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1. INTRODUCTION 

SPL Consultants Limited (SPL) was retained by Associated Engineering (AE) to undertake a geotechnical 

investigation for the proposed replacement of the existing swing bridge located on Trent-Severn Canal in 

Hastings, Ontario.    

Based on the conceptual design information provided by AE, it is understood that the existing 

superstructure of the existing swing bridge will be removed and replaced with a new bridge 

superstructure; the existing pier and abutments will remain in place.   

The purpose of the geotechnical investigation was to obtain subsurface soil and groundwater 

information at the site by means of a limited number of exploratory coreholes.  Based on our 

interpretation of the corehole data, this report presents the findings of the investigation and provides 

comments and recommendations related to the design of the proposed bridge replacement. 

This report deals with geotechnical issues only.  The Terms of Reference (TOR) for this investigation are 

outlined in SPL’s Proposal No. P-13.05.120 dated June 5, 2013 and the subsequent project 

correspondence.  

This report is provided on the basis of the terms of reference presented above and on the assumption 

that the design will be in accordance with the applicable codes and standards. Once the detail design is 

available, or if there are any changes in the design features relevant to the geotechnical analyses, or if 

any questions arise concerning the geotechnical aspects of the codes and standards, this office should 

be contacted to review the design. It may then be necessary to carry out additional borings and 

reporting before the recommendations of this office can be relied upon.   

The site investigation and recommendations follow generally accepted practice for geotechnical 

consultants in Ontario.  The format and contents are guided by client specific needs and economics and 

do not conform to generalized standards for services.  Laboratory testing for most part follows ASTM or 

CSA Standards or modifications of these standards that have become standard practice. 

This report has been prepared for AE.  Third party use of this report without SPL consent is prohibited.  

The limitation conditions presented in Section “General Comments and Limitations of Report”   of this 

report form an integral part of the report and they must be considered in conjunction with this report. 

 

 

2.  BACKGROUND INFORMATION  

Hastings Swing Bridge is located at Lock 18 of Trent-Severn Canal, in Hastings, Ontario. The swing bridge 

was constructed in 1952 and is now classified as “Other” under the category of Cultural Resources, 

requiring no specific historical rehabilitation.  The swing bridge is a deck plate girder bridge with a 

combined steel grate and asphalt covered concrete deck as shown in Figures 6A to 6N of Golder’s report 
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attached in Appendix E.  The bridge has an overall length of approximately 25 metres and an overall 

width of approximately 8 metres (from centre line to centre line of the outer most girders).  Hastings 

Swing Bridge is supported by an off centre concrete pivot pier and concrete abutments.  

The swing span is an unequal arm type pivoting above a centre pintle with balance wheels. The swing 

bridge is supported by an off-center concrete pivot pier and concrete abutments.  The off-centre pivot 

pier is located on the north side of the Trent-Severn Canal.  The bridge is not currently posted for 

maximum load.  As noted above, the two-lane bridge is located on Bridge Street South and taking a very 

high traffic volume as part of Highway 45. The deck serves vehicular as well as bicycle traffic. A steel 

grate pedestrian walkway is mounted on the south side of the bridge, outside the south girder.    

The Trent-Severn Canal is operational from April to October and open to the public for navigational 

purposes from the Friday before the May long weekend until the Wednesday following the Canadian 

Thanksgiving long weekend.  It is understood that the swing bridge is swung away from canal five to 

eight times a day during the operational season to allow boats to pass the lock.   

It is understood that the dead load of the super-structure of the swing bridge is solely supported by the 

combination of the central pintle, the pillow block rests and balance wheels.  The swing bridge is swung 

by two hydraulic jacks built underneath the bridge deck within the circular track on top of the central 

concrete pier. The south end of the swing bridge deck is supported by two wheels sitting on two steel 

plates.  The north end of the swing bridge deck is supported by two hydraulic jacks.  During the non-

operational seasons, the north and south ends of the swing bridge deck are supported by steel posts 

placed underneath the deck between two hydraulic jacks at the north end and two wheels at the south 

end.  It is anticipated that the loading at the south and north ends are generally light (i.e. primarily live 

loading from traffic). 

It is further understood that the last emergency repair was carried in December of 2010.  The bridge 

deck and slab repair and the hydraulic system upgrades were carried out in 1996 to 1997.  The pillow 

block rests have had shims removed to accommodate the settlement of the bridge (i.e. the settlement 

of the central pintle was assumed); the last adjustment was carried out in 1992.   

Localized repairs to the concrete surface of the existing pier and abutments were also noted, however, 

the history of these repairs were not available at the time of preparing the report.   

 

3. REVIOUS INVESTIGATIONS 

A previous geotechnical investigation report entitled “Geotechnical Evaluation, Hastings Swing Bridge, 

Trent-Severn Canal, Hastings, Ontario, Report Number 11-1184-0022” dated November 21, 2011 carried 

out by Golder Associates Ltd. (Golder) was provided by AE to SPL and attached in Appendix E of this 

report. 

The results of the previous Golder’s report have been reviewed and referenced in this report. 
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4. INVESTIGATION PROCEDURE 

The field work for this investigation was carried out on October 1 and 2, 2013, during which time 4 

coreholes were advanced at the locations shown on the Corehole Location Plan, Drawing 1A.  Coreholes 

CH13-01, 13-2 and CH13-4 were cored through existing pier concrete, highly weathered rock and 

continuously cored to depths ranging from 2.9 m to 3.5 m below pier concrete surface into slightly 

weathered to fresh limestone bedrock using diamond coring equipment.  Corehole 13-3 was cored 

though the existing concrete slab between the pier and abutment footing to a depth of 2.4 m below slab 

surface.  

