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1.0 INTRODUCTION 

Golder Associates Ltd. (Golder), under subcontract to AECOM, was retained by the Ministry of Transportation, 

Ontario (MTO) to oversee and monitor a full-scale static pile load test during construction of the Highway 401-

Fletcher’s Creek culvert replacement as part of the widening of Highway 401 from the Highway 403/410 

Interchange to the Credit River in the City of Mississauga, Regional Municipality of Peel, Ontario (Contract #2015-

2018).  The following sections of this report provide a summary of the details associated with the test pile location 

(see Figure 1 in Appendix A), installation, testing procedures and results, and a discussion on our interpretation of 

the results. 

The intended purpose of the full-scale pile load test is to compare the actual geotechnical resistance achieved to 

the design geotechnical resistance value estimated by geotechnical analyses, the Hiley formula and dynamic 

(PDA) test results obtained during pile driving, and thus verify and optimize correlations between theory, measured 

and calculated dynamic test results after initial driving, and actual measured longer-term geotechnical resistance 

of the pile in compression.  Depending on the results of the full-scale pile load test, consideration would then be 

given to using higher geotechnical resistance factors and consequently higher design geotechnical pile resistances 

at the site to optimize the next stage of pile installation to support the portions of the new bridge below the Highway 

401 express lanes.   

In addition, the results of the full-scale pile load test could be used to refine / confirm design assumptions and 

allow for an assessment of the development of geotechnical resistances with time for similar sandy / gravelly soils 

under flowing artesian pressures, for applicability to other highway bridges in similar conditions.    

2.0 BACKGROUND 

The Highway 401-Fletcher’s Creek site is located approximately 1 km west of the intersection of Highway 401 and 

Mavis Road, and approximately 1 km east of the Credit River, in the City of Mississauga.  Highway 401 in this area 

is currently a three-lane freeway in both eastbound and westbound directions.  The current double-cell concrete 

box structure is being replaced with two single-span bridge structures (designated North Bridge Structure and 

South Bridge Structure as shown on Contract Drawing Sheet 510-2 in Appendix B) to accommodate Highway 401 

and the proposed widening over Fletcher’s Creek.     

The detail design of the new bridges was carried out by AECOM between 2012 and 2015 and a driven steel H-

pile (HP310x110) integral abutment design was selected for support of the new east and west abutments for the 

replacement bridges.  Foundation recommendations for design of the new bridges are provided in the Foundation 

Investigation and Design Report (FIDR) for Fletcher’s Creek Bridges, dated March 2013 prepared by Golder 

Associates Ltd. (GEOCRES No. 30M12-356).  It is noted that flowing artesian conditions (i.e. high hydrostatic 

heads) were measured within the silty sand to sand and gravel till aquifer below the clayey cap at the site and the 

piles were designed to penetrate into the artesian aquifer.  A sand filter blanket located below the pile cap is 

incorporated into the design to filter fine soil particles that could be carried along the pile-soil interface as a result 

of the unbalanced hydrostatic conditions.    

The construction contract was awarded to Dufferin Construction Company (Contractor) and the foundation piling 

works were subcontracted to Anchor Shoring & Caissons Limited (Anchor Shoring).  The Contract Administrator 

(CA) contract was awarded to AECOM.  A copy of the General Arrangement and Foundation drawings for the 
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Contract for the North and South Bridge are included in Appendix B for reference.  The initial stages of construction 

included widening Highway 401 to the south and north while maintaining traffic on the existing Highway 401 WB 

and EB core lanes.  The pile foundations for the abutments at the northern portion of the North Bridge and the 

entire South Bridge were completed between Fall 2016 and early Winter 2017.  It is understood that traffic will be 

diverted to the new widened portion of the bridges in Spring 2018 and the remaining abutment piles for the North 

Bridge will be completed in 2018.   

During piling activities for the northern portion of the North Bridge and for the entire South Bridge foundations, the 

majority of driven HP310 x 110 piles achieved the required design geotechnical resistance upon driving to the 

design tip elevation, or on subsequent retapping, as confirmed using the Hiley formula test method.  The retapping 

of piles shortly after initial installation measured both higher and lower ultimate resistance values than the ultimate 

resistance values measured at end of initial driving to the approximate pile tip design elevation, which raised some 

uncertainty to anticipated strength gain or the possibility of relaxation over time at this site.     

It was decided to perform a full-scale static Pile Load Test on a test pile to provide data for comparison of 

geotechnical resistance with the results from PDA testing and Hiley testing to confirm strength gain over time, and 

to optimize correlations between the Hiley method, PDA test results and actual longer-term pile capacities under 

compression loads.    

Based on the history of static pile load testing in similar soil conditions, it was anticipated that the full-scale pile 

load test (if conducted a reasonable time after pile installation) would measure a higher pile geotechnical resistance 

compared to the resistance calculated from dynamic testing performed during driving and upon final driving of the 

test pile to the design tip elevation.  This phenomenon of anticipated set-up or strength gain over time is attributed 

to an increase in porewater pressure within the soil matrix surrounding the pile upon driving followed by dissipation 

of porewater pressures over time leading to a gain in effective stress and associated increase in geotechnical 

resistance.  It is noted that the site of bridge construction and test pile assessment is known to historically have 

natural “springs” or areas of groundwater seepage at the ground surface, and “quick sand” conditions as posted 

on signs visible from Highway 401 warning the public of the unstable conditions.  The flowing artesian conditions 

present within the sandy / gravelly till aquifer underlying a lower permeability clayey silt deposit created a unique 

condition for the pile-supported structures, and thus confirmation of design loads and the anticipated strength gain 

over time of the foundation elements was considered prudent. 

In collaboration with MTO and the CA, Anchor Shoring installed a test pile near the west abutment of the new 

South Bridge (see Figure 1) on December 14, 2016.  The pile was left in place over the winter and spring, and a 

Pile Load Test (in general accordance with ASTM D1143) was performed on May 16 and 17, 2017, approximately 

five months after initial pile installation.  The following sections of this report summarize the details of the test pile 

location and installation, pile load test procedures and results.  The last section of the report provides a discussion 

and our interpretation of the pile load test results.     
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3.0 SUBSURFACE CONDITIONS AT TEST PILE SITE 

3.1 Regional Geology 

The Fletcher’s Creek crossing below Highway 401 is located within the Peel Plain physiographic region, near the 

transition to the South Slope physiographic region, as delineated in The Physiography of Southern Ontario 

(Chapman and Putnam, 1984)1. 

The Peel Plain physiographic region covers the central portions of the Regional Municipalities of York, Peel and 

Halton.  The general topography of this region consists of level to gently rolling terrain, sloping gradually southward 

toward Lake Ontario.  A surficial till sheet, which generally follows the surface topography, is present throughout 

much of this area.  The till, which is mapped in this area as the Halton Till, typically consists of clayey silt to silty 

clay, with occasional sand to silt zones.  Shallow, localized deposits of loose sand and silt and/or soft clay can 

overlie this uppermost till sheet, and these represent relatively recent deposits, formed in small glacial melt water 

ponds scattered throughout the Peel Plain and concentrated near river valleys.  The recent sand, silt and clay and 

uppermost till deposits in this area overlie and are interbedded with stratified deposits of sand, silt and clay. 

