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Subject: Single Pile design for axial capacity under static and seismic conditions

Summary

As requested by McElhanney Engineering Services Ltd. (“MESL”), EXP Services Inc. (“EXP”) has analyzed
the design validity for the single piles which will be placed below the abutments and piers portion of the
overpass. The objective is to access whether the dimensions and other considerations like construction
method would be sufficient to tolerate the expected design forces supplied by Thurber Engineering.

1. Introduction

Vancouver Fraser Port Authority (“VFPA”) is planning to improve the intersection of Portside and Blundell
Road with a new overpass to eliminate the existing at-grade crossing. In addition, the scope of work also
includes the widening of Blundell Road between No. 8 and York Road from two lanes to four lanes,
construction of a new bridge and extension of Portside Road over the No. 7 Road Canal, and the
construction of a new multi-use pathway (MUP) overpass along the north side of Blundell Road and south
side of Portside Road. The objective is to determine whether the dimensions and other factors, such as
construction method, are adequate to withstand the anticipated design forces supplied by Thurber
Engineering. The alpha method for cohesionless materials and beta method for materials proposed in the
Canadian Foundation Engineering Manual 5™ Edition are used to calculate the ultimate load carrying
capacities of the single driven piles. It is anticipated that the final design check will satisfy the criteria for
the axial design load for both static and pseudo-static (here used synonymously as seismic) conditions.

2. Site and subsurface conditions

It should be noted that the generalized stratigraphy used for the current study is based on the gathered
information based on a series of simple (CPT), seismic Cone penetration tests (SCPT), and auger hole (AH)
tests on the north and south side of the overpass as shown in Table 1. The following in-situ tests were
completed by EXP on June 1, 2022.

CERTIFIED BY:

CCikr| =

REGISTERED




to.ﬁ > Single Pile design for axial capacity under static and seismic conditions
€ ’. @‘ 2745 —3001 Wayburne Drive Portside/Blundell Road Improvement Project (PBRIP)
Burnaby, BC V5G 4W3 Canada Richmond, BC
@ T:604.874.1245 « www.exp.com Reference No.: VAN-22003875-A0

Table 1 Different in-situ tests conducted for the identification of stratigraphy

Type of test Side | Number

CPT N CPT22-01 to CPT 22-05
SCPT N SCPT22-06

CPT S CPT22-07 to CPT 22-10
AH N AH22-01 to AH22-03
AH S AH22-04 to AH22-06

Table 2 depicts the different soil properties used for the analysis. The sandfill and the Fraser river sand
are considered as purely cohesionless and are generally modelled using beta method, while other layers
consisting of construction waste layer, peat and clay are modelled as partly or completely cohesive
materials and thus used in the beta method of pile design.

Table 2. Soil parameters used for the current stability analysis of the embankments

Soil Type Unit weight (y) Model parameters
in kN/m3 c (kPa) ¢°
Sand fill 20 0 35
Construction waste/wood debris 15 5 20
Peat 12 25 0
Silt/Clay 17 75 0
Fraser river sand 18.5 0 32
Marine clay 17 75 0
3. Analysis

The CPT data and other ground characterization methods showed different thickness of sandfill,
construction waste and peat in the north and south layers (as shown in Table 3) and hence and considered
separately for the calculation of ultimate bearing capacity. Since there is a liquefiable deposit of thick
Fraser River sand, it was important to check both the static and seismic cases to assess the ultimate
bearing capacity of the piles.

Table 3 Interpreted stratigraphy at the proposed overpass area on the north and south side.

Soil Type Average thickness (m)
North (N) South (S)

Sand fill 1.9 3.4

Construction waste/wood debris | 5.2 2.3

Peat 1.7 0.8

Silt 5.3 5.9

Fraser river sand (upper) 10 10

Fraser river sand (lower) 14 15.5

Marine clay Over 14m Over 13.0
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In the project site there is an array of total 12 single piles, 6 on the north side of the Portside Blundell
Road and the rest on the south side as shown in Figure 1. In both sides, the half of the piles are placed
under the abutments i.e., namely P1, P2, P3 in the north, and P10, P11, P12 in the south. The other half
are placed equally under the bridge piers which include P4, P5, P6 in the north, and P7, P8 and P9 in the
south. The piles are designed as steel piles with reinforced concrete head up to 10m and an overall
diameter of 1.372 m.

