock:
Type: L#-Lab S-Split 0-Odex W-Wash T-Shelby 77 Drill . §
Sample IZSpoon |:I(air rotary) (mud return) [m]Tube Cuttings [ﬁ:lSIotted 23 Slough @Plezometer Page 2 of 2




DEPTH (m)

N

TIP RESISTANCE
qt (bar)
0 50 100 150 200

Sounding: SCPT22-SEG 2-01

Client: Thurber Engineering Ltd.

21-Apr-2022

Project: Trans-Canada Fraser Valley - Highway 1

Improvements

SLEEVE FRICTION
fs (bar)

0.5 1 15 2 0 1

FRICTION RATIO
Rf (%)

5 6 -10

20

PORE PRESSURE
U2 (m H20)

50 80 110 140

SOIL BEHAVIOR TYPE*
SBTn

01 2 3 4 5 6 7 8

Drilled out to 1.00 m

Drilled out to 1.00 m

s

J/

—_—

s
;

./’\J N A

W/

=
=
:

>

i

WY

A

W

10

11

RIS/ R

12

N YaN 1NN

n/

Refusal at 11.90 m
13

Refusal at 11.90 m

14

15

16

17

18

19

20

* Based on Robertson et. al 1990

W 1. Sensitive Fine Grained [ 4. Clayey Silt to Silty Clay
[ 5. Silty Sand to Sandy Silt
[ 6. Clean Sand to Silty Sand [ 9. Very Stiff Fine Grained

[ 2. Organic Material
[l 3. Clay to Silty Clay

[ 7. Gravely Sand to Sand
[l 8. Very Stiff Sand to Clayey Sand

Depth Increment: 0.05 m
Geodetic Elevation: N/A

Cone ID: DDG1522
Operator: CS

Maximum Depth: 11.90 m




_ONTRACK

Sounding: SCPT22-

SEG 2.01 Client: Thurber Engineering Ltd.

An earth0RILUNG Company 21-Apr-22 Project: Trans-Canada Fraser Valley - Highway 1
Improvements
Seismic Source: Beam Geodetic Elevation: N/A
Source to cone (m): 1.2 Cone ID: DDG1522
Operator: CS
Shear Wave Velocity Data (Vs)
Depth Geophone Ray Path Ray Path . Time Shear Wave Velocity
m) Depth (m) Difference (m) Difference Vs (m/s)
(m) (ms)
3.01 2.81 3.06
4.00 3.80 3.98 0.93 3.79 245
4.98 4.78 4.93 0.94 3.69 256
6.00 5.80 5.92 0.99 3.71 268
7.01 6.81 6.91 0.99 3.87 256
8.00 7.80 7.89 0.98 3.71 263
9.09 8.89 8.97 1.08 3.44 314
10.04 9.84 9.91 0.94 3.40 277
11.02 10.82 10.89 0.97 3.44 283
11.93 11.73 11.79 0.90 3.13 290




Shear Wave Velocity (m/s)

Tip Resistance qt (bar)

400

300

200

100

i sl it Snieleeleid ettt St sl Sl Al sttty Sl

4
5

(w) yadag

. . S

14
15

Geophone depth gt (bar)

Vs (m/s)

L



MOTI-SOIL-REV3_EL. 1 DECIMAL PLACE 32079_FRASER VALLEY HWY 1 CORRIDOR.GPJ MOTI_DATATEMPLATE_REV3.GDT 23-12-18

o ) SUMMARY LOG Drill Hole #: CPT22-SEG 2-15
Ministry of . . .
BriTiSH | Transportation Project: Fraser Valley Highway 1 Corridor Improvement Date(s) Drilled: 2022-12-15
COLUMBIA  and Infrastructure | Location: Abbotsford, BC Company: OnTrack
Prepared by: ) ) 32079 | Datum: UTM-Nad83 Alignment: Driller: Andrew
Thurber Engineering Lid. Northing/Easting: 5434086 , 545204 Station/Offset: Drill Make/Model: MPP Geoteck 60
Logged by: RIT  Reviewed by: ANR | Elevation: 91.2m Coordinates taken with GPS Drilling Method: CPT/Solid Stem Auger
X Pocket Penetrometer 3 Shear Strength (kPa) | L S o = €
_ 100 200 300 400 ol O &0 o =
£ [OF7) ZlZ2 (x| a = z
= | z3 w x|l s SOIL S COMMENTS o)
E j 'i: ~+ Natural Vane (KPa) @ Remold Vane (KPa) H EI g 5 D ESC Rl PT'ON L TESTING E
w| AR ASPT'N' (BLOWS/300 mm) A < Z18|2 A _ , =
[a) P Wp% W% W% Z| o ol o < Drillers Estimate H
T 20 80 (2] x| O {G%S %F %} w
-0 M \SPHALT. 0.1ml— o]
N SP - SAND, gravelly, trace to some silt, ]
R -, -1 brown (FILL), moist. i
C GW- 1
B > 1.3Tm— ]
R CL - SILTY CLAY, trace sand; none to i
R low plasticity, brown; cohesive, w>PL, ]
= very stiff. e
- CL | Atterberg (Sa#2): B
2 PLi17% LL:31% 1
B 89
- oL ]
—3 . 3.05m—— N
R CL - SILTY CLAY, trace sand; medium 88—
N plasticity, grey; cohesive, w>PL, very stiff b
B to stiff. ]
N cL ]
4 ]
¥ 877
-5 ]
B 86
n cL ]
[ CL - SILTY CLAY, trace sand; low plastic, ]
—6 grey; cohesive, w>PL, stiff. ]
C CL | Atterberg (Sa#6): ]
- 7 PL:19% LL:33% ]
B 84—
B - 7.32m— ]
N CL - SILTY CLAY, trace sand; medium ]
B plasticity, grey; cohesive, w>PL, stiff to CL | Atterberg (Sa#7): ]
- very siff. PL:21% LL:40% 1
-8 ]
B cL ]
-9 ]
¥ 827
- 10 Z s : .
é—:%;)il (3] A-Auger DjESBecker |:[|C Core |:|G Grab QV-Vane :-Fesstl:%;tion' Sand  [“]crout R]cement [ Bentonite Final Depth of Hole: 15.2m
i i ; Depth to Top of Rock:
Type: L#-Lab S-Split 0-Odex W Wash T-Shelby 77 Drill .
Sample IZSpoon B(air rotary) mud return) [m]Tube Cuttings E]Slotted lough @Plezometer Page 1 of 2