3.2 Subsurface Conditions 

As part of the foundation investigation for design of the new bridge structures, a total of fourteen boreholes 

(Boreholes FC-1 to FC-13 and FC-13A) were advanced in the vicinity of the Fletcher’s Creek bridge structures 

site.  The detailed subsurface soil and groundwater conditions encountered in the boreholes and the results of in 

situ and laboratory testing are provided in the Foundation Investigation Report (GEOCRES No. 30M12-356).  A 

copy of the Foundation Drawings provided for the Contract (Sheet Nos. 511 to 513) and relevant borehole records 

are included in Appendix B for reference.  

The approximate location of the test pile (i.e. Pile Load Test) has been added to Sheet No. 511 and 513 for 

reference, as shown in Appendix B.  Based on the nearest boreholes (FC-10 and FC-12) to the test pile location, 

the subsurface conditions generally consist of a surficial layer of clayey silt fill to a depth of between about 0.7 m 

and 1.5 m below ground surface (Elevation 163.4 m and 162.4 m), underlain by a cohesive deposit consisting of 

firm to hard clayey silt with sand till to a depth of about 5.6 m (Elevation 158.3 m).  Underlying the cohesive till 

layer, a non-cohesive till deposit of dense to very dense sand and silt to sand and gravel till was encountered.  

Based on Borehole FC-12 and the surrounding deeper boreholes (FC-6 and FC-11), the non-cohesive till deposit 

typically transitions from dense sand and silt to very dense sand and gravel between Elevation 156 m to 159 m.  

The very dense sand and gravel till contained cobbles/boulders and extends to the termination of the boreholes in 

this area that were drilled down to Elevation 151.8 m.    

Flowing artesian groundwater conditions were encountered in Borehole FC-12 when the casing was advanced to 

a depth of 6 m below ground surface (Elevation 157.9 m) during borehole installation and water was flowing out 

of the top of the casing, to a height greater than 1.2 m above ground surface (Elevation 165.1 m).  Artesian 

groundwater levels measured at the site during the foundation investigation were measured to be as high as 

Elevation 171.9 m (about 5 m above ground surface) in September 2012 at Borehole FC-13/13A.   

1 Chapman, L.J. and Putnam, D,F. 1984.  The Physiography of Southern Ontario, Ontario Geological Survey, Special Volume 2, Third 
Edition.  Accompanied by Map P. 2715, Scale 1:600,000.
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During construction, a nested well (Well Tag# A208617) was installed by the Contractor near the west abutment 

of the South Bridge (see approximate location on Sheet 511) on September 19 and 20, 2016.  A shallow and deep 

well were sealed at depths of 7.0 m (Elevation 157 m) and 12.2 m (Elevation 151.8 m), respectively, within the 

non-cohesive till deposit (i.e. aquifer).  A copy of the Well Record is included in Appendix B.  The groundwater 

level in the shallow and deep wells was measured at 0.9 m and 7.1 m, respectively, above ground surface 

(Elevation 164.9 m and Elevation 171.1 m) on September 27, 2016.  The nested well was located about 15 m from 

the test pile location; however, the well was decommissioned at the end of 2016 and was not active during pile 

load test operations.     

4.0 TEST PILE INSTALLATION 

Golder, in collaboration with MTO, submitted a specific scope/work plan to be followed by the Contractor for 

installation of the test pile and execution of a full-scale pile load test.  A copy of the scope/work plan titled “Full-

Scale Pile Load Test at Highway 401-Fletcher’s Creek South Structure, Highway 401 Widening from Highway 

403/410 Interchange to Credit River, City of Mississauga, Region of Peel” is provided in Appendix C and was 

submitted to AECOM for distribution to the Contractor on November 16, 2016. 

According to the work plan, the test pile location was to be near the east abutment of the South Bridge; however, 

access constraints and ongoing construction conflicts in this area resulted in the Contractor, in collaboration with 

the CA and MTO, installing the test pile near the west abutment of the South Bridge.  Golder engineering staff 

were on site the morning of the scheduled test pile installation and observed welding of the driving shoe to the test 

pile and clarified installation requirements with the Contractor, AECOM, exp. Services Inc. (exp.) and MNA 

Engineering Ltd. (MNA).  Exp. and MNA were retained by the Contractor to perform the PDA testing and Hiley 

testing, respectively, on the test pile.   

The steel HP310x110 test pile (designated TP1) was installed in the afternoon of December 14, 2016 and was 

driven using a Delmag D19-42 diesel hammer with a maximum rated energy of about 66 kJ.  The average energy 

transferred to the top of the pile as measured by the PDA testing was about 30 kJ with the hammer operating at a 

speed of about 38 blows per minute.  The existing ground surface at the test pile location was at about Elevation 

164.0 m, and the pile was driven to a final tip Elevation 154.4 m (i.e. final embedment depth of about 9.6 m below 

ground surface).   

The “set” criteria established for the test pile to reach the design factored ultimate geotechnical resistance value 

(f-ULS) of 900 kN (for production piles at the South Bridge) was achieved at tip Elevation 154.4 m based on the 

results of the PDA testing and Hiley Dynamic Formula test (see Appendices D and E respectively).  According to 

the work plan, Hiley and PDA testing were to be initiated at pile tip Elevation 154.5 m and then carried out in 0.5 m 

depth increments thereafter until the design geotechnical resistance was achieved.  Coincidentally, and consistent 

with the production piles installed at the South Bridge location, the “set” criteria and measured geotechnical 

resistance using PDA and Hiley test procedures was achieved at the onset of the specified pile dynamic test 

procedure and there was no need to drive the test pile any deeper.  Details of the PDA test procedure and results 

are included in the report titled “Dynamic Analysis of Piles, Contract No. 2015-2018, Hwy 401 – Fletcher’s Creek, 

South Structure, City of Mississauga, Ontario”, prepared by exp and dated January 5, 2017 (see Appendix D).  

The pile driving record and details of the Hiley test procedure prepared by MNA Engineering Ltd. are provided in 

Appendix E.  
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5.0 FULL-SCALE STATIC PILE LOAD TEST 

5.1 Load Test Set-up 

The reaction load system for the pile load test was designed, supplied and constructed by the Contractor / Anchor 

Shoring.  Anchor Shoring provided pile test arrangement drawings (Drawing Nos. LT1, LT2 and LT3, revision 

dated April 27, 2017) that show two W920x420 steel reaction beams and timber cribs to support the reaction 

weight (to counteract jacking load) consisting of approximately 174 steel H-piles stacked in eight layers.  Each row 

of steel piles acted as beams to support the next layer which was shorter and placed perpendicular to the row 

beneath for increased stability.  A copy of the sealed drawings is provided as an enclosure in the memorandum 

titled “Full Scale Pile Load Testing, Fletcher Creek, Pile ID INC249, 401 and Mississauga Road –MTO Contract 

2015-2018” prepared by SNC-Lavalin GEM Ontario Inc., dated May 29, 2017, included in Appendix F.  As 

discussed below, SNC-Lavalin GEM Ontario Inc. (SNC-Lavalin) were retained by the Contractor to oversee and 

carry out the full-scale pile load test set-up and loading / measurement procedure. 

A hydraulic cylinder jack was used to transfer the load between the top of the test pile and the reaction beam. 

Four dial gauges were set up radially on a reference frame to measure the vertical movements of the top of the 

pile as the test progressed. The dial gauge readings were used as the primary measurement system for pile axial 

movements and a series of additional survey points at the top of the pile were measured periodically by a licensed 

surveyor as a secondary measurement system during the test. 