The field work for this investigation was observed by members of our engineering staff who arranged 

underground service locates, logged the subsurface conditions encountered in the coreholes and cared 

for the samples obtained. 

All of the soil samples and concrete and rock core samples from coreholes were visually examined in the 

laboratory by project engineer.   Selected one soil sample was subjected to grain size analyses and the 

results of which are presented in Drawing 7.  

Unconfined Compressive Strength testing (UCS) was carried out on two concrete core samples and the 

results are presented in Appendix C, attached to this report. 

Selected one rock core sample was shipped to Queen’s University for Unconfined Compressive Strength 

testing (UCS) and the results are presented in Appendix D, attached to this report. 

Shallow groundwater conditions were noted in the open coreholes during drilling.  All of the coreholes 

were backfilled and sealed with pre-mix concrete upon completion of drilling. 

 

5. REGIONAL GEOLOGY 

The site is located within the physiographic region known as the Peterborough Drumlin Field (Chapman, 

L.J. and Putnam, D.F. “The Physiography of Southern Ontario”, 3rd Edition, 1984).  This region is lying 

north of the Oak Ridges Moraines with a rolling till plains with numerous drumlins.  For most of the part, 

the bedrock underlying this region is limestone of the Lindsay and Verulam Formations which are 

somewhat softer and less massive formations than the Gull River formation.   They are also highly 

fossiliferous and disintegrate easily.  The beds slope slightly towards the southwest and the edges 

overlapping strata face north.   Based on the findings in this geotechnical investigation, the soil and 

bedrock conditions are generally consistent with the Regional Geology. 
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6. SITE AND SUBSURFACE CONDITIONS 

The swing bridge is located on Bridge Street South in Hastings, Ontario and as part of Highway 45, 

experiencing high traffic volumes.   

It is understood that the replacement of the existing bridge has been considered based on previous 

investigation and evaluation.   

The corehole locations are shown on Drawing 1A.  The subsurface conditions in coreholes (CH13-01 to 

CH13-04) are presented in the individual borehole logs (Drawing Nos. 3 to 6 inclusive).  The generalized 

sub-surface profile is presented on Drawings 1B and 1C. The following is a summarized account of the 

subsurface conditions encountered in the coreholes drilled during this investigation, followed by more 

detailed descriptions of the major soil strata and shallow groundwater conditions. 

Pier Concrete (CH 13-1, 13-2 and 13-4) and slab Concrete (CH 13-3)  

Concrete was encountered in all boreholes. The thicknesses of the concrete of the existing pier ranged 

from approximately 970 mm to 1850 mm at the corehole locations as measured in the Coreholes CH 13-

1, 13-2 and 13-4. The thickness of the concrete of the concrete slab south of the existing abutment was 

approximately 230 mm at the corehole location as measured in the Corehole CH 13-3.  

The condition of the concrete was observed at core locations. The inside of the coreholes were 

examined carefully and photographed for cracks and the condition of the concrete. A review of concrete 

cores did not reveal any defects on concrete cores. Refer to the photos taken inside of the coreholes 

attached in Appendix A and photos of concrete and rock cores attached in Appendix B. 

Full depth cores identified 970 mm to 1850 mm thickness for the concrete within the circular concrete 

pier and 230 mm thickness of the concrete slab north of the concrete pier.  No rebar was found in the 

concrete cores.  

Cores from corehole CH13-1 at a depth of 0.15 m to 0.35 below ground surface and corehole 13-2 at a 

depth of 0.5 m to 0.8 m below ground surface were tested for compressive strength of the hardened 

concrete in accordance with CSA A23.2-09-14C. The compressive strengths of the hardened concrete for 

these cores were 37 MPa and 35 Mpa, with an average compressive strength of 36 MPa.  The results of 

the compressive strength testing are attached in Appendix C. 

Fill Materials    

Fill materials were encountered below the concrete slab in Corehole CH 13-3 and extended to a depth of 

2.1 m below ground surface.  The fill materials generally consisted of rock fragments with clayey silt.    
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Clayey Silt  

Thin layers/zones of clayey silt soil were encountered within the weathered limestone bedrock.   

Grain size analyses of one sample (CH13-4/SA1) were conducted and the results are presented in 

Drawing 7 as well as shown on the corehole log with the following fractions: 

Grain Size Distribution 

Borehole 

No. 
Sample No. 

Grain Size Distribution 

% Gravel % Sand % Silt % Clay 

CH13-04 1 5 10 51 34 

 

Bedrock  

Based on the results of rock coring, the bedrock at the site generally consists of highly weathered to 

fresh, grey to dark grey, fine grained fossiliferous limestone of the Lindsay and Verulam Formations.  

This bedrock was confirmed by coring in Coreholes CH 13-1 to 13-4.  The surface elevation of the 

bedrock is variable at the corehole locations, as shown on the cross section drawing, Drawings 1B and 

1C.   

The Total Core Recovery (TCR) of the core samples ranged from 58 percent to 100 percent; the Solid 

Core Recovery (SCR) ranged from 15 percent to 93 percent; and the Rock Quality Designation (RQD) 

ranged from 0 percent to 100 percent.  The RQD values for the bedrock cores sampled immediately 

below the concrete structures were generally 0 percent.  Based on these results and on our visual 

examination of the core samples, the rock quality of the limestone encountered is generally considered 

to be very poor immediately below the concrete structures becoming poor to excellent with depth.   