MOTI-SOIL-REV3_EL. 1 DECIMAL PLACE 32079_FRASER VALLEY HWY 1 CORRIDOR.GPJ MOTI_DATATEMPLATE_REV3.GDT 23-12-18

o ) SUMMARY LOG Drill Hole #: CPT22-SEG 2-15
Ministry of . . .
BriTiSH | Transportation Project: Fraser Valley Highway 1 Corridor Improvement Date(s) Drilled: 2022-12-15
COLUMBIA  and Infrastructure | Location: Abbotsford, BC Company: OnTrack
Prepared by: ) ) 32079 | Datum: UTM-Nad83 Alignment: Driller: Andrew
Thurber Engineering Ltd. Northing/Easting: 5434086 , 545204 Station/Offset: Drill Make/Model: MPP Geoteck 60
Logged by: RIT  Reviewed by: ANR | Elevation: 91.2m Coordinates taken with GPS Drilling Method: CPT/Solid Stem Auger
X Pocket Penetrometer 3 Shear Strength (kPa) | L S o = €
= 100 200 300 400 ol O |0 o =
£ [OF7) ZlZ2 =2 = z
= | z3 w |l s SOIL < COMMENTS o)
E j 'i: ~+ Natural Vane (KPa) & Remold Vane (KPa) H EI g 5 DESCR' PT'ON E TESTING E
w | AR ASPT'N' (BLOWS/300 mm) A < Z18|2 &a _ , =
a P Wp% W% W% <|lw|mlo < Drillers Estimate w
T 20 80 (2] x| O {G%S %F %} w
- 10 mE CL - SILTY CLAY, trace sand; medium CL | Atterberg (Sa#9): 1
B plasticity, grey; cohesive, w>PL, stiff to PL:18% LL:38% 81
N very stiff. (continued) ]
11 ]
¥ 80
5 o ]
5
B 79
:—13 cL E
14 :
¥ L
5 o ]
15 ]
i 15.24m ——| 76
- End of hole at 15.2 m depth. Hole open to ]
i 14.5 m depth. No water observed. ]
:—16 E
17 ]
B 74
18 ]
B 73
:—19 E
- 72
L 20 i
Legend Legend ® N, i Final Depth of Hole: 15.2 m
Sample neialation: Sand E]Grout Cement .Bentonlte Depth to Top of Rock:
Type: L#-Lab S-Split 0-Odex W-Wash T-Shelby 77 Drill . §
Sample IZSpoon |:I(air rotary) (mud return) [m]Tube Cuttings [ﬁ:lSIotted 23 Slough @Plezometer Page 2 of 2




DEPTH (m)

10

11

12

13

14

15

16

-

ONTRACK

Sounding: CPT22-SEG 2-15

Client: Thurber Engineering Ltd.

Project: Trans-Canada Fraser Valley - Highway 1

earthDRILLING
o =ompany 15-Dec-2022
Improvements
TIP RESISTANCE SLEEVE FRICTION FRICTION RATIO PORE PRESSURE SOIL BEHAVIOR TYPE*
qt (bar) fs (bar) Rf (%) U2 (m H20) SBTn
50 100 150 0.5 1 15 2 0 1 2 3 4 5 6 -10 20 50 80 110 140 01 2 3 45 6 7 8 9
Drilled out to 1.55 m Drilled out to 1.55 m
[ = — [
I—— _ |
— S —— —
<
; Pl Vs =
/ / <( ’ ]
g
r /F: ;> <§. | —
! g [ )
- e )
— E— = I ——
e = e —_—
’/ s c__|>
é <> ‘\:> 2
— q N
{ f f j’
_ L e )
§> e =
/ I — —
( f{ fr i
F ¢ ( %‘
| . ¢ Z\
* Based on Robertson et. al 1990
[ 1. Sensitive Fine Grained [l 4. Clayey Silt to Silty Clay [ 7. Gravely Sand to Sand Depth Increment: 0.05 m Cone ID: DDG1521
[ 2. Organic Material [@ 5. Silty Sand to Sandy Silt [l 8. Very Stiff Sand to Clayey Sand Geodetic Elevation: N/A Operator: RS

Il 3. Clay to Silty Clay

[ 6. Clean Sand to Silty Sand [ 9. Very Stiff Fine Grained

Maximum Depth: 15.30 m




MOTI-SOIL-REV3_EL. 1 DECIMAL PLACE 32079_FRASER VALLEY HWY 1 CORRIDOR.GPJ MOTI_DATATEMPLATE_REV3.GDT 23-12-18

SUMMARY LOG

Dri

| Hole #: TH22-SEG 2-70

Ministry of
BRITISH 'Ii'ansp_c_n'tation
COLUMBIA  and Infrastructure | Location: Abbotsford, BC

Project: Fraser Valley Highway 1 Corridor Improvement

Date(s) Drilled: 2022-12-12
Company: OnTrack

Prepared by: 32079

Thurber Engineering Ltd.

Datum: UTM-Nad83
Northing/Easting: 5434171 , 545154

Alignment:
Station/Offset:

Driller: Andrew
Drill Make/Model: Diedrick D-120

Logged by: HG ~ Reviewed by: ANR | Elevation: 96.9 m Coordinates taken with GPS Drilling Method: DCPT/Solid Stem Auger
X Pocket Penetrometer 3 Shear Strength (kPa) | L S o = €
= 100 200 300 400 ol O |0 o =
£ [OF7)) i Z|>|m = b4
= | z3 w |l s SOIL S COMMENTS o)
E j 'i: ~+ Natural Vane (KPa) & Remold Vane (KPa) H EI g 5 DESCR' PT'ON L TESTING E
w| AR ASPT'N' (BLOWS/300 mm) A < Z18|2 &a _ , =
a P Wp% W% W% <|lw|mlo < Drillers Estimate w
T 20 80 (2] x| O {G%S %F %} w
i 0 2 ¥ TS - SAND AND ORGANICS, some ]
N 4 gravel, brown; non-cohesive. ]
C L - 0.61m—— i
i °-[1| GM/SM - SAND AND GRAVEL, silty to ]
B X ‘B some silt, trace organics; sub-angular to 96
—1 B 1 %[ || sub-rounded, 7 mm max. size gravel; fine GM/SM E
B oI Pl to medium grained sand, brown-grey; ]
R {- [} non-cohesive, moist, compact. E
- ol ]
L o P ]
- ‘ 1.83m——
F CL- SILTY CLAY, sandy to some sand, m 97
- : some gravel, trace organics; sub-angular, ]
B : 19 mm max. size gravel; fine grained E
- e sand, brown-grey; cohesive, w>PL, very ]
B - B 2 soft to firm. cL ]
- 94—
—3 ]
- 3.35m—— 1
N CL - SILTY CLAY, some to trace sand, " ]
N trace organics; medium plasticity, i
B brown-grey; cohesive, firm to very stiff. 93]
4 ]
B CL ]
: 92
=5 | | P ]
T R . H 4 cL ]
B B 91
[ 6 . i
| . 08— b
N - - - << <5< B V2 ]
T s 90
-7 ]
o e - 801
—8 ]
- - E 5 - trace gravel at 8.0 m depth CL ]
- 86
_g .......... .. :
B le | ]
N £ V3 ]
- 10 } ,,,,,, Ll 87—_
Legend 3 Legend N, i Final Depth of Hole: 19.8 m
Sample [DlA -Auger D:lB Becker |]:|C Core |:|G Grab QV Vane neialation: Sand E]Grout Cement .Bentonlte Depth to Top of Rock:
Type: L#-Lab S-Split 0-Odex W Wash T-Shelby 77 Drill . :
Sample IZSpoon |:|(air rotary) mud return) [m]Tube Cuttings [ﬁ:lSIotted 23 Slough @Plezometer Page 1 of 3




MOTI-SOIL-REV3_EL. 1 DECIMAL PLACE 32079_FRASER VALLEY HWY 1 CORRIDOR.GPJ MOTI_DATATEMPLATE_REV3.GDT 23-12-18

_BRITISH
COLUMBIA

SUMMARY LOG

Dri

| Hole #: TH22-SEG 2-70

Ministry of
Transportation
and Infrastructure

Project: Fraser Valley Highway 1 Corridor Improvement
Location: Abbotsford, BC

Date(s) Drilled: 2022-12-12
Company: OnTrack

Prepared by:
Thurber Engineering Ltd.