Figure 1 Placement of piles along the north abutments and piers along with their south counterparts.

North .:Pieer | Yy ‘ ] lfieéSi?‘ ‘ South
H@H 3 HHHHHHEH s ‘ } HHHHHHAHHHHHH] o [HE 1 [H@H
EEEEEEEEEEEEEEN HHHHH e 2z ENEANANENNEESENEAEENENEEEEREEEEAEE
T e s ‘ ST e = 0
HEEHEE ® [ | | | | HHH 7 [

® - P | f HHHHHHH Eamam w0 [ @]

The design loads noted in Table 4 show that the piles near the piers should bear more loads than the
abutment piles. Hence, an initial consideration of longer length was chosen for these piles. In design, the
piles 1, 2, 3 and 10, 11, 12 are considered to be 60 m length and 4, 5, 6 and 7, 8, and 9 are assumed to be
of 75 m. Based on these, and the assumptions mentioned hereafter, the loads are unfactored load vs
depth graphs are prepared.

Table 4 Factored axial compression axial demands on the piles as provided by COWI.

Piles Factored axial compression loads (kN)
Static Seismic Seismic
(Return 475 year) | (Return 2475 year)

P1 3249 2321.1 3091.7

P2 2333.8 1450.1 1582.1

P3 23125 2078.2 2853.4

P4 6545.426 4734.8 5701.1

P5 5253 3353.1 3558.3

P6 5833.6 4385.5 5345.7

P7 6526.7 4743.2 5693

P8 5241.5 3330.2 3539.1

P9 5887.7 4430.1 5378.2

P10 2640 2002.4 2823.9

P11 2405.9 1500.8 1643.2

P12 23954 2133.0 2924 .4

Compression is considered as positive

CERTIFIED BY:

CCikr| =

REGISTERED




QC.’ Single Pile design for axial capacity under static and seismic conditions
¢ . Q’ex 2745 —3001 Wayburne Drive Portside/Blundell Road Improvement Project (PBRIP)
Burnaby, BC V5G 4W3 Canada Richmond, BC
@ T:604.874.1245 « www.exp.com Reference No.: VAN-22003875-A0

Assumptions made for calculation of the pile capacity

1.

The top 10 m of the piles are considered as cast-in situ as per suggestions of Thurber which are
made of reinforced concrete. The rest of the piles are considered as hollow, driven piles.

Each pile is 1.372 m in diameter and considered of mainly two lengths viz., 60m and 75 m.

A residual shear strength (s,) of 12 kPa is assumed for the liquefied sand layer in both 475 return
period (RP) and 2475 RP earthquakes; and for all the other layers, the sy is considered to be 80% to
that considered under static condition.

The allowable load capacity is divided by a resistance factor (RF) of 0.55 in the current static
analysis to achieve the ultimate design load capacity since there are existing 10 CPTs, and 6 auger
logs which give good description of the underneath layers. For the seismic case of both RP of 475
years and 2475 years, the value of RF is considered as 0.75 (0.55+0.2). One should refer to draft
DBA references S6-19 and the BC Supplement to S6-19 for additional details. Also, it should be
noted that the resistance factors used should require the piles to be tested with pile driving
analyzer (PDA).

To calculate the ultimate capacity of a single pile, the mobilization of strength is attributed solely
to the skin friction and the end bearing is disregarded because the piles are hollow at their ends
i.e., Quotal = Qshatt, Where Quotal load bearing capacity of a single pile in kN, and Qghatt is the total
resistance mobilized from the surface area of the pile shaft.

Since all the piles are considered as friction piles, the ultimate uplift resistance is equal to the Qiotal
values presented in Appendix A.

The calculation is based on the alpha-beta method stated in the Canadian Foundational manual which has
its inherent assumptions and are not described here for brevity. The alpha-beta values for each layer are
presented in Table 5 for both static and seismic analyses and are used to calculate the total pile load (Quotal)
calculated for four cases, namely northside-static, northside-seismic, southside-static, and southside-
seismic cases. These results are plotted in the Appendix A for the north side and Appendix B for the south
side. The vertical lines in orange and blue are the “required unfactored ultimate pile resistance” or the
“factored demands divided by the resistance factor” and are overlayed on this ultimate load capacity plots
for reference.