One rock core sample from Corehole CH 13-1 was prepared and subjected to compressive strength 

testing.  This testing was carried out in general accordance with ASTM Standard Test Method D 7012-07, 

entitled “Standard Test Method for Unconfined Compressive Strength of Intact Rock Core Specimens”.  

This testing gave an unconfined compressive strength value of 42 MPa, indicating that the strength of 

this bedrock is classified as medium strong (Canadian Foundation Engineering Manual, 2006, 4th Edition, 

Table 3.5).   

 

Shallow Groundwater 

The water levels encountered upon completion of coring were at depths ranging from 1.0 m to 2.2 m 

below ground surface in the coreholes.   The measured groundwater tables in the coreholes upon 

completion of coring and one day after the coring are summarized in the following table:    
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 Groundwater Levels Observed in Coreholes  

Corehole 
Date of 

Observation 

Water Level 

Depth (m) 

below ground 

surface 

 

Note 

CH13-01 
October 1, 2013 1.0 The water level in the canal was 

approximately at the same elevation. 

  October 2, 2013  1.0 

CH13-02 
October 1, 2013 1.2 

The water levels measured may be 

affected by the water used for coring 

and/or the water in the canal  

October 2, 2013  1.2 

CH13-03 

 

October 1, 2013 1.0 

October 2, 2013  1.0 

CH13-04 
October 1, 2013 - 

October 2, 2013  2.2 

 

It is considered that the stable groundwater levels at the bridge site would be affected by the water 

level in the canal and the local prevailing water levels.   It should be noted that the groundwater levels 

can vary and are subject to seasonal fluctuations in response to major weather events.  

 

7. GEOTECHNICAL INTERPRETATION AND RECOMMENDATIONS 

In this section, the subsurface conditions are interpreted as they relate to the design and construction of 

the proposed bridge replacement. Comments relating to construction methods are intended for the 

guidance of the designer (AE) to establish constructability only.  

The construction methods described in this report must not be misconstrued as being specifications or 

direct recommendations to the contractors, or as being the only suitable methods. Prospective 

contractors should evaluate all of the factual information, obtain additional subsurface information as 

they might deem necessary and should select their construction methods, sequence and equipment 

based on their own experience in similar ground and groundwater conditions. Readers of this report are 

also reminded that the conditions are known only at the borehole locations and in view of the generally 

wide spacing of the coreholes, conditions may vary significantly between boreholes. 

7.1   Summary of Previous Geotechnical Evaluation carried out by Golder 

Based on the results of the previous geotechnical investigation carried out by Golder, no voids or 

fractures of the concrete were observed at two corehole locations (Coreholes 2 and 3) on the existing 
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pier; no cracks are visible on the exposed vertical face on the west side of the central pier.   No obvious 

voids were detected during the coring based on coring reaction within the bedrock at two coreholes 

within the pier; however, the quality of the upper portion of the limestone, immediately below the 

concrete pier, was very poor with R.Q.D. measurements of 0 percent at both locations.  Relative higher 

quality bedrock was encountered at a depth of about 2.0 m below the ground surface, which is generally 

consistent with the sound bedrock encountered in the test pit (i.e. 1.8 m below ground surface).  The 

very poor quality of the bedrock at the founding level of the central pier could be a result of the 

weathering and deterioration of bedrock after the completion of the construction, or it could indicate 

that the weathered/fractured bedrock was not removed at the time of the construction.    

As referenced to Golder’s previous geotechnical report, it is understood that no noticeable lateral 

movement of the abutment wall towards the bridge deck and no noticeable settlement of the abutment 

footing have been reported; The structural loading at the north abutment is relatively light and no 

significant cracks were observed at the support jacks and at the locations of the steel posts;   The global 

stability analysis of the north abutment indicates a factor of safety greater than the typical minimum 

requirement of 1.5;  The horizontal cracks at northeast corner of the north abutment noted in previous 

Golder’s report were recommended be adequately sealed to prevent further deterioration of the 

concrete from exposure. 

 7.2 Discussion and Recommendations 

It is understood that the existing superstructure of the swing bridge will be replaced and the existing 

central pier and both abutments will remain in place.  The proposed new superstructure of the swing 

bridge will be constructed off the bridge site and be shipped to the site upon completion.  The 

superstructure of the existing bridge will be lifted and removed.  The new superstructure will be craned 

and placed on the existing pier after appropriate repair/rehabilitation being carried out to the existing 

pier and abutments.  It is understood that the new superstructure would be the same weight or slightly 

heavier than the existing superstructure.  The recommendations provided in the report must be further 

reviewed by this office should the new superstructure is greatly heavier than the existing one. 

The construction history, design drawings and as-built drawings of the existing swing bridge are not 

currently available.  The design details of the central pintle and the existing pier are not available 

however, it is understood that, the dead load of the bridge structure is solely supported by the central 

pier.   

It is understood that shims for the pillow block rests were removed about 22 years ago to accommodate 

the settlement which was reported to occur at the central pintle location.  No record of the above noted 

settlement and repair has been provided for review and the nature and cause of the settlement 

reported at the central pintle location is unknown.  No further settlement has been reported and no 

further adjustment of the pillow block rests have been carried out since that time.  The design and as-

built information for the pintle, the loading distribution for the pintle and the as-built steel 

reinforcement of the exiting pier are not available.   Based on the visual observation and measurements, 

the pintle is a round steel plate with an approximate diameter of 0.8 m bolted on top of a hexagon 
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shape concrete platform which is slightly elevated above the concrete pier.  No cracking was observed 

on the concrete surrounding the steel plate and in the hexagon shaped concrete platform.  However, 

this concrete appeared to have been placed during relatively recent repair works and cracks that may be 

present in the original concrete would be obscured by this newer concrete. 