32079 | Datum: UTM-Nad83

Northing/Easting: 5434171 , 545154

Alignment:
Station/Offset:

Driller: Andrew
Drill Make/Model: Diedrick D-120

Logged by: HG ~ Reviewed by: ANR | Elevation: 96.9 m Coordinates taken with GPS Drilling Method: DCPT/Solid Stem Auger
X Pocket Penetrometer 3 Shear Strength (kPa) | L S o = €
= 100 200 300 400 ol O |0 o =
£ [OF7) ZlZ2 =2 = z
= | z3 w |l s SOIL < COMMENTS o)
E j 'i: ~+ Natural Vane (KPa) & Remold Vane (KPa) H EI g 5 D ESC Rl PT'ON E TESTING E
w | AR ASPT'N' (BLOWS/300 mm) A < Z18|2 &a _ , =
[a) P Z| ool o < Drillers Estimate w
T N x| o {G %S % F %} f}
- 10 CL - SILTY CLAY, some to trace sand, ]
B N 6 trace organics; medium plasticity, cL ]
B N brown-grey; cohesive, firm to very stiff. i
B (continued) ]
- 86
11 1
B 7 cL ]
B 85—
12 1
- 84—
—13 ]
¥ 8 cL
- 83+
—14 ]
: 82
—15 ]
i - trace gravel at 15.0 m depth i
N 9 cL ]
—16 ]
- 80
17 1
- 79+
18 1
- 78+
—19 ]
¥ 10 cL
a 19.81m— 77_-
- 20 i B End of hole at 19.8 m depth. E
Legend . ! g g x Legend ) ; Final Depth of Hole: 19.8 m
Sample [DlA Auger D:lB Becker |]:|C Core |:|G Grab QV Vane neialation: Sand E]Grout Cement .Bentonlte Deppth o Top of Rock:
Type: L#-Lab S-Split 0-Odex W-Wash T-Shelby 77 Drill . :
Sample IZSpoon |:|(air rotary) (mud return) [m]Tube Cuttings [ﬁ:lSIotted 23 Slough @Plezometer Page 2 of 3




MOTI-SOIL-REV3_EL. 1 DECIMAL PLACE 32079_FRASER VALLEY HWY 1 CORRIDOR.GPJ MOTI_DATATEMPLATE_REV3.GDT 23-12-18

i ) SUMMARY LOG Drill Hole #: TH22-SEG 2-70
Ministry of . . .
BriTiSH | Transportation Project: Fraser Valley Highway 1 Corridor Improvement Date(s) Drilled: 2022-12-12
COLUMBIA  and Infrastructure | Location: Abbotsford, BC Company: OnTrack
Prepared by: ) ) 32079 | Datum: UTM-Nad83 Alignment: Driller: Andrew
Thurber Engineering Ltd. Northing/Easting: 5434171 , 545154 Station/Offset: Drill Make/Model: Diedrick D-120
Logged by: HG ~ Reviewed by: ANR | Elevation: 96.9 m Coordinates taken with GPS Drilling Method: DCPT/Solid Stem Auger
X Pocket Penetrometer 3 Shear Strength (kPa) | L S o = €
= 100 200 300 400 ol O |0 o =
E| Qn AL = z
I % <=(| mlw 5 E SOIL S COMMENTS o
e i + Natural Vane (KPa) @ Remold Vane (KPa) |7 | & | =>| @ L TESTING =
o <
w | AR ASPT'N' (BLOWS/300 mm) A < Z18|2 DESCRIPTION &a _ , =
a P Wp% W% W% <|lw|mlo < Drillers Estimate w
T 20 80 (2] x| O {G%S %F %} w
- 20 ]
- 76+
21 1
: 75
22 1
- 74
—23 ]
- 73+
—24 ]
: 72
—25 ]
B 71
—26 ]
- 70+
27 1
- 69—
28 1
- 66—
—29 ]
50 S RS SRR SRS RRR RS 67—_
é—:%%g [[J]a-Auger [[]B-Becker [J]c-Core  [C]G-Grab  []v-Vane :-Fes%a%:tion' [<fsand  []erout R<]cement [JBentonite Final Depth of Hole: 19.8 m
' : ; Depth to Top of Rock:
Type: L#-Lab S-Split 0-Odex rrzgW-Wash T-Shelby 77 Drill A
Sample IZSpoon |:I(air rotary) (mud return) [m]Tube Cuttings [ﬁ:lSIotted 23 Slough Plezometer Page 3 of 3




MOTI-SOIL-REV3_EL. 1 DECIMAL PLACE 32079 _FRASER VALLEY HWY 1 CORRIDOR.GPJ MOTI_DATATEMPLATE_REV3.GDT 23-12-18

o ) SUMMARY LOG Drill Hole #: TH22-SEG 2-71
Ministry of A N N
BRITISL  ITransportation Project: Fraser Valley Highway 1 Corridor Improvement Date(s) Drilled: 2022-12-12
COLUMBIA  and Infrastructure | Location: Abbotsford, BC Company: OnTrack
Prepared by: ) ) 32079 | Datum: UTM-Nad83 Alignment: Driller: Andrew
Thurber Engineering Ltd. Northing/Easting: 5434117 , 545196 Station/Offset: Drill Make/Model: Diedrick D-120
Logged by: RIT  Reviewed by: ANR | Elevation: 98.1m Coordinates taken with GPS Drilling Method: DCPT/Solid Stem Auger
X Pocket Penetrometer X Shear Strength (kPa) | L o S o = €
— o = £
§, 00 100 200 300 400 ﬁ > |s 8 g >
zd w x| s SOIL S COMMENTS o
= | 25 SERE DESCRIPTION S| TESTWG z
w x “DJ S A SPT "N" (BLOWS/300 mm) A % = |9l 3 ) ) =
[a) 0=p [ W% o < |05 < Drillers Estimate 1]
Wp% W % <| v (W = —
T 20 80 (7] x n O {G %S %F %} w
- 0 M ASPHALT. 0.1m— 98—:
N \| GP - GRAVEL and SAND, trace silt, trace E
R - 1organics; sub-angular, 25 mm max. size ]
N 1 -G | gravel; fine to medium grained sand, GP- E
B " ~| brown (FILL); non-cohesive, moist, GM/SP i
" | dense. SM b
_ . 1.07m—— g7
B CL - SILTY CLAY, trace to some sand ]
R . lenses, trace organics; medium plasticity, ]
L RID): grey with oxidation and black staining; CcL ]
R cohesive, w>PL, very stiff. ]
- 1.83m—— ]
[ 5 CL - SILTY CLAY, trace sand lenses, m ]
- trace gray(-.jl; medium.plasticity, grey with 96—
B . black staining; cohesive, w>PL, stiff. ]
N D) CL | Atterberg (Sa#3): ]
N PL:18% LL:35% g
-3 3.05m—— 1
B - , some sand, some ]
CL - SILTY CLAY d 95
N roots, trace gravel; medium plasticity, E
N ] 4 grey with black staining; cohesive, w>PL , CcL ]
[ stiff. ]
- < 3.81m—— -
[ 4 77/] OH - ORGANIC CLAY, sandy to some E
R 7~/ sand, fine to medium grained sand, 94
B " ~] brown to dark brown; cohesive, w>PL, b
B 1D s 7| firm. OH Attert(:]erg (Sa:#S): ]
N % - some oxidation below 4.4 m depth 457ml—| PL3%% LL:52% ]
R CL - SILTY CLAY, sandy to trace sand, ]
- trace gravel; medium plasticity, fine -
5 - grained sand, grey with trace oxidation; 931
i P E 6 cohesive, w>PL, very stiff. cL -
[ 5 ]
X . - some sand below 6.7 m depth :
- D] 7 P ombeL 1
N CL - SILTY CLAY, trace to some sand, 91
B . grey with trace oxidation; cohesive, ]
i RPN w>PL, stiff to very stiff. cL ]
—8 - stiff sand lenses below 7.9 m depth 90_:
: ; E 9 CL | Atterberg (Sa#9): ]
9 o PL:18% LL:36% 801
B End of hole at 9.2 m depth. Hole open to ]
B 8.5 m depth. Water observed at 8.2 m B
B depth upon completion of drilling. ]
- 10 . : 1 K : : 1 : ]
é—:%%g [[JA-Auger [[]B-Becker [J]c-Core  [C]GGrab [ ]v-Vane ﬁ%:lllat:ion: [-sand  [Jcrout < cement [ Bentonite Fmal[l):)eepF:Lhtngl—(i::)lif 230:1
Type: L#-Lab S-Split 0-Odex W-Wash T-Shelby 77 Drill D . :
Sample IZSpoon E(air rotary) (mud return) D]]]Tube Cuttings E]SIotted 23 Slough @Plezometer Page 1 of 1