Table 5 The empirical parameters used in the alpha-beta method for calculation of ultimate capacity of single driven piles in the
current layered deposits.

Soil type Ostatic | Otseismic | Bstatic | Bseismic | Sustatic(KPa) | Suseismic(kPa)
Sand fill - - 0.25 | 0.25 |- -
Construction waste/wood | 1.00 | 1.00 - - 20 16

debris

Peat 1.00 | 1.00 - - 25 20

Silt 0.58 | 0.60 - - 75 60

Fraser river sand (upper) - 1.00 0.28 | - - 12

Fraser river sand (lower) - 1.00 0.30 |- - 15

Marine clay 0.58 | 0.60 - - 75 60
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Figure 2a depicts the stratigraphy of the Portside Blundell site as well as the two pile lengths under
consideration. Using the alpha-beta method and the static case, an overlay of the ultimate pile load
capacity is calculated and presented in Figure 2b for the south side. As shown in Figure 2c, however,
following seismic consideration, this capacity is significantly diminished due to degradation of the
undrained residual shear strength in the sand and the clay layers.

Figure 2. Different soil profile (a) Soil layering and the single piles considered in the study, (b) Ultimate load vs. depth
calculation for static condition, and (c) Modified curve due to liquefaction consideration for the 2475 year earthquake.
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4. Conclusion

It can be said that the unfactored ultimate capacity of the single piles with 1.372m diameter with 60 and
75 m length (vertical orange line represents the 60 m pile and blue line for the 75 m pile) for the abutment
and the piers location, respectively, fall below the unfactored Quotavalues predicted from the alpha-beta
method of single pile design for static, seismic 475 year RP and 2475 year RP cases as observed from
Appendix A. The plots of the ultimate capacity using the alpha-beta method superimposed with the LCPC
method in Appendix B based on the average CPTs on the north and south sides of the Portside-road
demonstrated that the alpha-beta method underestimated the ultimate capacity of the piles.

Closure

The information presented in this memorandum is based on the referenced information and EXP’s
understanding of the project as described herein. If the project information differs from those described

in this report, EXP should be notified promptly to review the geotechnical aspects of the project and
modify them if necessary.

CERTIFIED BY:

o
CCikr| =
9001:2015
REGISTERED



BanerjeeS
Text Box
4.


Single Pile design for axial capacity under static and seismic conditions

> 2745 - 3001 Wayburne Drive Portside/Blundell Road Improvement Project (PBRIP)
Burnaby, BC V5G 4W3 Canada Richmond, BC

® T:604.874.1245 « www.exp.com Reference No.: VAN-22003875-A0

We trust that this meets your current requirements. Should you have any concerns or questions, please
do not hesitate to contact the undersigned.
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APPENDIX:

A. Unfactored single pile axial resistance analysis on the northside and southside of

the Blundell road /
B. Comparisons between the alpha-beta method and LCPC method using existing

site-specific CPT data
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INTERPRETATION & USE OF STUDY AND REPORT

1. STANDARD OF CARE

This study and Report have been prepared in accordance with generally accepted engineering consulting practices in this area. No other warranty, expressed or
implied, is made. Engineering studies and reports do not include environmental consulting unless specifically stated in the engineering report.

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 us by the Client, communications between us and the Client, and to any other reports,
writings, proposals or documents prepared by us for the Client relative to the specific site described herein, all of which 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. WE CANNOT BE RESPONSIBLE FOR USE BY ANY PARTY OF PORTIONS OF THE REPORT WITHOUT REFERENCE TO THE WHOLE REPORT.