Based on the results of the current investigation carried out by SPL and previous investigation carried by 

Golder, there is no noticeable cracking or facture being observed inside of the coreholes within the 

existing concrete pier, which is generally consistent with the observation of the concrete cores.  The 

quality of the bedrock immediately below the existing concrete pier is very poor with noticeable voids 

and layers of clayey silt.  The very poor quality of the bedrock at the founding levels could be a result of 

the weathering and deterioration of bedrock after the completion of the construction, or it could 

indicate that the weathered/fractured bedrock was not removed at the time of the construction.  Based 

on the results of current investigation, the groundwater flow within the weathered rock zones could be 

another important factor of the ongoing erosion, which is reducing the rock quality continuously.    

The water levels observed in the coreholes are generally at the same depth of the water in the canal 

immediately south of the concrete pier.  Based on the recharge rate of the water in the coreholes when 

the water was pumped out of holes upon completion of the coring, the water in the coreholes is very 

likely hydraulically connected to the water in the canal.   It should be noted that the water in the canal 

was lowered to the bottom of the canal during the previous investigation and there was no water was 

observed in the previous coreholes and boreholes and only minor water seepage was noted in the 

previous test pit.   

 The thickness of the highly weathered rock zone varied significantly from one location to another with 

an approximately range of 0.3 m to 1.0 m as shown on the Drawings 1B and 1C.  It should be noted that 

the thick weathered zone is encountered at the upstream direction of the river (west portion of the 

concrete pier), which may be an indication of weathering and deterioration caused by the groundwater 

flow.  

The voids in the weathered rock zones are considered to be obvious as shown in the photos taken inside 

the coreholes.  However, it should be noted the voids observed inside of the coreholes were affected by 

the coring operation and may appear to be more severe.  As noted above, the thickness of the 

weathered rock zones varied significantly between corehole locations.  The weathered rock zone at the 

east portion of the existing concrete pier is very thin (i.e. approximately 0.3 m) while the weathered rock 

zone is up to a 1.0 m at the west portion of the existing pier.  In consideration of the observed voids and 

potential ongoing erosion caused by the groundwater flow, the potential of excessive settlement of the 

existing pier should be considered as part of the bridge replacement design.  Due to the variation of the 

weathered rock zone between the east portion and west portion of the concrete pier, the settlement 

could occur in a form of differential settlement.   Therefore, it is recommended that measures such as 

grouting be considered for the existing pier to minimize/reduce the potential of further erosion of the 

existing founding materials.   
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It should be noted that the purposes of the grouting should be only for filling/sealing the voids.  High 

pressure grouting is not recommended at this site due to the potential concern of adverse impaction to 

the existing wall of the canal and existing concrete pier.  Low pressure close spacing grouting (such as 

polyurethane foam injection grouting or the equivalents) may be considered.  Quick cure grouting 

should be considered in order to reduce the time of the bridge closure.  Should it be practical, the 

grouting may be carried out prior to the bridge replacement to reduce the time of the bridge closure.  In 

addition, consideration should be given to the following items for the grouting work: 

 The water table in the canal should be lowered to the canal bottom or the water in the canal be 

diverted to lower the groundwater table in the grouting zones prior to the grouting.   

 The concrete pier should be monitored for any movement by a geotechnical engineer from SPL, 

especially upward movement during and after the grouting; A detailed settlement monitoring 

plan would be provided once the grouting measures are determined; 

 Additional coring should be considered after the grouting as part of the quality 

control/assurance; 

 The selected grouting contractor should submit a work plan for review by the project engineer 

and geotechnical engineer prior to grouting; 

 Sufficient protection should be provided to the canal in case the grout materials may come 

through the canal wall into the water in the canal; 

 The zone of the grouting should be from the bottom of the concrete pier to the sound limestone 

bedrock. 

The vertical loading of the existing abutment is considered to be light (primarily live traffic loading in 

addition to the weight of the abutment wall and backfill soils).  Complete grouting of the weather rock 

zones below the abutment footing may not be considered to be necessary. The founding soil on the 

north side of the abutment wall may not be reachable by grouting equipment from the south side of the 

abutment wall.  However, as reported in Golder’s report, void seems to be present at the rock surface 

immediately below the abutment footing in the vicinity of Golder’s Corehole 1.  Should it be required, 

consideration may be given to grouting/filling the voids immediately below the abutment concrete 

footing on the south side of the abutment wall.   Extending the grout to the sound bedrock is considered 

to be not necessary. As noted in Golder’s previous investigation, only one drainage hole was noted on 

the existing abutment all.  Complete grouting/sealing of the weathered rock zone may prevent the 

potential drainage through bottom of the abutment footing, which would potentially lead to an 

increased hydrostatic pressure behind the abutment wall.  Should grouting be applied to the abutment 

footing, the relevant items listed above should be applied accordingly.  
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 7.4 Existing South Abutment and Canal Concrete Walls  

The geotechnical investigation and evaluation of the south abutment and canal walls are not within the 

scope of the work for this current assignment.  However, from visual observations, the abutment footing 

and canal walls appear to be severely deteriorated and should be repaired as required.     

 

8. GENERAL COMMENTS AND LIMITATIONS OF REPORT 

SPL Consultants Limited should be retained for a general review of the final design and specifications to 

verify that this report has been properly interpreted and implemented.  If not accorded the privilege of 

making this review, SPL Consultants Limited will assume no responsibility for interpretation of the 

recommendations in the report. 