MOTI-SOIL-REV3_EL. 1 DECIMAL PLACE 32079_FRASER VALLEY HWY 1 CORRIDOR.GPJ MOTI_DATATEMPLATE_REV3.GDT 23-12-18

o ) SUMMARY LOG Drill Hole #: TH22-SEG 2-72
Ministry of . . .
BRITISH -,-,.aﬂsp.(_;l.t.mm Project: Fraser Valley Highway 1 Corridor Improvement Date(s) Drilled: 2022-12-12
COLUMBIA  and Infrastructure | Location: Abbotsford, BC Company: OnTrack
Prepared by: ) ) 32079 | Datum: UTM-Nad83 Alignment: Driller: Andrew
Thurber Engineering Ltd. Northing/Easting: 5433993 , 545195 Station/Offset: Drill Make/Model: Diedrick D-120
Logged by: RIT  Reviewed by: ANR | Elevation: 96.4 m Coordinates taken with GPS Drilling Method: DCPT/Solid Stem Auger
X Pocket Penetrometer 3 Shear Strength (kPa) | L S o = €
= 100 200 300 400 alo |0 S <
£ [OF7) ZlZ2 =2 = z
= | z3 w |l s SOIL < COMMENTS o)
= | 25 SERE DESCRIPTION L) TESTNG z
w | AR ASPTN' (BLOWS/300 mm) & 12182 & _ , =
a P Wp% W% W% <|lw|mlo < Drillers Estimate w
T 20 80 (7] x (2] O {G %S %F %} w
i 0 H, \ASPHALT. 0.1m— ]
N \l GM - GRAVEL and SAND, some silt, 961
R - 1trace organics; sub-angular, 25 mm max. E
N -Q | size gravel, fine to medium grained sand, ]
= ‘6 brown (FILL); non-cohesive, moist, GM/SM ]
[ ] compact. ]
N 95—:
- -2 1.98m—— ]
= 2 11| ML - SILT and SAND, trace organics; m B
N 11| coarse grained sand, brown with trace PMIML Atterberg (Sar#2): ]
L '}| oxidation; non-cohesive, moist, very soft PL:25% LL:32% 94
N 11 to soft. 2.59mf—— p
N CL - SILTY CLAY, trace sand; medium ]
[ 5 plastiqity, grey with trace qxidation; cL ]
R cohesive, w>PL, firm to stiff. -
[ 93_:
C CL | Atterberg (Sa#4): ]
—4 PL:19% LL:32% ]
[ 92—:
N 4.88m|—| 1
5 CL - SILTY CLAY, sandy to some sand; B
K low plasticity, brown; cohesive, w>PL, ]
- stiff. 533 L 7
B .99M 91
- CL - SILTY CLAY, some sand lenses, ]
B some to trace organics; medium i
i plasticity, brown; cohesive, w>PL, very CL | Atterberg (Sa#6): ]
-6 stiff to hard. PL:19% LL:34% 1
[ cL 907
- 6.71m—— i
N CL - SILTY CLAY, sandy to some sand; ]
L7 medium plasticity, fine grained sand, E
N grey; cohesive, w>PL, stiff to hard. ]
: cL 8-
B iE - - 7.62m— ]
N 1|1/ ML - SILT and SAND; fine grained sand, ]
= 1| grey; cohesive, w>PL, compact. B
_—8 ML/SM ]
n 86
N - 8.53m—— ]
B CL - SILTY CLAY, trace sand; medium ]
- plasticity, grey; cohesive, w>PL, very stiff. oL ]
i 4m— R
R End of hole at 9.2 m depth. Hole open to i
B 7.9 m depth. Water observed at 7.5 m 87
B depth upon completion of drilling. -
= 10 N - .. . -
Legend y 5 Legend N i Final Depth of Hole: 9.1 m
Sample [DlA -Auger D:lB Becker |]:|C Core |:|G Grab QV Vane neialation: Sand E]Grout Cement .Bentonlte Depth to Top of Rock:
Type: L#-Lab S-Split 0-Odex W Wash T-Shelby 77 Drill DA . :
ESampIe IZSpoon |:|(air rotary) mud return) [m]Tube Cuttings [ﬁ:lSIotted 23 Slough @Plezometer Page 1 of 1




MOTI-SOIL-REV3_EL. 1 DECIMAL PLACE 32079_FRASER VALLEY HWY 1 CORRIDOR.GPJ MOTI_DATATEMPLATE_REV3.GDT 23-12-18

o ) SUMMARY LOG Drill Hole #: TH22-SEG 2-73
Ministry of . . .
BriTiSH | Transportation Project: Fraser Valley Highway 1 Corridor Improvement Date(s) Drilled: 2022-12-12
COLUMBIA  and Infrastructure | Location: Abbotsford, BC Company: OnTrack
Prepared by: ) ) 32079 | Datum: UTM-Nad83 Alignment: Driller: Andrew
Thurber Engineering Ltd. Northing/Easting: 5434019 , 545200 Station/Offset: Drill Make/Model: Diedrick D-120
Logged by: RIT  Reviewed by: ANR | Elevation: 90.5m Coordinates taken with GPS Drilling Method: DCPT/Solid Stem Auger
X Pocket Penetrometer 3 Shear Strength (kPa) | L S o = €
= 100 200 300 400 ol O |0 o =
£ [OF7)) i Z|>|m = b4
= | z3 w |l s SOIL < COMMENTS o)
= | 25 SERE DESCRIPTION L) TESTNG z
w | AR ASPTN' (BLOWS/300 mm) & < Z18|2 &a _ , =
a P Wp% % W% <|lw|mlo < Drillers Estimate w
T 2 80 n x|® o {G % S % F %} ]
-0 M ASPHALT. e :
- TS| - SP - SAND, gravelly, trace silt; op- 1
B .. ~.| sub-rounded to sub-angular, 25 mm max. GMISP 90—
N 7— size gravel, fine to medium grained sand, | 0.61mgyr ]
B brown (FILL); non-cohesive, moist, ]
[ dense. ]
N 2 CL - SILTY CLAY, trace sand, trace CL | Atterberg (Sa#2): ]
- gravel; low plasticity, grey; cohesive, PL:19% LL:36% i
E w>PL, very stiff. 89—:
-2 ]
B 3 cL ]
¥ 867
= ]
5 7
: 4 cL ]
4 ]
- o . - 4.42m—| ]
i 1111 SM - SAND and SILT; fine grained sand, 86
= 11| grey; non-cohesive, moist to wet, E
K 't| compact. ]
5 5 ! sm/mL ]
[ ; , 5.18m—— ]
- CL - SILTY CLAY, trace sand; medium E
B plasticity, grey; cohesive, w>PL, very stiff. 851
- 6 cL
-6 ]
B - trace to some sand lenses between 6.1 B
N and 8.5 m depth ]
¥ 847
-7 ]
[ 7 cL ]
5 8-
-6 ]
5 82-
9 8 14m|CL_| Atterberg (Sa#g): ]
N End of hole at 9.2 m depth. Hole open to PL:A9% LL:37% ]
B 4.6 m depth. Water observed at 9.2 m E
B depth upon completion of drilling. 81
= 10 B ‘ -
Legend 3 Legend NZ i Final Depth of Hole: 9.1 m
Sample [DlA -Auger D:lB Becker |]:|C Core |:|G Grab QV Vane neialation: Sand E]Grout Cement .Bentonlte DepF:h to Top of Rock:
Type: L#-Lab S-Split 0-Odex W Wash T-Shelby 77 Drill . :
Sample IZSpoon |:|(air rotary) mud return) [m]Tube Cuttings [ﬁ:lSIotted 23 Slough @Plezometer Page 1 of 1
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7] TP24-8  TESTPIT LOCATION (APPROX.)
2.38m TROW ASSOCIATE INC. 2004