3. BASIS OF THE REPORT

The Report has been prepared for the specific site, development, building, design or building assessment objectives and purpose that were described to us by the
Client. The applicability and reliability of any of the findings, recommendations, suggestions, or opinions expressed in the document are only valid to the extent that
there has been no material alteration to or variation from any of the said descriptions provided to us unless we are 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 the Report, are for the sole benefit of the Client. NO OTHER PARTY MAY USE OR
RELY UPON THE REPORT OR ANY PORTION THEREOF WITHOUT OUR WRITTEN CONSENT. WE WILL CONSENT TO ANY REASONABLE REQUEST BY THE CLIENT TO
APPROVE THE USE OF THIS REPORT BY OTHER PARTIES AS “APPROVED USERS”. The contents of the Report remain our copyright property and we authorise only the
Client and Approved Users to make copies of the Report only in such quantities as are reasonably necessary for the use of the Report by those parties. The Client and
Approved Users may not give, lend, sell or otherwise make the Report, or any portion thereof, available to any party without our written permission. Any use which
a third party makes of the Report, or any portion of the Report, are the sole responsibility of such third parties. We accept no responsibility for damages suffered by
any third party resulting from unauthorised use of the Report.

5. INTERPRETATION OF THE REPORT

a. Nature and Exactness of Descriptions: Classification and identification of soils, rocks, geological units, contaminant materials, building envelopment
assessments, and engineering estimates 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 and even comprehensive sampling and testing programs, implemented with
the appropriate equipment by experienced personnel, may fail to locate some conditions. All investigations, or building envelope descriptions, utilizing
the standards of Paragraph 1 will involve an inherent risk that some conditions will not be detected and all documents or records summarising 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 all persons making use of such documents or records should be aware of, and accept, this risk. 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. Where 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 us. We have relied in good faith upon representations, information and
instructions provided by the Client and others concerning the site. Accordingly, we cannot accept responsibility for any deficiency, misstatement or
inaccuracy contained in the report as a result of misstatements, omissions, misrepresentations or fraudulent acts of persons providing information.

C. To avoid misunderstandings, EXP Services Inc. (EXP) should be retained to work with the other design professionals to explain relevant engineering
findings and to review their plans, drawings, and specifications relative to engineering issues pertaining to consulting services provided by EXP. Further,
EXP should be retained to provide field reviews during the construction, consistent with building codes guidelines and generally accepted practices.
Where applicable, the field services recommended for the project are the minimum necessary to ascertain that the Contractor’s work is being carried out
in general conformity with EXP’s recommendations. Any reduction from the level of services normally recommended will result in EXP providing qualified
opinions regarding adequacy of the work.

6. ALTERNATE REPORT FORMAT

When EXP submits both electronic file and hard copies of reports, drawings and other documents and deliverables (EXP’s instruments of professional service), the
Client agrees that only the signed and sealed hard copy versions shall be considered final and legally binding. The hard copy versions submitted by EXP shall be the
original documents for record and working purposes, and, in the event of a dispute or discrepancy, the hard copy versions shall govern over the electronic versions.
Furthermore, the Client agrees and waives all future right of dispute that the original hard copy signed version archived by EXP shall be deemed to be the overall
original for the Project.

The Client agrees that both electronic file and hard copy versions of EXP’s instruments of professional service shall not, under any circumstances, no matter who owns
or uses them, be altered by any party except EXP. The Client warrants that EXP’s instruments of professional service will be used only and exactly as submitted by
EXP.

The Client recognizes and agrees that electronic files submitted by EXP have been prepared and submitted using specific software and hardware systems. EXP makes
no representation about the compatibility of these files with the Client’s current or future software and hardware systems.
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APPENDIX A

Unfactored single pile axial resistance analysis on the
northside and southside of the Blundell road
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General Notes:

- A geotechnical load resistance factor of 0.55 is applied for static case, 0.75 for 475-year earthquake case, and 0.75 for 2475-year earthquake case
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-Both the unfactored Pile axial loads used in the design are found to be higher than the unfactored ultimate single pile loads indicating the design considerations are fine as per the alpha-beta method
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SOUTH

General Notes:

- A geotechnical load resistance factor of 0.55 is applied for static case, 0.75 for 475-year earthquake case, and 0.75 for 2475-year earthquake case
Both the unfactored Pile axial loads used in the design are found to be higher than the unfactored ultimate single pile loads indicating the design considerations are fine as per the alpha-beta method
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APPENDIX B

Comparisons between the alpha-beta method and
LCPC method using existing site-specific CPT data
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STATIC CASES CONMPARISONS
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