The comments given in this report are intended only for the guidance of design engineers.  The number 

of boreholes required to determine the localized underground conditions between boreholes affecting 

construction costs, techniques, sequencing, equipment, scheduling, etc., would be much greater than 

has been carried out for design purposes.  Contractors bidding on or undertaking the works should, in 

this light, decide on their own investigations, as well as their own interpretations of the factual borehole 

and test pit results, so that they may draw their own conclusions as to how the subsurface conditions 

may affect them. 

This report is intended solely for the Client named.  The material in it reflects our best judgment in light 

of the information available to SPL Consultants Limited at the time of preparation.  Unless otherwise 

agreed in writing by SPL Consultants Limited, it shall not be used to express or imply warranty as to the 

fitness of the property for a particular purpose.  No portion of this report may be used as a separate 

entity, it is written to be read in its entirety. 

The conclusions and recommendations given in this report are based on information determined at the 

test hole locations.  The information contained herein in no way reflects on the environment aspects of 

the project, unless otherwise stated.  Subsurface and groundwater conditions between and beyond the 

test holes may differ from those encountered at the test hole locations, and conditions may become 

apparent during construction, which could not be detected or anticipated at the time of the site 

investigation.  The benchmark and elevations used in this report are primarily to establish relative 

elevation differences between the test hole locations and should not be used for other purposes, such 

as grading, excavating, planning, development, etc. 

The design recommendations given in this report are applicable only to the project described in the text 

and then only if constructed substantially in accordance with the details stated in this report. 

The comments made in this report on potential construction problems and possible methods are 

intended only for the guidance of the designer.  The number of test holes may not be sufficient to 

http://www.splconsultants.ca/
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CONCRETE: 970mm

LIMESTONE:
Highly weathered, grey, highly
fractured fossiliferous, layers of
clayey silt

LIMESTONE:
Slightly weathered to fresh, grey to
dark grey, fossiliferous.

END OF BOREHOLE
Note:
1) Water level at 1.0m upon
completion.
2) Refer to rock core log.
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Highly weathered, grey, highly
fractured fossiliferous, layers of
clayey silt

LIMESTONE:
Slightly weathered to fresh, grey to
dark grey, fossiliferous.
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CONCRETE: 1120mm

LIMESTONE:
Highly weathered, grey to dark grey,
highly fractured fossiliferous.

LIMESTONE:
Slightly weathered to fresh, grey to
dark grey, fossiliferous.

END OF BOREHOLE
Note:
1) Water level at 1.2m upon
completion.
2) Refer to rock core log.
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Soft layer (highly weathered):
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Hard layer:
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Highly weathered, grey, highly
fractured fossiliferous, layers of
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Slightly weathered to fresh, grey to
dark grey, fossiliferous.
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0.2

2.1

2.4

CONCRETE: 230mm

FILL:
rock fragments with clayey silt

Highly weathered, grey to dark grey,
highly fractured fossiliferous
Limestone, layers of clayey silt,
T.C.R.=70%,
SCR = 30%
R.O.D. = 0%
END OF BOREHOLE
Notes:
1) Water level at 1.0m upon
completion.
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CONCRETE: 1850mm

LIMESTONE:
Highly weathered, grey, highly
fractured fossiliferous, porkets of
clayey silt

100mm clay layer at 2.0m
LIMESTONE:
Slightly weathered to fresh, grey to
dark grey, fossiliferous.

END OF BOREHOLE
Notes:
1) Water level at 2.2m upon
completion.
2) Refer to rock core log.
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Highly weathered, grey, highly
fractured fossiliferous, pockets of
clayey silt (continued)
LIMESTONE:
Slightly weathered to fresh, grey to
dark grey, fossiliferous.

End of Corehole
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(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Clayey silt,trace gravel,some sand
13.2mm
9.5mm
4.75mm
2.00mm

0.850mm
0.425mm
0.250mm
0.106mm
0.075mm

0.0380 mm.
0.0277 mm.
0.0183 mm.
0.0112 mm.
0.0081 mm.
0.0058 mm.
0.0029 mm.
0.0012 mm.

100.0
98.8
95.3
93.4
92.3
91.2
90.1
86.8
84.2
72.9
68.1
60.2
49.1
44.4
41.2
35.7
31.7

0.2414 0.0807 0.0181
0.0117

Sampled by Andy on Oct 2, 2013

Associated Engineering

Geotechnical Investigation,Hasting Swing Bridge,Hastings.
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PHOTOGRAPHS INSIDE COREHOLES  
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Photograph 1: no cracking or fracture of the pier concrete noted inside the corehole  
 

 
 

Photograph 2: no cracking or fracture of the pier concrete noted inside the corehole 
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Photograph 3: highly weathered rock between pier concrete and bedrock 

 

 
 

Photograph 4: highly weathered rock below pier concrete; note the clayey silt soil within the voids 
between rock pieces  
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Photograph 5: void between pier concrete and bedrock and highly weathered rock pieces  

 

 
 

Photograph 6: approximately 1 inch void between the pier concrete and bedrock 
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Photograph 7: approximately 2 inches void between the pier concrete and bedrock 

 
 

Photograph 8: the void between the pier concrete and bedrock 
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APPPENDIX B  
 

PHOTOGRAPHS OF CONCRETE AND ROCK CORES   
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Photograph 1: Corehole CH 13-1 Concrete Cores and partial Rock Cores 
 

 
 

Photograph 2: Corehole CH 13-1 Concrete Cores and full depth Rock Cores 
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Photograph 3: Corehole CH 13-2 Concrete Cores and full depth Rock Cores 
 
 

 
 

Photograph 4: Corehole CH 13-2 Concrete Cores and zone of clayey silt within the limestone rock 
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Photograph 5: Corehole CH 13-2 Layers of clayey silt within the limestone rock 
 