S e e _ = NG R o = [
y - e 17/0 e T oo X DENOTES FILL DEPTH

AHD4-|  AUGERHOLE LOCATION (APPROX.)
26\m TROW ASSOCIATE INC. 2224

DENOTES FILL DEPTH
+ @ PREVIOUS TESTHOLES BY OTHERS

REFERENCE DRAUING BY
McELHANNEY CONSULTING
E-MAIL DATED APR. 21 2024

. = NN e

T

ING. e s v s ie b8 | i s MGELHANNEYCONSUTNG TESTHOLE LOCATION PLAN
7025 Gcr:eenwood Street, Burnoby, ;R|0R wRIT[ETp:J( B?NSENT' IT IS THE I PROJECT MOUNT LEHMAN INTERCHANGE
iti i ESPONSIBILI THE CONTRACTOR TO — —— ———
ShiaiRsagl ol iy VERIFY ALL EXISTING DIMENSIONS AND HIGHWAY #1 & MOUNT LEHMAN, ABBOTSFORD, B.C
Fox: 6048742358 TROW ASSOCIATES NG, OF SN 51SCREPANGIES PRI e Plhg ™ ™ il e P
5 = g : Y M | = L e — —— L | 2 ; 7 )
o A e o A P == | 04101211 | SY. | D.BH. .‘ | JUNE 2004 1:2000 041-01211-01
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gy SR et SUMMARY LOG

Project: HWY 1: MOUNT LEHMAN INTERCHANGE PROJECT
Location: SOUTH SIDE OF MT. LEKMAN OP & HWY 1 EB

Geotechnical and
Materials Engineering

TEST HOLE No.
TH94-15

Elevation: -
Driller: M. CHOQUETTE Method: B53 Dates: 1994-06-06
@ _ w - Index c
o ~ S = E % Gradation % | o roperties 8 2
[ T
A E | 2 E = [ o Deseription o
Details = |21 8 2 Lo | B " = —
=4 [a [ ‘O [
(5| 81 8| 28 8|58 || B 2
O 9] om 14 wn | O]jwn]| i (& O
10
—11 {Dense, brown granular fill material) —
™ S N - .
-2 213m4 |
—3 s| 38 |os51 317 %0 22| cr —
— 4 —
. S 48 0.30 - i0 | 90 21 CL ]
— 5 —
—6 s| 72 {os1 - |30 70 171 oL -
—7 —
I —
& S 68 0.46 - 5 195 18 CL B
o —8 1
2]
7] Brown to grey CLAY, trace sand, trace grave], -1
—9 low to trace organics, +P.L., L.L. Sand seams | __|
S 52 0.61 - 5195 17 CL (Hard/very stiff
i S| 41 |o048 -l 2] 23| cL ]
—11 —
12 [s| 36 |os1 11297 20] oL T
— 13 —
| s| 22 |ost HERE 22| cL i
—114 ]
15 S 24 0.61 1 1] 98 20 CcL
15.54 m
15.54 m END OF HOLE ]
— 16
—17 —
18
SAMPLE TYPE SHEAR STRENGTH kPa TESTS FILE No.
A - Auger U - Unconfined Tv - Torvane M - Mechanical Analysis NOTE:
C - Core Compression  Pp - Pocket Q,R.,S - Triaxial Compression -
D - Denison Fv - Field Vane Penetrometer C - Conselidation PARENTHESIS EPARED By
?_ - gﬁliln?p{gon Lv - Lab Vaglde g Tr - Residual W V[\JIS - E}reg:é Sphlear L ) DENOTE PR Y.
- Sheiby Tube R - Remouide , - Liquid, Plastic Limits RILLER'S
o - Wash L "\ - Moisture Content ESTIMATE S. TOMLINSON
ag - Gra
lk_-_Biock Blowgount - Standard Penetration Test (ASTM-1586) SHEET 1 OF 1
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g Brast s, SUMMARY LOG

and Highways
Project: HWY 1: MOUNT LEHMAN INTERCHANGE PROJECT

(Geotechnical and| TEST HOLE No.

Materials Engineering

TH94-16

A

Location: MEDIAN WB EAST OF MT. LEHMAN SOUTH ABUTMENT Elevation: -
Driller: M. CHOQUETTE Method: VERSA DRILL Dates: 1994-06-08/09
1] — ’cﬁ" . 0 IndEX [ =g
piling | | 2| S| 2|0 Properies | 2 7
Details ‘E’ o § g g - 8 Description 2
= [=2 o G o g | @ B =
B lal 31 8|22 85|28 n || & :
o 03] m [ nn [O|lwv|ic O 'e)
0
7 (Stiff, brown granular material with cobbles) 1
—1 1.07mq —
1 S 10 0.46 112871 27 ML -1
— 2 |
W&W_ } Brown, sandy SILT to SILT, some sand, trace | __|
3 S 19 0.61 30|70 2 ML gravel, trace organics, +P.L., -L. L. Clay lumps|
_ (Stiff to hard) ]
— 4 —
n S 37 0.46 - 18 | 82 18 ML ]
— 5 p—
4 +1tr +r  +r 1 ¢+ 1+ ! ! ———————— 532m |
—6 s| 19 |04 - 1982 2| oL —
-7 —]
x i _
Y LS 16 0.46 1 7 |82 22 CL
o —I8g _
77
—9 s| 17 | o045 - | 65 | o4 21| cL -
— 10 Grey CLAY, trace sand, trace gravel, trace =
- organics, +P.L., -L.L. Small sand seams. (Very| -4
s 13 0.6 - 2 |98 22 CL stiff/stiff, trace rock)
112 161 14 | osf 1|4 o5 2| oL |
—13 —
] s| 13 | o6 117 |e2 2| oL ]
—114 ]
A st 6 st - 1298 23| cL
15.54 m
15.54 m END OF HOLE ]
— 16
—{17 —
18
SAMPLE TYPE SHEAR STRENGTH kPa TESTS FILE No.
A - Auger U - Unconfined Ty - Torvane M - Mechanical Analysis NOTE:
C - Core Compression Pp - Pocket Q.R.S - Triaxial Compression -
D - Denison Fv - Field Vane Penetrometer C - Consolidation PARENTHESIS PREPARED Bv:
? - ggm Spoon  Lv - LRab Vazl'le Tr - Residual w ﬁs . Eirecé S};}ear . ( D) FSEFE%Tg Y-
- Shelby Tube R - Remoulded , - Liguid, Plastic Limits !
W \é\lashy LW I Moisture Content ESTIMATE S. TOMLINSON
ag - Grab

tk_-_Blogk Bloweount -- Standard Penetration Test (ASTM-1586)

SHEET 1 OF 1
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| Test Hole #...1_
31

Flevaetion:

[3 Undisturbed Sample

TEST HOLE 10G

Ty.pe of Egquipment:

Date: February 9 = 11, 1959 ~ Reason:

7.B.