Calibration certificates for the hydraulic cylinder jack and dial gauges were provided by Anchor Shoring and copies 

of the certificates are included in the memorandum in Appendix F.  As a load cell was not used for the test, the 

applied loads (discussed in the next section) were converted to an equivalent pressure for the hydraulic jack 

system and the pressure gauge continuously checked and recorded. 

Golder confirmed the set-up was in general conformance with ASTM 1143 and select photographs of the pile load 

test set-up and operation are presented in Appendix G.  

5.2 Load Test Procedure 

The static load test was carried out in general accordance with ASTM D1143-07 using a modified Procedure A – 

Quick Test method as per the loading and measurement procedure outlined in a letter provided by Golder to the 

CA titled “Highway 401 / Fletcher’s Creek Pile Load Test, Proposed Loading and Measurement Criteria, Highway 

401 Widening from Highway 403/410 Interchange to the Credit River, City of Mississauga, Region of Peel, G.W.P. 

2150-10-00, Contract No. 2015-2018”, dated May 10, 2017.  A copy of the letter is provided as Enclosure D in the 

SNC-Lavalin memorandum included in Appendix F. 

In summary, loading was carried out in general accordance with the procedure which included seven incremental 

loadings of 400, 800, 1200, 1600, 2000, 2300 and 2600 kN.  All loading increments were held for a minimum 20 

minutes, or until the rate of displacement was measured to be less than 0.25 mm/hr up to a maximum of 2 hours.  

The maximum load was held for a total of 12 hours and then the test pile was unloaded in four increments at 

loadings of 1900, 1200, 500 and 0 kN, with each load held for one hour and a displacement reading taken prior to 

each subsequent unloading stage, with a final displacement reading taken 6 hours after removal of the total load.   
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5.3 Load Test Results 

The pile load test was initiated in the morning of May 16, 2017 and was completed the morning of May 17, 2017 

(about 24 hours duration).  The weather was overcast with seasonal temperatures throughout the duration of the 

test, and construction operations in the vicinity of the test site were halted by the Contractor such that vibrations 

and/or construction activities were not influencing the test operations.  

A representative from Anchor Shoring applied the load increments by adjusting the hydraulic jack pressures, in 

collaboration with the SNC-Lavalin representative on site who checked and verified loading increments, calculated 

and determined hold times, and recorded the pile displacements from the dial gauges (i.e. primary measurement 

system).  The factual data and details of test load increments and measurements are presented in the 

memorandum prepared by SNC-Lavalin in Appendix F. 

A surveyor retained by the Contractor (Hunt Surveys Inc.) recorded survey measurements of the pile displacement 

(secondary measurement system), and of several points on the reference beams and reaction frame to ensure 

that the set-up remained stable.  According to the memorandum prepared by SNC-Lavalin, reference beam 

deflection was reported to be less than 1 mm through the duration of the test, and observations by Golder on site 

concluded that the reaction frame (i.e. stacked H-piles) remained stable throughout the loading procedure (i.e. by 

observing the interface between bottom row of stacked H-piles relative to the temporary supports). 

The majority of the testing operation was monitored by a Golder representative to verify that set-up and load 

procedures were being followed according to the pre-established test procedure until the maximum load was 

applied; the Golder representative was not on-site during the unloading operations.  After reaching the maximum 

test load and observing limited pile creep movement, consideration was given to increasing the load, but this was 

not attempted due to concerns that the reaction system could become unstable, considering that the reaction 

system was not designed to resist loads in excess of the maximum test load. 

A summary of the results of the pile load test are shown on Figure 2 (Appendix A) and include plots of: 

i) applied load vs. time,

ii) pile movement vs. time, and

iii) pile movement vs. applied load.

The pile movement measurement shown on Figure 2 is based on the average of the four dial gauge readings.  

The applied load on the test pile was measured from the pressure gauge of the hydraulic jack and was continuously 

monitored to ensure constant load was applied to the test pile. 

6.0 DISCUSSION 

6.1 Design Resistance vs. Tested Pile Resistance 

The foundation design report recommends that steel HP 310x110 piles driven to found within the “100-blow” very 

dense non-cohesive till (with anticipated tip Elevations 152.5 m and 153.5 m at the South Bridge and North Bridge 

respectively) be designed predominantly as end-bearing foundations with a design factored ultimate limit state 

value (f-ULS) of 900 kN and 1,000 kN at the South Bridge and North Bridge, respectively.   
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It was noted in the report that the presence of the “100-blow” soils was variable in depth and the presence of 

cobbles/boulders and artesian conditions within the non-cohesive till deposit created the potential for variable pile 

lengths.  As a result, the Contract documents included the following notes on the foundation drawing (Sheet 516-

1): 

Note 6:  For the North Structure (East and West Abutment): Piles to be driven in accordance with SS 103-11 using 

an ultimate geotechnical resistance of 2,000 kN per pile, but must be driven below Elevation 155.5 m and 

not below 153.5 m without approval of the engineer; and 

Note 7: For the South Structure (East and West Abutments): Piles to be driven in accordance with SS 103-11 

using an ultimate geotechnical resistance of 1,800 kN per pile, but must be driven below Elevation 154.5 m 

and not below 152.5 m without approval of the engineer; and 

Note 8: The piles shall be driven to not more than 2.0 m above the recommended pile tip elevation and then the 

driving be monitored by employing the Hiley Dynamic Formula as per SS 103-11. 

It is understood that the majority of production piles installed at the South Bridge and north portion of the North 

Bridge achieved the ultimate resistance upon initial driving as measured using the Hiley test method, with a 

resistance factor of 0.5 then being applied to estimate the factored ULS value.  All production piles tested using 

the Hiley method upon re-tap met the design geotechnical resistance, and PDA testing was not performed on any 

production piles installed to date.  The Hiley tests performed on production piles installed at the east and west 

abutments of the South Bridge (i.e. close to the test pile location) averaged an ultimate geotechnical resistance of 

about 2,400 kN and 3,000 kN (f-ULS = 1,200 kN and 1,500 kN), respectively.     

Regarding the actual pile load test, the test pile is considered to have not reached failure at an ultimate load of 

2,600 kN in compression (see Figure 2). 

A comparison of the test pile TP1 ultimate and factored geotechnical resistance estimated from the PDA test, Hiley 

test and full-scale pile load test is provided below.   

Test 

Pile 

No. 

Test Pile 

Tip 

Elevation 

(m) 

*Eq.

Penetration 

Resistance 

(Blows/25 

mm) 

Test / 

Analysis 

Method 

Set-Up Period 

from Pile 

Installation to 

Test  

(days) 

Ultimate 

Resistance 

(kN) 

Resistance 

Factor 

f-ULS

Resistance 

(kN) 

TP1 154.4 

5.1 Hiley Test 0 2,368 0.5 1,184 

4.3 PDA Test 0 2,200 0.5 1,100 

4.3 Full-Scale 
Pile Load 

Test 
153 > 2,600 0.6 > 1,560

*Using Delmag D19-42 diesel hammer; penetration measured for a certain number of blows and then converted to equivalent blows per 25mm

penetration. 

The ultimate geotechnical resistance measured from the pile load test (i.e., >2,600 kN) 153 days after pile 

installation is much greater than the values measured from the Hiley test and PDA test performed on completion 

of initial pile driving.  There is considered good agreement between the measured Hiley and PDA test results on 

initial completion of driving.   
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The factored geotechnical resistance values measured from the Hiley, PDA, and pile load tests are all greater than 

the design factored geotechnical resistance recommended in the FIDR and Contract Drawing Sheet 516-1 (i.e. f-

ULS of 900 kN and 1,000 kN for South and North Bridges respectively), with the f-ULS resistance values from the 

Hiley and PDA test upon initial driving being only slightly higher (10% to 30%) than the design values.   