 
 

Photograph 6: Corehole CH 13-3 Concrete Cores and Rock Fills or Highly Weathered Rock pieces 
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Photograph 7: Corehole CH 13-3 Rock Fills or Highly Weathered Rock Pieces 
 

 
 

Photograph 8: Corehole CH 13-4 Rock Cores 
 



Project:  1842-910                                                                                             
Hastings Bridge Replacement  
Hastings, Ontario 
 
 

 
351 Steelcase Road West, Unit 10-12, Markham, Ontario L3R 4H9                                            Tel: 905-475-0065 Fax: 905-475-0045 
www.splconsultants.ca                                                                                                                     
                                                                                                                           

 
 

 

Photograph 9: Corehole CH 13-4 Concrete Cores and Rock Cores 

 

Photograph 10: Layers of clayey silt within the limestone rock 
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Appendix C 

Concrete Core Strength Testing Results 





Project: 1842-910 
Geotechnical Investigation  
Hastings Bridge Replacement, Hastings, Ontario

 
 

 

 

 

 

 

 

 

 

 

Appendix D 

Rock Core Strength Testing Results 



 
 

 

D E P A R T M E N T  O F  
M I N I N G  E N G I N E E R I N G  

Goodwin Hall 
Queen’s University 
Kingston, Ontario, Canada K7L 3N6 
Tel  613 533-2230 
Fax 613 533-6597 

P R E P A R I N G  L E A D E R S  A N D  C I T I Z E N S  F O R  A  G L O B A L  S O C I E T Y  

 
 
 
 
October 25, 2013 
 
 
Mr. David Liu 
SPL Consultants Limited 
351 Steelcase Road W, Unit 10-12 
Markham, ON L3R 4H9 
 
 
Re:  Core sample testing (Project #1842-910) 
 
 
Mr. Liu: 
 
One core sample for Project #1842-910 was prepared and tested for determination of unconfined 
compressive strength. The unconfined compression specimen was subjected to a process of preparation 
that included: 
  
-diamond lathing (where feasible) to prepare sample faces parallel to within + 0.025 mm 
-testing to unconfined failure within a servo-controlled compression frame; all tests were performed 
under axial strain control at rates approximating 10-5 s-1, and simultaneous recording of axial force and 
axial deformation was conducted, from which determination of the sample Unconfined Compressive 
Strength (UCS) and other parameters were obtained 
 
A summary of strength test results and sample photographs of the pre- and post-test specimen is also 
attached.  Should you also require any additional information concerning work that has been performed, 
please do not hesitate to contact me by telephone at (613)-545-2198 or by FAX at (613)-545-6597. 
 
 
Yours sincerely, 
 
 
 
 
 
 
J. F. Archibald, Ph.D., P. Eng., FCIM 
            
 
 
 
  



 

 

                                    Failure Test Results 
           (SPL Consultants Limited Project #1842-910) – October 2013)  
 

Sample  
(depths indicated) 

Bulk 
Density 
(g/cm3) 

UCS 
 

(MPa) 

Young’s Modulus 
(GPa) 

Poisson’s 
ratio 

BH1, Run-2 (4’9”-5’6”) 2.72 41.9 41.860 --- 

 
  



 

 

Pre-Test Samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Post-Test Sample 
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1.0 INTRODUCTION  
This report presents the results of a geotechnical evaluation carried out for the existing Hastings Swing Bridge 
located in Hastings, Ontario on the Trent-Severn Canal, as shown on the Key Plan, Figure 1.  The swing bridge 

is located immediately north of the existing fixed bridge.   

The purpose of the investigation was to investigate the subsurface conditions and shallow groundwater 

conditions at the site of the swing bridge by means of a limited number of shallow boreholes/coreholes and one 
test pit.  Based on our interpretation of the borehole /corehole / test pit data and our review of the laboratory test 
results, this report provides the following geotechnical evaluations:  

 Geotechnical evaluation of the conditions of the existing north abutment; 

 Geotechnical evaluation of the condition of the existing pier supporting the swing bridge; 

 Geotechnical evaluation of the stability of the north abutment and central pier; 

The results for a bridge condition survey carried out by Golder are reported under a separate cover.   

Authorization to proceed with this investigation was given by Mr. Jonathan Werner of Delcan Corporation 
(Delcan) in an email dated March 28th, 2011. 

The factual data, interpretations and recommendations contained in this report pertain to a specific project as 
described in the report and are not applicable to any other project or site location.  If the project is modified in 
concept, location or elevation, or if the project is not initiated within eighteen months of the date of the report, 

Golder Associates Ltd. (Golder) should be given an opportunity to confirm that the recommendations are still 
valid.  In addition, this report should be read in conjunction with the attached "Important Information and 
Limitations of This Report" included in Appendix A.  The reader’s attention is specifically drawn to this 

information, as it is essential for the proper use and interpretation of this report. 

2.0 BACKGROUND INFORMATION AND SITE DESCRIPTION 
Hastings Swing Bridge is located at Lock 18 of the Trent-Severn Canal, in Hastings, Ontario. The present bridge 

was constructed by the Central Bridge Company in 1952, and is now classified by Parks Canada as ‘Other’ 
under Cultural Resources, requiring no specific historical rehabilitation. Some deck grating and slab repairs 
occurred in 1996 and electrical upgrades in 1997, gate arms and hydraulics were installed to replacing the 

electric drive system.   Emergency repairs recently took place in December, 2010 including temporary reinforcing 
of the southern most transverse floor beam and one stub stringer, partial steel plate replacement on the counter 
weight of the north bridge nosing, abutment repair at the south bridge nosing plate and concrete curb/sidewalk 

repair at the southeast end of the bridge. 