62

Project: Mt, Iehman RA TTﬂHp'r-ppqq

Brid ge Foundation

—% Water Table N - Standard Penetration Test
b Disturbed Sample = : 140# Hemmer - 30" drop.
Depth Lot Gradetion % 4 g % {Fielc
(£f4) | Plo Remarks N |Ciay[5iit|Send|Gravel| L.L.| P.L.| P.I.{M.C.
0
3 - Gravel
gign | Mo ff 19| 19 k5| 33| 3 {27.8] 16.9 11.9 20.0
YL i —Brovn 126 - . e !
1t-pn B Grey 8i 55 19 35 17.G 16.G :..dj:g
Sandy
sot-on | w1 A 1591 21| L6 33 - 26.9|15.9 11,1 13.9
Silt '
26161 99 22.2
3T-pn 63 21,2
B 281 &, ] 18 - [32.4115.9 16.4
36t -6 53 16.k
Lyr-on Clayey 63 ¢ 26.9
Sandy
Silt
s 19.0
L] oBLr.on | J_ 66 20.6



it}

Test Znle Un.2 TvTE Wt _ Irolect My, Iehman P Undervass
Tlevation 313 # Date of Driliira Jan, 20-28 1959
b Undisturbed Sanmple Water N - Standard Penetrastion 140# hammer - 30" arce
. . . Teble Test - .
F Disturbed Sample
: - Sradetion % Tied
Depth (ft|Plot Tema X |Ciav | 813t] S=na 1L.]p.L M.
3 o Gravel
T1-0" ¥L : 73| 16 | bLs 37 16.L 18.2
10t-O" SM 75 22.L
Sangy
Ut-on ML g Silt 100l 20 | L5 | 33 15.1 18.8
191-0m SN m 160 17.8
P— -
251-0n .V.L*Cl. 65 2h.2
31 51 18 16.L 21.7
31'-6¢ ¥1-C 65 21.5
T 3616 ML-CLl Clayey 69 22.6
Silt
28 51 21 16.0 23.3
L1t—on ML~CL &l 23.2
ﬁ 2h.9
Lér—on ML-CL 13l .
501 6n SH T 95 18.5
Silty 8 32 60 - 19.2
g6t -on SM ﬁ Sand 63 21.7
6110 S | 137 23.2
661 —6m M1~CL 73 21.7
TLt-6n lo-cL M Ciayey 98 |25 |52 | 23 16.5 20,5
Silt }
81r-pn A5 73 22,2




el

mmm T D T .
TDET KILE LOG 7.3, 0Z

Test Hole #__ 3 Type of Equipment:

Project: Mh. Iehmen R4 UndP'r‘quq

Elevation: 312 + Date: Fehruary I = §, 1959 Rezson: Pridge Foundstions

Iz; Undisturbed Sample 309

B Water Table N ~ Standard Penetration Test

1Lo# Hammer - 30" drop.

@ Disturbed Sample

Depth Lot R y . Gradation ¢ % 4 % |Fiel
(ft) | Plo emarxs Clay{Silt]Sand|Gravel| L.L.| P.L.| P.I.IM.C
0 -+
Gravel
3 1

Szndy 19.G

silt to
91-6n Silty 18§ 16| L8| hé - | 25.3 17.3 8.0 15.2
sand 26.1
preon L & Crey 130 17.L
1 21| 51} 28 - 27.3 18.9 11.2{17.3
201 .21 82 22.1
251.13r 2| sk 22 - 31.4 17.8 13,2 20.1
7 21.h
30t-11n Clayey 82 21.2
25130 Silt 101 19,8
Lor-1n 63 23.3
271 571 16 - 34.4 17.4 17.9 22,3
Lgtoaan 51 22,7
c1i g | " 22.0
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S

TEST

HOLE LOG

Tzt T=la s, b Twrz of Deuipmant Frofect ¥pr, Lehman Road Under-
. Tass
Elevation. 311 4+ Date of Drilling Jan. P9 - Feh.?, 1959

F Undisturbed Semple

302 Weter N - Standerd Penetration 140% hemmer - 30" dro;
. R Teble Test
. h Disturbed Sample
5 Oradetion % riel
Depth {ft’'|Plot Hemarus P [clev 15:24] 52nd | Gravel | L-L-|2.L.] F.I] 1.C.
L o .
21.0n 631 GT__%El
- 1.2{18.L ] 2.8 16.
grn SM I Silty 371 9 L5 L 2 21.2|18.L L
Sand
; g1-on GMML M and . 1135 2k.1
;_ GT vel ....B - —
A Grey '
o 10" 22 1] 21 - 29.116.8| 12.3 17.
i 2 VI, 107 > 1%’?»
- Sandy
Si1t i | 78| 12 - 31.1{19.5| 11.4 21.9
20121 M3 89 18.5
Silty . .
2Lt -6m SM Sand 129 20.1
4
2 201-6"  |vi-CLE 1| 22 | 58] 20 - |29.7[27.5{ 12.9 19.1
! 361-0n YL W 199
Clayey
L2t -on ML, gilt 109 25.3
W71 eon’ v | 60 21.h
S1t-6v J:L_r 82 22,9
,u-‘




THURBER ENGINEERING LTD.

APPENDIX C SEISMIC HAZARD ASSESSMENT

Summary of SSRA at Mt. Lehman Underpass
2020 NBCC Seismic Hazard Calculation at Mt. Lehman Underpass



V5= 305m/s — SiteClass D

Earthquake Records: 60 in total

» 475-y RP EQ.: 10 Crustal, 10 Inslab, 10 Interface

» 2475-y RP EQ.: 10 Crustal, 10 Inslab, 10 Interface
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8/4/22, 4:14 PM 2020 National Building Code of Canada Seismic Hazard Tool

I * Government Gouvernement
of Canada du Canada

Canada.ca .(Canada.ca) > Natural Resources Canada > Earthquakes Canada

2020 National Building Code of Canada

Seismic Hazard Tool

This application provides seismic values for the design of buildings in
Canada under Part 4 of the National Building Code of Canada (NBC) 2020
as prescribed in Article 1.1.3.1. of Division B of the NBC 2020.

Seismic Hazard Values

User requested values

Code edition NBC 2020
Site designation Xs Xp
Latitude (°) 49.058
Longitude (°) -122.381

Please select one of the tabs below.

NBC 2020 Additional Values Plots API

Background Information

The 5%-damped spectral acceleration (Sa(T,X), where T is the period, in s,
and X is the site designation) and peak ground acceleration (PGA(X))

values are given in units of acceleration due to gravity (g, 9.81 m/s?). Peak

https://www.seismescanada.rncan.gc.ca/hazard-alea/interpolat/nbc2020-cnb2020-en.php?code=nbc2020&latitude=49.058&longitude=-122.381&siteD...

1/3


https://www.canada.ca/en.html
https://www.nrcan.gc.ca/home
https://www.seismescanada.rncan.gc.ca/index-en.php
https://www.canada.ca/en.html
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ground velocity (PGV(X)) values are given in m/s. Probability is expressed

in terms of percent exceedance in 50 years. Further information on the
calculation of seismic hazard is provided under the Background

Information tab.

The 2%-in-50-year seismic hazard values are provided in accordance with
Article 4.1.8.4. of the NBC 2020. The 5%- and 10%-in-50-year values are
provided for additional performance checks in accordance with Article
4.1.8.23. of the NBC 2020.