The geotechnical resistance values at SLS (for 25 mm of settlement) recommended in the FIDR for design were 

700 kN and 800 kN for the South and North Bridges respectively.  The load-deformation characteristics of the pile 

load test measured 22 mm of deflection at the top of the pile under the maximum test load of 2,600 kN.  The 

measured deflection includes elastic compression of the pile itself and upon unloading of the test pile, the net 

vertical deflection of the pile was measured to be about 11 mm.  Based on the results of the static pile load test, 

the geotechnical resistance at SLS (for 25 mm of settlement) is greater than the factored geotechnical resistance 

at ULS. 

The FIDR states that “given the high artesian pressures within the cohesionless till soils near the estimated pile 

tip elevations, the resistances are lower than would typically be given for driven piles in similar soil conditions with 

similar pile lengths”.  Based on the results of the pile load test, the design geotechnical resistance for predominantly 

end-bearing piles penetrating into the very dense zone of the flowing artesian groundwater till deposit may be 

increased for similar pile installation and soil and groundwater conditions, provided that sufficient elapsed time is 

available between the installation of piles and the loading of the foundations (i.e., construction of the bridge deck).  

6.2 Anticipated Strength Gain with Time 

This discussion and interpretation of the pile load test results are intended to provide MTO with supplementary 

information for assessment of remaining piling activities on site, to make informed decisions whether additional 

piles or piles installed to greater depths are warranted given that the geotechnical resistance measured during 

initial driving is expected to increase with time.  The pile load test results and interpretations may also be 

referenced for future projects with similar site subsurface conditions and pile lengths.  However, it is noted that the 

results of this static pile load test are specific to the pile, soil and groundwater conditions at the specific test pile 

site only and should be used with caution if a practitioner chooses to interpret the results for any other pile location 

or project.  Those using the information contained in this report should make their own interpretation of the factual 

information as such interpretation may affect/impact design and estimated long-term geotechnical resistance of 

piles, pile layout and equipment selection, proposed construction methods, scheduling and the like.   

For the test pile (TP1), comparing the results of the Hiley and PDA test performed upon completion of initial driving 

and the full-scale pile load test performed about 153 days after initial driving, there is greater than a 10% and 18% 

increase in the estimated ultimate geotechnical resistance (2,368 kN and 2,200 kN vs. 2,600 kN) over this 

approximately five-month timeframe. The actual increase in geotechnical resistance cannot be established from 

the results of the static pile load test as the pile was not tested to ultimate failure.  The potential gain in geotechnical 

resistance over time increases substantially over the design geotechnical resistance considering that the 

resistance factor for a full-scale pile load test is 0.6, compared to a factor of 0.5 for Hiley and PDA testing. 

As the re-tap of production piles at the South and North Bridges installed to date indicated both an increase and 

decrease in ultimate geotechnical resistance using the Hiley test method, the results of the pile load test suggest 

that set-up and long-term strength gain is achievable.   

Based on the borehole information, pile driving record, and monitoring wells installed during construction, the test 

pile likely penetrated through the cohesive clayey cap and the pile tip terminated within the very dense non-
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cohesive (sand and gravel) till deposit under artesian groundwater pressures estimated to be about 4 m above 

ground surface (Elevation 168 m) relative to the pile tip level (Elevation 154.4 m).    

Based on the test data, it is our opinion that the driven steel HP310x110 test pile experienced significant strength 

gain in geotechnical resistance over time, between the time of installation to the application of the compression 

test load.   

Assuming similar soil and groundwater conditions throughout this site (i.e., presence of artesian pressures 

at/below pile tip), it is anticipated that the geotechnical resistance of surrounding piles in the immediate area of the 

test pile driven into the very dense non-cohesive till deposit will increase over time compared to the measured 

Hiley test and PDA test values upon completion of initial driving. 

6.3 Future Pile Load Tests – General 

The following suggestions / recommendations are provided for future pile load tests on similar MTO projects: 

 Test Pile Installation:  The designer(s) and owner should be on site or correspond / meet directly with the 

Contractor / CA team so that the target geotechnical resistance and installation procedure for the test pile is 

clearly communicated.  The Hiley and PDA that results should be communicated to the designer/owner 

immediately to confirm anticipated and actual test results upon initial driving are acceptable prior to 

demobilizing equipment / crew from site.   

 A secondary measurement system of survey points should be established to monitor pile displacement and 

tilting/movement of the load reaction system during the pile load test, and procedures should be clearly 

communicated and incorporated into the work plan. 

 Consideration should be given to installing instrumentation to measure porewater pressures prior to, during, 

and after test pile installation, as applicable.  This would improve understanding of initial porewater 

development and dissipation over time and could potentially be correlated to prediction models of potential 

strength gain over time or relaxation in different soil and groundwater conditions.   

 For integral abutment design, consideration could be given to performing ASTM D3966/D3966M-07 

“Standard Test Methods for Deep Foundations Under Lateral Load” on the test pile to predict lateral 

performance and estimate lateral subgrade reaction values of the surrounding soil to assess whether 

“standard” integral abutment pile design (i.e., the upper portion of the pile installed within CSP liners backfilled 

with loose sand) is required or can be negated.   
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7.0 CLOSURE 

This Report was prepared by Mr. Matthew Kelly, P.Eng., and reviewed by Mr. Kevin Bentley, P.Eng., a 

geotechnical engineer and Associate with Golder, with technical input from Mr. Murty Devata, P.Eng., a specialist 

foundations consultant with Golder.  Mr. Jorge Costa, P.Eng. and Ms. Lisa Coyne, P.Eng., Designated MTO 

Foundations Contacts for Golder, conducted an independent quality control review of this report. 
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700 kN/PILE 
900 kN/PILE 

PILE DATA 

BATTER 
No. PILE CUT-OFF ESTIMATED PILE ESTIMATED ELEVATION REQ'O (m) 

TIP ELEVATION LENGTH (m) (m) VERTICAL 56 162.700 153.500 9.200 1:10 2 162.700 153.500 VERTICAL 9.246 56 162.700 153.500 9.200 1:10 2 162.700 153.500 VERTICAL 9.246 15 162.700 152.500 10.200 1:10 2 162.700 152.500 VERTICAL 10.251 15 162.700 152.500 10.200 1:10 2 162.700 152.500 10.251 

APPLICABLE STANDARD DRAWINGS:
OPSO 3000. 150 ���l��ATION, PILES, STEEL H-PILE 

DBIGN G.C. ICHK G.B. /CODE 
DESCRIPTION 

DRAWN D.LICHK V.K.ISITE 
CHBDC-OSILOAOa.-125-<lNTIDATE OCT, 2015 24 129/CI VWG Rl-7 
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METHOD OF SOIL CLASSIFICATION 

The Golder Associates Ltd. Soil Classification System is based on the Unified Soil Classification System (USCS) 
Organic 
or 
Inorganic 

Soil 
Group 

Type of Soil 
Gradation 

or Plasticity 
𝑪𝑪𝑪𝑪 =

𝑫𝑫𝟔𝟔𝟔𝟔

𝑫𝑫𝟏𝟏𝟏𝟏
 𝑪𝑪𝑪𝑪 =

(𝑫𝑫𝟑𝟑𝟑𝟑)𝟐𝟐

𝑫𝑫𝟏𝟏𝟏𝟏𝒙𝒙𝑫𝑫𝟔𝟔𝟔𝟔
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Poorly 
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<4 ≤1 or ≥3