Based on the information provided by Parks Canada as outlined in the Request For Proposal (RFP) dated 

February, 2011, the general swing bridge structure descriptions are listed below: 

1) The Swing Bridge is a deck plate girder construction with a combination steel grate and asphalt covered 

concrete deck. 

2) The overall length of the bridge is 25.68 metres (84’-3”) long from panel end to panel end and has a width 

of 8.15 metres (26’-9”) from center line to center line of the outer most girders. 
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3) The swing span is an unequal arm type pivoting above a centre pintle with balance wheels. 

4) The swing bridge is supported by an off center concrete pivot pier and concrete abutments. The off centre 
pivot pier is located on the north side of the Trent Canal. 

5) The bridge is not currently posted for maximum load. 

6) The two-lane bridge is a high traffic volume crossing. 

7) The deck serves vehicular as well as bicycle traffic. A steel grate pedestrian walkway is mounted on the 
south side of the bridge, outside the south girder. 

Based on the information provided in the RFP, the current bridge conditions and the history of the rehabilitation 
and repairs are listed below:  

1) The southern most transverse floor beam and one stub stringer has had temporary strengthening support 
added in December 2010. 

2) Some corrosion has been observed on steel members. 

3) Some surface deterioration and paint peeling is evident on steelwork. 

4) Some vertical stiffeners on the plate girders are bent and/or corroded 

5) Extensive deterioration of the north end concrete deck and ballast. Concrete has spalled off, exposing 
reinforcing steel which has severe corrosion. Nosing plate has had previous repairs but is questionable. 

6) Substantial deterioration of both vertical and top faces of the south canal wall includes surface crack 
formation, exposed reinforcing steel and surface spalling. 

7) Second pour concrete support pad for bridge wheels has deterioration. 

8)  Vertical face of curved section of abutment has spalling and cracking. The surface of the curved abutment 
behind the nosing plate received repair in December 2010. 

9) The concrete sidewalk sections that abut the wing walls on the south side have substantial cracking and 
spalling. 

10) The north canal wall has substantial deterioration of the vertical and top faces spalling and deterioration 
includes spalling, and deep surface cracking. 

11) East and west guardrail posts are corroded and have broken welds at their base plates, some connections 
at posts and rails have corroded through. 

12) Splash plates that form the steel curbing along the plate girders have severe corrosion 

13) Deteriorated concrete under the balance wheel rail track has eliminated continuous support of the rail, 

affecting vertical alignment. 

14) Dam service electrical conduit under the north end of the bridge is corroded 
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15) Cylinder mounting bolts and boots broken and or missing. Cylinders need to have rust removed and a form 
of protection incorporated 

16) Pillow block rests have had shims removed to accept bridge, indicating pintle has had settlement. Last 
adjusted 1992. 

17) Jack cylinders are 25 years old. 

3.0 INVESTIGATION PROCEDURE 
The field work for this investigation was carried out on May 3, 6 and 7, 2011, during which time 4 boreholes, 5 
coreholes and one test pit were advanced at the locations shown on the Borehole, Corehole and Test Pit 
Location Plan, Figure 2. The boreholes were drilled using a truck-mounted drillrig supplied and operated by a 

drilling specialist, under our supervision.  Standard penetration testing and sampling were carried out at regular 
intervals of depth in the boreholes using conventional 35 mm internal diameter split spoon sampling equipment.  
The test pits were carried out using a backhoe supplied and operated by an excavation subcontractor, under our 

supervision.  The coreholes were carried out using a coring machine supplied and operated by a coring 
specialist, under our supervision. 

Shallow groundwater conditions were noted in the open boreholes during drilling.  All of the boreholes and test 
pits were loosely backfilled and sealed at the surface upon completion of drilling and test pitting. 

All of the soil samples, concrete cores and rock core samples obtained during this investigation were brought to 
our Whitby laboratory for further examination, natural water content testing, selected classification testing and 
compressive strength testing. 

The field work for this investigation was directed by members of our engineering staff who also determined the 
borehole/corehole/test pit locations in the field, logged the boreholes/corehole/test pit, and cared for the samples 

obtained.   

4.0 REGIONAL GEOLOGY 
The site is located within the physiographic region known as the Peterborough Drumlin Field (Chapman, L.J. and 

Putnam, D.F. “The Physiography of Southern Ontario”, 3rd Edition, 1984).  This region is lying north of the Oak 
Ridges Moraines with a rolling till plains with numerous drumlins.  For most of the part, the bedrock underlying 
this region is limestone of the Lindsay and Verulam Formations which are somewhat softer and less massive 

formations than the Gull River formation.   They are also highly fossiliferous and disintegrate easily.  The beds 
slope slightly towards the southwest and the edges overlapping strata face north.   Based on the findings in this 
geotechnical investigation, the soil and bedrock conditions are generally consistent with the Regional Geology. 

5.0 SUBSURFACE CONDITIONS 
The existing subgrade soils and shallow groundwater conditions encountered in the coreholes/boreholes and 
test pits, as well as the results of the field and laboratory testing, are shown in detail on the Record of 

Borehole/Corehole and Record of Test Pit sheets, following the text of this report.  Lists of abbreviations and 
symbols are provided to assist in the interpretation of the borehole logs.  Profiles of the structure and the 
subsurface stratigraphy below the structure are presented on cross section drawings, Figures 3A to 3C.  The 

results of soil laboratory gradation analyses are provided on Figures 4 and 5. 
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It should be noted that the boundaries between the strata shown on the borehole/corehole logs have been 
inferred from drilling/coring observations and non-continuous samples.  They generally represent a transition 

from one soil type to another and should not be inferred to represent an exact plane of geological change.  
Further, conditions will vary between and beyond the boreholes.  The following is a summarized account of the 
subsurface conditions encountered in the boreholes drilled at the site, followed by more detailed descriptions of 

the existing fill and native soil strata, and shallow groundwater conditions. 