See the Additional Values tab for additional seismic hazard values,
including values for other site designations, periods, and probabilities not
defined in the NBC 2020.

NBC 2020 - 2%/50 years (0.000404 per annum) probability

Sa(0.2, S.(0.5, Sa(1.0, Xp) Sa(2.0, Xp) Sa(5.0, Xp) Sa(10.0, Xp) PGA(Xp) PGV(Xp)
Xp) Xp)
0.991 1.02 0.725 0.442 0.138 0.0525 0.447 0.661

The log-log interpolated 2%/50 year S;(4.0, Xp) value is : 0.1832
V¥ Tables for 5% and 10% in 50 year values

NBC 2020 - 5%/50 years (0.001 per annum) probability

5,02,  S,05,  S,1.0, S,20,  S,(5.0, S,(10.0, PGA(Xp) PGV(Xp)
Xp) Xp) Xp) Xp) Xp) Xp)

0.736 0.733 0.495 0.273 0.0712 0.0248 0.326 0.43

The log-log interpolated 5%/50 year S,(4.0, Xp) value is : 0.0988

NBC 2020 - 10%/50 years (0.0021 per annum) probability

S.(0.2, S.(0.5, S.(1.0, S.(2.0, S.(5.0, S.(10.0, PGA(Xp) PGV(Xp)
Xp) Xb) Xb) Xb) Xb) Xp)

https://www.seismescanada.rncan.gc.ca/hazard-alea/interpolat/nbc2020-cnb2020-en.php?code=nbc2020&latitude=49.058&longitude=-122.381&siteD...
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s,0.2, .05,  S,1.0, S,2.0, S,(5.0, S,10.0, PGA(Xp) PGV(Xp)
Xp) Xp) Xp) Xp) Xp) Xp)

0.567 0.548 0.353 0.179 0.0436 0.0147 0.247 0.299

The log-log interpolated 10%/50 year S5(4.0, Xp) value is : 0.0615

Download CSV

4= Go back to the seismic hazard calculator form

Date modified: 2021-04-06

https://www.seismescanada.rncan.gc.ca/hazard-alea/interpolat/nbc2020-cnb2020-en.php?code=nbc2020&latitude=49.058&longitude=-122.381&siteD...
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APPENDIX D RESULTS OF LIQUEFACTION ASSESSMENT

CLig Outputs for SCPT22-SEG 2-01, CPT22-SEG 2-15 and MRH22-SEG 2-06
Bray and Sancio (2006) Chart
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LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : SCPT22-Seg 2-01
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 6.00 m Use fill: No Clay like behavior
Fines correction method:  Bg1 (2014) G.W.T. (earthq.): 6.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fil weight: NA Limit depth applied: No
Earthquake magnitude M,: 7,00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  ggpa cor Unit weight calculation: ~ Based on SBT K5 applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
0 0 0
14 1 ) 1
2 2 S 2
3 3 3
4 4 4 \
5 5 5
66— 6 6 -
f" During dartfa.
£ [
5 8 8 8
o) ; =
o 9 9 9
10 10 10
11 11 11
12 12 = 12 "
13 13 13
14 14 14
15 15 15
16 16— 16 . . .
10 20 0 2 4 6 8 10 1 2 3 4 0 0.2 04 06 0 05 1 15 2
qt (MPa) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
M,=7%2, sigma’'=1 atm base curve Summary of liquefaction potential
08 1 ! 1 ! 1 1 1 1 1 1 1 1 1,000_ 1 1 1 [ | 1 1 | T O I A |
0.7 I i
1 B 8
i | v b
] L 3
0.6 - ¢ 1005
Y] 2
. - &
9 05 r [}
* ] I &
o ] 3 aQ
=]
© - -
X 04 E
g / -3
s ] * wm oes / 2
n k I ©
2 03 L E
o T -
5 1 / R

0.2 < 2
-~ i . il
/ B 0.1 1 10

0.1 — r Nomalized friction ratio (%)

-_,_—l-"‘""——— B

] . . o Zone A ¢: Cyclic li quefaction lkely dependingon size and du ration of cyclic loading

] m‘.q.leracm‘l 3 Zone A, Cyclic liquefaction and strength loss lkely depending on loading and ground

0 T 17T T 17T T 17T T 17T L T 17T T 17T T 17T i T 17T T 17T geometry

0 20 40 60 80 100 120 140 160 180 200 ZoneB:Liquefactionand post-earthquake strength loss unlikely, chedk cyclic softening

C|C1N,CS Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittlenes s/sensitiv iy, strainto peak undrained stren gth and ground geometry
CLiq v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 2023-03-28, 4:04:10 PM 1

Project file:



1 GeolLogismiki

GE innicsmuy 7 % Geotechnical Engineers
AUUINDITININE | - ' N Merarhias 56

B BN http://www.geologismiki.gr

LIQUEFACTION ANALYSIS REPORT

Project title : Location :
CPT file : CPT22-Seg 2-15
Input parameters and analysis data

Analysis method: B&I (2014) G.W.T. (in-situ): 6.00 m Use fill: No Clay like behavior
Fines correction method:  Bg1 (2014) G.W.T. (earthq.): 6.00 m Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fil weight: NA Limit depth applied: No
Earthquake magnitude M,: 7,00 Ic cut-off value: 2.60 Trans. detect. applied: No Limit depth: N/A
Peak ground acceleration:  ggpa csr Unit weight calculation: ~ Based on SBT K, applied: Yes MSF method: Method based
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THURBER ENGINEERING LTD.

APPENDIX E RESULTS OF RIGOROUS DYNAMIC ANALYSIS

Figure E1 Model Geometry — Longitudinal Section
Figure E2 — Horizontal Displacements — Longitudinal Sectoin — All 1 in 475 Year EQs
Figure E3 Vertical Displacements — Longitudinal Section — All 1 in 475 Year EQs
Figure E4 Horizontal Displacements — Longitudinal Section — All 1 in 2475 Year EQs
Figure E5 Vertical Displacements — Longitudinal Section — All 1 in 2475 Year EQs
Figure E6 Model Geometry — Transverse Section
Figure E7 Horizontal Displacements — Transverse Section — All 1 in 475 Year EQs
Figure E8 Vertical Displacements — Transverse Section — All 1 in 475 Year EQs
Figure E9 Horizontal Displacements — Transverse Section — All 1 in 2475 Year EQs

Figure E10 Vertical Displacements — Transverse Section — All 1 in 2475 Year EQs
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Post-seismic Horizontal Displacements (All 1 in 475 year EQS)
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Post-seismic Vertical Displacements (All 1 in 475 year EQS)
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Post-seismic Horizontal Displacements (All 1 in 2475 year EQS)
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Post-seismic Vertical Displacements (All 1 in 2475 year EQS)
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Post-seismic Vertical Displacements (All 1 in 475 year EQS)
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Post-seismic Horizontal Displacements (All 1 in 2475 year EQS)
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Post-seismic Vertical Displacements (All 1 in 2475 year EQS)
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THURBER ENGINEERING LTD.

APPENDIX F RECO LETTER

RECO Letter for Assessment of the Existing MSE Walls at Abutments
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Date: December 20, 2023
By Email

Subject: Mt. Lehman Underpasses - Reinforced Earth Wall Internal Stability Evaluation
RECo Project No. S2023-01 (2872)

Prepared for:  Charles Ng, M. Eng., P.Eng.,
Thurber Engineering Ltd.