≤30%

GP GRAVEL 

Well Graded ≥4 1 to 3 GW GRAVEL 

Gravels 
with 

>12% 
fines 

(by mass) 

Below A 
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n/a GM 
SILTY 

GRAVEL 
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n/a GC 
CLAYEY 
GRAVEL 
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n/a SM SILTY SAND 

Above A 
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n/a SC 
CLAYEY 

SAND 
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Type of Soil 
Laboratory 

Tests 

Field Indicators 
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Content 

USCS Group 
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Primary 
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Liquid Limit 

<50 

Rapid  None  None >6 mm 
N/A (can’t 
roll 3 mm 
thread) 

<5% ML SILT 

Slow  
None to 

Low  
Dull 

3mm to 
6 mm 

None to low <5% ML CLAYEY SILT  

Slow to 
very slow 

Low to 
medium 

Dull to 
slight 

3mm to 
6 mm 

Low 
5% to 
30% 

OL 
ORGANIC 

SILT 

Liquid Limit 
≥50

Slow to 
very slow 

Low to 
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Slight 
3mm to 
6 mm 

Low to 
medium 

<5% MH CLAYEY SILT 
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Medium 
to high 

Dull to 
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1 mm to 
3 mm 

Medium to 
high 

5% to 
30% 
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Liquid Limit 
<30 

None 
Low to 

medium  
Slight 

to shiny 
~ 3 mm 

Low to 
medium  0% 

to 
30% 

(see 
Note 2) 

CL SILTY CLAY 

Liquid Limit 
30 to 50 

None  
Medium 
to high 

Slight 
to shiny 

1 mm to 
3 mm 

Medium 
CI SILTY CLAY 

Liquid Limit 
≥50

None High Shiny <1 mm High CH CLAY 
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Peat and mineral soil 
mixtures  

30%  
to  

75% 

PT 

SILTY PEAT, 
SANDY PEAT  

Predominantly peat, 
may contain some 

mineral soil, fibrous or 
amorphous peat 

75%  
to  

100% 
PEAT 

Note 1 – Fine grained materials with PI and LL that plot in this area are named (ML) SILT with 
slight plasticity.  Fine-grained materials which are non-plastic (i.e. a PL cannot be measured) are 
named SILT. 
Note 2 – For soils with <5% organic content, include the descriptor “trace organics” for soils with 
between 5% and 30% organic content include the prefix “organic” before the Primary name.

Dual Symbol — A dual symbol is two symbols separated by 

a hyphen, for example, GP-GM, SW-SC and CL-ML. 

For non-cohesive soils, the dual symbols must be used when 

the soil has between 5% and 12% fines (i.e. to identify 

transitional material between “clean” and “dirty” sand or 

gravel. 

For cohesive soils, the dual symbol must be used when the 

liquid limit and plasticity index values plot in the CL-ML area 

of the plasticity chart (see Plasticity Chart at left). 

Borderline Symbol — A borderline symbol is two symbols 

separated by a slash, for example, CL/CI, GM/SM, CL/ML.   

A borderline symbol should be used to indicate that the soil 

has been identified as having properties that are on the 

transition between similar materials.  In addition, a borderline 

symbol may be used to indicate a range of similar soil types 

within a stratum. 
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ABBREVIATIONS AND TERMS USED ON RECORDS OF 
BOREHOLES AND TEST PITS  

 

 

 

 

 

PARTICLE SIZES OF CONSTITUENTS 

Soil 
Constituent 

Particle 
Size 

Description 
Millimetres 

Inches 
(US Std. Sieve Size) 

BOULDERS 
Not 

Applicable 
>300 >12

COBBLES 
Not 

Applicable 
75 to 300 3  to 12 

GRAVEL 
Coarse 

Fine 
19 to 75 

4.75 to 19 
0.75 to 3 

(4) to 0.75

SAND 
Coarse 
Medium 

Fine 

2.00 to 4.75 
0.425 to 2.00 

0.075 to 
0.425 

(10) to (4)
(40) to (10)
(200) to (40)

SILT/CLAY 
Classified by 

plasticity 
<0.075 < (200) 

 

SAMPLES 

AS Auger sample 

BS Block sample 

CS Chunk sample 

DO or DP 
Seamless open ended, driven or pushed tube 
sampler – note size 

DS Denison type sample 

FS Foil sample 

GS Grab Sample 

RC Rock core 

SC Soil core 

SS Split spoon sampler – note size 

ST Slotted tube 

TO Thin-walled, open – note size 

TP Thin-walled, piston – note size 

WS Wash sample 

MODIFIERS FOR SECONDARY AND MINOR CONSTITUENTS 

Percentage 
by Mass 

Modifier 

>35
Use 'and' to combine major constituents 
(i.e., SAND and GRAVEL, SAND and CLAY)

> 12 to 35
Primary soil name prefixed with "gravelly, sandy, SILTY, 
CLAYEY" as applicable 

> 5 to 12 some 

≤ 5 trace 

SOIL TESTS 

w water content 

PL , wp plastic limit 

LL , wL liquid limit 

C consolidation (oedometer) test 

CHEM chemical analysis (refer to text) 

CID consolidated isotropically drained triaxial test1 

CIU 
consolidated isotropically undrained  triaxial  test with 
porewater pressure measurement1 

DR relative density (specific gravity, Gs) 

DS direct shear test 

GS specific gravity 

M sieve analysis for particle size 

MH combined sieve and hydrometer (H) analysis 

MPC Modified Proctor compaction test 

SPC Standard Proctor compaction test 

OC organic content test 

SO4 concentration of water-soluble sulphates 

UC unconfined compression test 

UU unconsolidated undrained triaxial test 

V (FV) field vane (LV-laboratory vane test) 

γ unit weight 

1. Tests which are anisotropically consolidated prior to shear are shown

as CAD, CAU.

PENETRATION RESISTANCE 
Standard Penetration Resistance (SPT), N: 
The number of blows by a 63.5 kg (140 lb) hammer dropped 760 mm (30 in.) 
required to drive a 50 mm (2 in.) split-spoon sampler for a distance of 300 mm 
(12 in.). 

Cone Penetration Test (CPT) 
An electronic cone penetrometer with a 60° conical tip and a project end area of 
10 cm2 pushed through ground at a penetration rate of 2 cm/s. Measurements of tip 
resistance (qt), porewater pressure (u) and sleeve frictions are recorded 
electronically at 25 mm penetration intervals. 

Dynamic Cone Penetration Resistance (DCPT); Nd: 
The number of blows by a 63.5 kg (140 lb) hammer dropped 760 mm (30 in.) to drive 
uncased a 50 mm (2 in.) diameter, 60° cone attached to "A" size drill rods for a 
distance of 300 mm (12 in.).   
PH: Sampler advanced by hydraulic pressure 
PM: Sampler advanced by manual pressure 
WH: Sampler advanced by static weight of hammer 
WR: Sampler advanced by weight of sampler and rod 

NON-COHESIVE (COHESIONLESS) SOILS COHESIVE SOILS 

Compactness2 Consistency 

Term SPT ‘N’ (blows/0.3m)1 

Very Loose 0 - 4 

Loose 4 to 10 

Compact 10 to 30 

Dense 30 to 50 

Very Dense >50

1. SPT ‘N’ in accordance with ASTM D1586, uncorrected for overburden pressure 
effects.

2. Definition of compactness descriptions based on SPT ‘N’ ranges from Terzaghi 

and Peck (1967) and correspond to typical average N60 values.

Term 
Undrained Shear 

Strength (kPa) 
SPT ‘N’1,2 

(blows/0.3m) 

Very Soft <12 0 to 2 

Soft 12 to 25 2 to 4 

Firm 25 to 50 4 to 8 

Stiff 50 to 100 8 to 15 

Very Stiff 100 to 200 15 to 30 

Hard >200 >30

1. SPT ‘N’ in accordance with ASTM D1586, uncorrected for overburden pressure 
effects; approximate only.

2. SPT ‘N’ values should be considered ONLY an approximate guide to
consistency; for sensitive clays (e.g., Champlain Sea clays), the N-value 
approximation for consistency terms does NOT apply.  Rely on direct
measurement of undrained shear strength or other manual observations. 

Field Moisture Condition Water Content  

Term Description 

Dry Soil flows freely through fingers. 

Moist 
Soils are darker than in the dry condition and 
may feel cool.  

Wet 
As moist, but with free water forming on hands 
when handled. 

Term Description 

w < PL 
Material is estimated to be drier than the Plastic 
Limit. 

w ~ PL 
Material is estimated to be close to the Plastic 
Limit. 

w > PL 
Material is estimated to be wetter than the Plastic 
Limit. 
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LIST OF SYMBOLS 

Unless otherwise stated, the symbols employed in the report are as follows: 

I. GENERAL (a) Index Properties (continued)

w water content 

π 3.1416 wl or LL liquid limit 

ln x natural logarithm of x wp or PL plastic limit 
log10 x or log x, logarithm of x to base 10 lp or PI plasticity index = (wl – wp) 
g acceleration due to gravity ws shrinkage limit 
t time IL liquidity index = (w – wp) / Ip  

IC consistency index = (wl – w) / Ip 
emax void ratio in loosest state 
emin void ratio in densest state 
ID density index = (emax – e) / (emax - emin) 

II. STRESS AND STRAIN (formerly relative density) 

γ shear strain (b) Hydraulic Properties

∆ change in, e.g. in stress: ∆ σ h hydraulic head or potential 

ε linear strain q rate of flow 

εv volumetric strain v velocity of flow 

η coefficient of viscosity i hydraulic gradient 

υ Poisson’s ratio k hydraulic conductivity  

σ total stress (coefficient of permeability) 

σ′ effective stress (σ′ = σ - u) j seepage force per unit volume 

σ′vo initial effective overburden stress 

σ1, σ2, σ3 principal stress (major, intermediate,
minor) (c) Consolidation (one-dimensional)

Cc compression index 

σoct mean stress or octahedral stress (normally consolidated range) 

= (σ1 + σ2 + σ3)/3 Cr recompression index  

τ shear stress (over-consolidated range) 

u porewater pressure Cs swelling index 
E modulus of deformation Cα secondary compression index 
G shear modulus of deformation mv coefficient of volume change 
K bulk modulus of compressibility cv coefficient of consolidation (vertical 

direction)  
ch coefficient of consolidation (horizontal 

direction)  
Tv time factor (vertical direction) 

III. SOIL PROPERTIES U degree of consolidation 

σ′p pre-consolidation stress 

(a) Index Properties OCR over-consolidation ratio = σ′p / σ′vo

ρ(γ) bulk density (bulk unit weight)* 

ρd(γd) dry density (dry unit weight) (d) Shear Strength

ρw(γw) density (unit weight) of water τp, τr peak and residual shear strength 

ρs(γs) density (unit weight) of solid particles φ′ effective angle of internal friction 

γ′ unit weight of submerged soil  δ angle of interface friction 

(γ′ = γ - γw) µ coefficient of friction = tan δ 

DR relative density (specific gravity) of solid c′ effective cohesion 

particles (DR = ρs / ρw) (formerly Gs) cu, su undrained shear strength (φ = 0 analysis)
e void ratio p mean total stress (σ1 + σ3)/2
n porosity p′ mean effective stress (σ′1 + σ′3)/2
S degree of saturation q (σ1 - σ3)/2 or (σ′1 - σ′3)/2

qu compressive strength (σ1 - σ3)
St sensitivity 

* Density symbol is ρ. Unit weight symbol is γ
where γ = ρg (i.e. mass density multiplied by
acceleration due to gravity)

Notes: 1 

2 
τ = c′ + σ′ tan φ′
shear strength = (compressive strength)/2 
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cobble (TILL)
Very dense
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Wet
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NOTE:

1. Given that Wash Boring
techniques were used to advance
the NW casing, the groundwater
condition was not measured upon
completion of drilling.
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Moist

END OF BOREHOLE

NOTE:

1. Open borehole dry upon
completion of drilling.
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NOTES:

1. Water level inside casing at a
depth of 2.7 m below ground
surface (Elev. 161.2 m) at start of
work day on May 8, 2012, when
bottom of casing at a depth of
3.2 m below ground surface (Elev.
160.7 m).

2. Water flowing from top of casing
which was 1.2 m above ground
surface (Elev. 165.1 m) when
advanced to a depth of 6.0 m
below ground surface
(Elev. 157.9 m).
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December 4, 2017 
Report No. 10-1111-0211 

APPENDIX C 
Scope/Work Plan for Test Pile (TP1) Installation and Pile Load 
Test 

STATIC PILE LOAD TEST REPORT - FLETCHER'S CREEK 
BRIDGES, GWP 2150-01-00, CONTRACT NO. 2015-2018 



Contract No.: 2015-2018 

Full-Scale Pile Load Test at Hwy 401–Fletcher’s Creek South Structure 

Highway 401 Widening from Highway 403/410 Interchange to Credit 

River, City of Mississauga, Region of Peel 

This document summarizes the scope of work for the Contractor to carry out a full-scale pile load test at or 

in the vicinity of the east abutment of the Highway 401 – Fletcher’s Creek South Structure.   

Scope/Work Plan 

• The Contractor shall conduct a full-scale Pile Load Test in accordance with ASTM D1143 (Standard

test Methods for Deep Foundations Under Static Axial Compressive Load) at the location of the east

abutment of the Highway 401-Fletcher’s Creek South Structure, using an HP310x110 pile.  The static

pile load test may be carried out in the vicinity of the east abutment (east of the proposed pile cap)

at either the central or northern portion of the proposed structure abutment foundation.  The

Contractor, in conjunction with the Contract Administrator, shall determine the location of the test site

in a manner that minimizes interference with the local traffic, current construction staging and pile

driving activities on site.

• It is understood that a conventional diesel hammer will be used to conduct the Pile Load Test to allow

for Hiley testing.

• The test pile shall be driven to Elevation 154.5 m (i.e. 2 m above the design pile tip elevation) and

then the driving be monitored by employing the Hiley Dynamic Formula as per SS 103-11 until the

appropriate pile “set” value is achieved prior to the Pile Load Test.  Given the variable elevation of

the “100-blow” soil, allowance shall be made for the test pile to be driven up to 2 m deeper (about

Elevation 150.5 m) than the design tip elevation upon consultation with MTO Foundations Section

and the foundations sub-consultant (Golder Associates Ltd.) to achieve the appropriate pile “set”

value prior to the Pile Load Test.