By: Shahriar Mirmirani, P. Eng.
Tatiana Rrokaj

To fulfill the subconsultant agreement between Thurber Engineering Ltd. (Thurber) and Reinforced
Earth Company Ltd. (RECo) and with reference to our proposal dated October 19, 2023 (Schedule B),
RECo has conducted a seismic design check for the two MSE abutment structures of the existing Mt.
Lehman underpass, which is part of Fraser Valley Highway 1 Improvement project in BC.

RECo's scope of work involves evaluating the internal stability of the MSE walls to meet the current
seismic performance requirements at the North and South Abutments of this structure, constructed in
2005.

The existing North and South MSE walls were designed to support the abutment loads as listed below:

Table 1: Bridge loads at the beam seat (original design)

Mt. Lehman Underpass | Vertical Vertical Horizontal Transverse Longitudinal | Seismic
Dead load | Live load | Breaking load | Seismic load | Seismic load | (a/g)
(kN/m) (kN/m) (kN/m) (kN/m) (kN/m)

North Abutment 187 97 9 27 69 0.2

South Abutment 187 97 9 27 69 0.2

RECo checked the internal stability of existing MSE walls based on the updated perched abutment
footing loads provided by Thurber on October 10, 2023, and the email dated December 13, 2023.
These analyses are based on CHBDC (CSA-S6-19) considering unfactored bridge load at the abutment
bearings (excluding footing self weight) as provided by Structural Engineer and presented in Table 2.
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Table 2: Unfactored Vertical Reactions at the bridge seat (kN)

Vertical Bearing D1 D2 D3 Total LL 2475 EQ 475 EQ
Group Reactions DL Min. Min.
South Abutment -1400 =700 -300 -2400 -1400 -2300 -1200
North Abutment -1900 -900 -400 -3200 -1200 -2300 -1300

Where permanent load classes are defined based on Table 3.3, CSA S6-19 and represent the total
vertical load per abutment.

D1 : Factory-produced components

D2 : Cast-in-place concrete
D3 : Asphalt wearing surfaces

The total loads are distributed along the existing abutment footing length (refer to Figures 1 & 2 below)
and the results of loads transmitted to the MSE walls (South and North abutment walls) are presented

in Table 3

Figure 1: Mt. Lehman Underpass — Plan View
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Figure 2: Mt. Lehman Underpass — Abutment Section

§ ABUTMENT BEARING

UNE OF
EXCAVATION

=0

1508 PERF. DRAIN
FILTER FABRIC WRAPFED
OUTLETS AS DIRECTED
BY THE ENGINEER

FREE DRAINING GRANULAR
MATERIAL @ 100% SPOD
(UNDER SEAT CNLY)

CAST IN PLACE
CONCRETE COPING
(NOT BY RECO)

I T/PANEL

r WY/
1 / £
\ ; .
- FRONT FACE
REINFORCED EARTH REINFORCED EARTH
VOLUME ABUTMENT WALL

1508 PERF. DRAIN— | 10¢

REINFORCING STRIP

FILTER FABRIC WRAPPED
QUTLETS AS DIRECTED
BY THE ENGINEER.

TYPICAL SECTION

T/LEVELLING PAD

— 150 x 300 UNREINFORCED
CONCRETE LEVELUNG PAD

Table 3: Unfactored Bridge loads at the beam seat

Mt. Abutment | Vertical Live Load Transverse / Transverse / | Seismic | Seismic
Lehman Length Dead (LL) Longitudinal | Longitudinal design design
Underpass (m) Load (kN/m) Seismic Seismic accel. accel.
(DL) (2475-year) (475-year) (alg) (alg)
(kN/m) (kN/m) (kN/m) 2475-yr | 475-yr
South 16.955 2400/ | 1400/ 16.955 | 2300/16.955 | 1200/ 16.955 0.40 0.22
Abutment 16.955 = =82.57 =135.65 =70.77
141.55
North 15.093 3200/ | 1200/15.093 | 2300/ 5.093 1300 / 0.40 0.22
Abutment 15.093 = =79.51 =152.39 15.093=86.13
212.02
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As instructed by Thurber and confirmed by Associated Engineering (AE), all bearings in the existing
structure will be replaced with sliding bearings. Therefore, the design of lateral loads in any direction is
estimated to be 5% of service vertical load in the vertical bearing group reaction table, resulting in a
significant reduction of the effect that horizontal bridge loads have to the MSE walls.

The analysis was completed only in seismic condition using an acceleration ratio of 0.40 and 0.22 in
pseudo-static design for the 2475-year and 475-year return period, respectively. Non-seismic load
cases are not included in this assessment, as it is out of the scope of this study.

The performance levels for seismic events are shown in Table 4:

Table 4: Seismic Performance Criteria for structural components

Seismic Design Return Service Level Damage Level
Levels Period
Existing Structural 475 Year Service Limited Repairable
Components
2475 Year Life Safety Probable Replacement

The updated bridge loads provided for seismic case are significantly higher than the values used in the
original design. RECo’s proprietary design software for internal stability analysis displays a warning for
an unstable beam seat on South and North abutment, due to large lateral loads in both seismic cases and
relatively short width of the perched abutments (1.4m wide). Note that RECo does not specifically check
the stability of the beam seat against sliding or overturning; it should be evaluated by others.

The existing South and North MSE walls are originally designed for 100 years service life and, to this
date, have been in service for about 18 years. The analyses for the increased demand loads show that
walls cannot fully satisfy the required factors of safety at the end of their service life (82 years from
now), especially the North Abutment Wall. The internal stability of each abutment wall could be satisfied
if a reduced service life, as shown in Table 5, is considered in calculations.

In more detail, the internal stability of walls at Mt. Lehman Underpass considering the design life of 100
years is as following:

South Wall:

e 475-year return period: A few strips yield but do not rupture (repairable damage).

e 2475-year return period: Structure is stable if allowing some strips to yield. The yielding of strips
may result in deformation of the MSE wall facing, potentially necessitating the replacement of
panels. As the rupture of soil reinforcement is not anticipated, it appears to align with the specified
performance criteria (repairable damage).
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North Wall:

e 475-year return period: Many strips yield but do not rupture (repairable damage).
e 2475-year return period: Some strips rupture and the MSE might be unstable to support the bridge
seat (probable replacement).
o Stable for a total of 90 years design life if allowing some strips to yield without rupture
(repairable damage)

e All above cases are stable for a reduced design life of 75 years (immediate service).

Table 5: Satisfactory Service Life *

Performance Criteria (from construction date)
Structure | Return 100 years 75 years design life
Name Period design life
Service Damage Service Damage
2475 L . Immediate | Minimal
Limited Repairable Damage
South years damage
Abutment 475 L . Immediate | Minimal
Limited Repairable Damage
years damage
2475 . Immediate | Minimal
Life Safety Probable Replacement
North years damage
Abutment 475 L ) Immediate | Minimal
Limited Repairable Damage
years damage

* Note: The assessment is based on pseudo-static analysis to confirm compliance of the performance
criteria. The service levels for MSE structures with steel reinforcement are defined as follows:

e Immediate Service — Minimal Damage: Structure is stable.

e Limited Service — Repairable Damage: Some strips may yield, but there is no rupture.

e Life Safety — Probable Replacement: Some strips rupture and the wall might not be stable to
support the bridge seat.
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The results indicate satisfactory internal stability for the South and North walls at the Mt. Lehman
Underpass structure for a shorter service life. These analyses are performed based on specified rate of
steel corrosion outlined in the current CHBDC. Since the expected service life is determined by the
corrosion rate, we recommend extracting samples from both walls for testing to verify if the real
corrosion rate aligns with the design expectations. A proposed sample extraction procedure is available
upon request.
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