• The Contractor shall carry out Pile Driving Analyzer (PDA) testing during the installation of the test

pile in combination with the Hiley method to confirm the ultimate geotechnical resistance, beginning

at Elevation 154.5 m (consistent with the start of Hiley testing) and thereafter at 0.5 m intervals of

depth.

• The Contractor shall design and install a reaction system for the Pile Load Test that is capable of

providing a maximum load of 2,600 kN in compression to the test pile.

• The Contractor shall be responsible for providing all the equipment for the Pile Load Test in

accordance with ASTM D1143, including but not limited to the reference beam, loading jack, gauges,

etc.  The reference beam shall be installed on an independent system at a sufficient distance away

from the Pile Load Test setup to prevent any interference from the Pile Load Test.

• The Contractor shall prepare a detailed drawing showing the Pile Load Test setup and the reaction

system.

• The full-scale Pile Load Test shall be carried out not earlier than 30 days after the installation of the

test pile and reaction piles.

• The Pile Load Test shall be continued to a load equivalent to 2,600 kN or failure load, whichever

occurs first.



Justification 

The results from the full-scale Pile Load Test will be compared to the results from PDA testing and Hiley 

testing to allow for optimization in correlations between the PDA and Hiley test results and actual, longer-

term pile capacities in compression. 

Based on the soil and groundwater conditions at this site (i.e., presence of artesian pressures), it is 

anticipated that the full-scale Pile Load Test conducted 30 days after pile installation will measure higher pile 

capacities in the vicinity of the east abutment.  In addition, the full-scale pile load test will allow for higher 

geotechnical resistance factors and consequently higher geotechnical pile capacities.  This will allow for 

optimization of the next stage of pile installation at the west abutment of the South Structure and both east 

and west abutments of the North Structure. 

In addition, the results of the full-scale Pile Load Test will be used to study the development of geotechnical 

resistances with time in non-cohesive soils under artesian pressures, for applicability to other highway 

bridges in similar conditions.  

n:\active\2010\1111\10-1111-0211 aecom-hwy 401 widening-mississauga\13 - construction liaison\contract 2 - fletcher's creek pile load test\pile load test report\appendix c\work 

plan.docx 



December 4, 2017 
Report No. 10-1111-0211 

APPENDIX D 
Dynamic Analysis of Piles, Contract No. 2015-2018, Hwy 401 – 
Fletcher’s Creek, South Structure, City of Mississauga, Ontario, 
Project No. BRM-00603982 – AO,  
Report Dated May 01, 2017, prepared by exp.  

STATIC PILE LOAD TEST REPORT - FLETCHER'S CREEK 
BRIDGES, GWP 2150-01-00, CONTRACT NO. 2015-2018 
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APPENDIX E 
Test Pile (TP1) Driving Record and Hiley Test Results 

Report Dated December 14, 2016, by MNA Engineering Ltd. 

STATIC PILE LOAD TEST REPORT - FLETCHER'S CREEK 
BRIDGES, GWP 2150-01-00, CONTRACT NO. 2015-2018 
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APPENDIX F 
Memorandum: Full Scale Pile Load Testing, Fletcher Creek, Pile 
ID INC249, 401 and Mississauga Road –MTO Contract 2015-2018 
Reference No. 17-1031-03, dated May 29, 2017, prepared by  
SNC–Lavalin GEM Ontario Inc.  

STATIC PILE LOAD TEST REPORT - FLETCHER'S CREEK 
BRIDGES, GWP 2150-01-00, CONTRACT NO. 2015-2018 



Infrastructure 

SNC-Lavalin GEM Ontario Inc. 

401 Hanlan Road 

Vaughan, Ontario, Canada, L4L 3T1 

  905.851.0090     905.851.0091 

May 29, 2017 

MEMORANDUM – Our Ref. 17-1031-03 

To: Muhammad Rashid 
Senior Quality Control Administrator  
Dufferin Construction Company, a Division of CRH Canada Group Inc. 

From: Dylan Hill, P.Eng 
Project Manager 

Subject: Full Scale Pile Load Testing  
Fletcher Creek, Pile ID INC249 
401 and Mississauga Road –MTO Contract 2015-2018 

As requested, SNC-Lavalin GEM Ontario Inc. (“SNCL”) is pleased to present the following 
memorandum outlining the observations made during full scale pile load testing carried out  
at Fletcher Creek, beginning on May 16th and ending May 17th, 2017. It should be noted 
that this memo is a presentation of observations and factual results – no engineering 
interpretation of results was included in SNCL’s scope of work.  

1.1 Test Apparatus and Procedure 

Testing was carried out on one (1) HP310x110 sized steel pile, identified as INC249, in 

general accordance with the requirements of ASTM D1143, however with the modified 

procedure as outlined by Golder Associates in Instruction Notice #249, which is enclosed 

with this memorandum. The pile was loaded with a 600 ton Dudgeon jack, which was placed 

on a 900 x 900 x 50 mm steel plate on the top of the pile. Four (4) Mitutoyo Corporation 

model 3428S-19 analogue dial gauges were placed on each corner of the plate in order to 

make displacement observations during loading.  

Loading was carried out in six (6) increments of 400, 800, 1200, 1600, 2000 and 2300 kN, 

followed by a 12 hour creep test under a load of 2600 kN, and four (4) unloading increments 

of 1900, 1200, 500 and 0 kN. All loading increments were held for a minimum of 20 minutes, 

or until the rate of displacement was observed to fall below 0.25 mm per hour. 

Measurements were taken at 20 minute intervals for 60 minutes during all unloading 

increments, including one (1) additional measurement at 6 hours following complete 

unloading.  
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Figure 1 – Test setup during testing procedure 

Secondary survey measurements were also recorded on the top of the loading plate and on 

several points on the reference beams by the Client’s surveying staff, and provided to SNCL 

upon completion of the testing. Reference beam deflection was observed to be less than 1 mm 

throughout the testing procedure. Verification surveying of the reaction frame in order to ensure 

it remained plumb and stable was also carried out by the Client’s surveying staff.  
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Figure 2 - Reaction frame, test area tarped during testing 

General arrangement drawings of the reaction frame and reference beam construction are 

presented in Enclosure B at the end of this memorandum. Calibration certificates for the four (4) 

displacement gauges and the 600 t jack/hydraulic gauge which were provided to SNCL by 

Dufferin Construction Company (the “Client”) prior to the start of the testing are presented in 

Enclosure C at the end of this memorandum.  

1.2 Results 

A graphical presentation of loading versus displacement for the entire test sequence for the 

mean of all displacement gauge readings, as well as the secondary survey measurements are 

presented in Enclosure A at the end of this memorandum. As well, graphical presentations of 

load versus time for the loading and unloading phases, and load versus log-time for the creep 

phase of the testing are also presented, both for each individual gauge and the mean of the 

readings from all gauges. Gauges are identified as 1 through 4, at the north-west, north-

east, south-west and south-east corners of the plate respectively. 



Geotechnical Instrumentation and Monitoring Services 
SNC-Lavalin Full Scale Pile Load Testing - MTO 2015-2018 - 401 and Mississauga Road, Mississauga, ON 

Ref. 17-1031-03 

May 2017 4 

1.3 Closure 

We trust this meets your present requirements. Please do not hesitate to contact us if there 

are any questions or comments. 

SNC-Lavalin Inc. 

Enclosure A – Test Results- (7 pages) 
Enclosure B – Test Apparatus Drawings (4 pages) 
Enclosure C – Provided Calibration Certificates (6 pages)  
Enclosure D – Modified Testing Procedure - Contract Instruction Notice #249 (3 pages) 

N:\17 DocMgr\1001-1200\1031 CRH Canada (Dufferin Construction)\17-1031-03 - 401 and Mississauga Road Pile Testing\Reports\17-1031-03 - 
Mississauga Road Pile Testing - 05-29-2017.pdf 
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A. TEST TEST 1. All aspects of the test must comply with the O.B.C. and the Occupational Health and Safety All aspects of the test must comply with the O.B.C. and the Occupational Health and Safety Act. 2. The test pile is to be tested to a maximum load of 2,600 kN. The test pile is to be tested to a maximum load of 2,600 kN. 3. Refer also to the Full-Scale Pile Load Test Specification for this project: Fletcher’s Creek Refer also to the Full-Scale Pile Load Test Specification for this project: Fletcher’s Creek South Structure, Contract No.: 2015-2018. Comply with ASTM D1143. B. REFERENCES REFERENCES 4. Design is in accordance with the structural requirements of the Ontario Building Code and The Design is in accordance with the structural requirements of the Ontario Building Code and The Canadian Highway Bridge Design Code. All work is to be carried out in accordance with the Occupational Health and Safety Act. 5. Geotechnical Report: Geotechnical Report:     Project No. 10-1111-0211-02, by Golder Associates, dated October 23, 2013. C. MATERIALS: MATERIALS: 6. Structural steel design, connections, fabrication and erection is to conform to  Structural steel design, connections, fabrication and erection is to conform to   requirements of CSA S16.1 and S136. requirements of CSA S16.1 and S136. 7. Structural steel to conform to CSA G40.20-13/G40.21-13, grade 350W for wide flanges, Structural steel to conform to CSA G40.20-13/G40.21-13, grade 350W for wide flanges, channels and hollow structural sections and grade 300W min. for plates and all other shapes.  Steel to be fabricated and erected by a shop certified by the Canadian Welding Bureau to the requirements of CSA W47.1-09. Sheet piles are to comply with ASTM A328 or CSA Sheet piles are to comply with ASTM A328 or CSA G40.21 with a minimum yield of 345MPa. 8. Welding to conform to CSA W59-13.  Welders to be qualified to CSA W47.1-09. Welding to conform to CSA W59-13.  Welders to be qualified to CSA W47.1-09. 9. Alternative sections or grades of equivalent strength may be substituted subject to  Alternative sections or grades of equivalent strength may be substituted subject to   approval by T.H. O'Rourke Structural Consultants. approval by T.H. O'Rourke Structural Consultants. 10. Concrete materials, mixing, handling, design, formwork, rebar, placement, cutting and finishing to Concrete materials, mixing, handling, design, formwork, rebar, placement, cutting and finishing to comply with CSA A23.1,2 & 3, unless modified in writing by the engineer. 11. Drill holes to sizes and depths indicated employing liners, mud drilling and/or other Drill holes to sizes and depths indicated employing liners, mud drilling and/or other methods as required to avoid the ingress of soil or groundwater. Install piles plumb and to line. Fill holes with concrete strength as specified above. D. PROCEDURE PROCEDURE 12. Build up or cut down test pile to ensure that the reaction point is flat and level.  Weld on Build up or cut down test pile to ensure that the reaction point is flat and level.  Weld on plate to top of test pile. 13. Place the hydraulic jack and all required tubes and wiring.  Ensure everything is in proper Place the hydraulic jack and all required tubes and wiring.  Ensure everything is in proper working order. 14. Assemble needle beams and their supports in a solid and secure configuration.  Assemble strain Assemble needle beams and their supports in a solid and secure configuration.  Assemble strain gauges placing one on each corner of the Test Pile top plate. 15. Assemble the pile of HP310x110 sections that will be used for a reaction mass. Assemble the pile of HP310x110 sections that will be used for a reaction mass. 16. Check that all parts of the Test Beam assembly are level, plum and in alignment. Check that all parts of the Test Beam assembly are level, plum and in alignment. 17. Apply a 10% load increment to ensure that all parts are bedded in properly and everything is Apply a 10% load increment to ensure that all parts are bedded in properly and everything is functioning properly. 18. Survey the tops of the test beam before starting the test.  Check at 50% load level and after Survey the tops of the test beam before starting the test.  Check at 50% load level and after the application of 100% of the test load. 19. Conduct the test as per the Engineer's instructions and according to ASTM D1143. Conduct the test as per the Engineer's instructions and according to ASTM D1143. 20. Ensure the assembly stays in alignment and does not distort or buckle during the test. Ensure the assembly stays in alignment and does not distort or buckle during the test. 21. Check reaction load to ensure it is stable throughout the test. Check reaction load to ensure it is stable throughout the test. 22. Record the jack hydraulic pressures, the applied load and the strains measured at each load Record the jack hydraulic pressures, the applied load and the strains measured at each load increment during the test.  Present the results in a clear, legible and descriptive report. 23. Measure strains and reaction caisson elevations when all stresses have been removed. Measure strains and reaction caisson elevations when all stresses have been removed. E. CONTRACTOR CONTRACTOR 24. Prepare the test area so that the test pile may be driven and the pile test conducted without Prepare the test area so that the test pile may be driven and the pile test conducted without encountering obstructions. 25. Ensure that test area is always drained with no standing water. Ensure that test area is always drained with no standing water. 26. Ensure that all services in or near the test area are identified.  Ensure the pile driver and the Ensure that all services in or near the test area are identified.  Ensure the pile driver and the pile tester is made aware of such services.
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Enclosure C 

Provided Calibration Certificates (6 pages) 















 

 

 

 

 

 

 

 

Enclosure D 

Modified Testing Procedure – Contract Instruction Notice #249 (3 pages) 

 









December 4, 2017 
Report No. 10-1111-0211 

APPENDIX G 
Photographs #1 to #6 – Pile Load Test (TP1) 
December 14, 2016 

STATIC PILE LOAD TEST REPORT - FLETCHER'S CREEK 
BRIDGES, GWP 2150-01-00, CONTRACT NO. 2015-2018 



Analysis By: MWK    Reviewed By: KJBDate: August 2017

Project No: 10-1111-0211

Contract# 2015-2018 Static Pile Load test

Site Photographs

Photograph 1: Titus Standard “H” Bearing Point installed on tip of test pile



Analysis By: MWK    Reviewed By: KJBDate: August 2017

Project No: 10-1111-0211

Contract# 2015-2018 Static Pile Load test

Site Photographs

Photograph 2: Static pile load test reaction frame set-up (stacked H-piles)



Analysis By: MWK    Reviewed By: KJBDate: August 2017

Project No: 10-1111-0211

Contract# 2015-2004 Static Pile Load test

Site Photographs

Photograph 3: Dial gauge(s) on independent reference beam



Analysis By: MWK    Reviewed By: KJBDate: August 2017

Project No: 10-1111-0211

Contract# 2015-2004 Static Pile Load test

Site Photographs

Photograph 4: Hydraulic jack set-up



Analysis By: MWK    Reviewed By: KJBDate: August 2017

Project No: 10-1111-0211

Contract# 2015-2004 Static Pile Load test

Site Photographs

Photograph 5: Hydraulic jack and dial gauge set-up



Analysis By: MWK    Reviewed By: KJBDate: August 2017

Project No: 10-1111-0211

Contract# 2015-2004 Static Pile Load test

Site Photographs

Photograph 6: Static load testing underway (note installation of level to monitor stability of 

reaction support beam)



Golder Associates Ltd. 
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