The subsurface soil conditions generally consisted of granular fill containing some rock fragments, overlying 

limestone bedrock. 

5.1 Pavement Structures  
Pavement structure was encountered surficially in Boreholes 1, 3 and 4 along the road behind the north 

abutment wall.  The pavement structure consisted of 120 mm of asphalt overlying about 400 mm of granular 
base. 

5.2 Topsoil 
Topsoil was encountered surficially in Borehole 2.  The thickness of the topsoil was 130 mm. 

5.3 Fill Materials 
Fill materials were encountered in all of the boreholes and in the test pit.  The fill extended to depths ranging 

from 1.2 m to 2.7 m below ground surface.  The fill materials are associated with previous backfilling behind the 
abutment walls and surrounding the central pier.  The fills are variable in composition but generally consist of 
silty sand, gravelly sand and sandy gravel with variable sized rock fragments encountered at all depths.  

Standard penetration tests carried out within the various fill materials gave variable N values ranging widely from 
3 blows to 53 blows per 0.3 m penetration, indicating a very loose to very dense relative density, although the 
higher N values could be influenced by the presence of the large sized rock fragments.   The in-situ water 

content of the fill samples tested ranged widely from 2 percent to 9 percent.  Grain size distribution curves for 
samples of the sandy gravel and gravelly sand fills are shown on Figures 4 and 5. 

5.4 Bedrock  
Based on the results of rock coring, the bedrock at the site generally consists of slightly weathered to weathered, 
grey to dark grey, fine grained fossiliferous limestone of the Lindsay and Verulam Formations.  This bedrock was 
confirmed by coring in Coreholes 1 to 4 and in Test Pit 1 to depths of 1.8 m to 3.0 m below the existing ground 

surface.  The surface elevation of the bedrock is variable at the test hole locations, as shown on the cross 
section drawings, Figures 3A to 3C.  

The Total Core Recovery (TCR) of the core samples ranged from 39 percent to 100 percent; the Solid Core 
Recovery (SCR) ranged from 18 percent to 93 percent; and the Rock Quality Designation (RQD) ranged from 0 
percent to 93 percent.  The RQD values for the bedrock cores sampled immediately below the concrete 

structures were generally 0 percent.  Based on these results and on our visual examination of the core samples, 
the rock quality of the limestone encountered is generally considered to be very poor immediately below the 
concrete structures becoming good to excellent with depth.   
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Two samples of the rock core from Coreholes 2 and 4 were prepared and subjected to compressive strength 
testing.  This testing was carried out in general accordance with ASTM Standard Test Method D 7012-07, 

entitled “Standard Test Method for Unconfined Compressive Strength of Intact Rock Core Specimens”.  This 
testing gave unconfined compressive strength values of 151.1 MPa and 90.3 MPa, indicating that the strength of 
this bedrock is classified as very strong and strong (Canadian Foundation Engineering Manual, 2006, 4th 

Edition, Table 3.5).   

It should be noted that a portable coring rid and small diameter coring bits were used for the coring, due to the 

very restricted work area underneath the swing bridge, Core breakage associated with the use of the smaller 
coring bits may have resulted in lower rock quality measurements than may have been recorded for larger 
diameter cores.   

5.5 Shallow Groundwater 
Details of our groundwater level observations are shown on the Record of Borehole and Test Pit sheets, which 
follow the text of this report.  The water levels encountered upon completion of drilling and test pit excavation 

were at depths of 1.7 m and 1.8 m below ground surface in the borehole and test pit carried out immediately 
adjacent to the central pier.  The boreholes located along the road behind the north abutment were dry upon 
completion of drilling. It is considered that the stable groundwater levels at the bridge site would be affected by 

the water level in the canal and the local prevailing water level and some seasonal fluctuations should be 
anticipated. 

6.0 DISCUSSION 
This section of the report provides engineering information for the geotechnical design aspects of the project, 
based on our interpretation of the borehole data and on our understanding of the project requirements.  The 
information in this portion of the report is provided for the guidance of the design professionals.  Where 

comments are made on construction, they are provided only in order to highlight aspects of construction which 
could affect the design of the project.  Contractors bidding on or undertaking any work at the site should examine 
the factual results of the investigation, satisfy themselves as to the adequacy of the information for construction, 

and make their own interpretation of the factual data as it affects their proposed construction techniques, 
schedule, equipment capabilities, costs, sequencing and the like. 

Our professional services for this assignment address only the geotechnical (physical) aspects of the subsurface 
conditions at this site.  The geo-environmental (chemical) aspects, including the consequences of possible 
surface and/or subsurface contamination resulting from previous activities or uses of the site and/or resulting 

from the introduction onto the site of materials from off-site sources, are outside the terms of reference for this 
report and have not been investigated or addressed. 

6.1 Project Description 
The Trent-Severn Canal is operational from mid April until the end of October and open to the public for 
navigational purposes from the Friday before the May long weekend until the Wednesday following the Canadian 
Thanksgiving long weekend.  It is understood that the swing bridge is swung away from canal five to eight times 

a day during the operational season to allow boats to pass the lock.  The swing bridge is located on Bridge 
Street South in Hastings, Ontario and as part of Highway 45, experiences high traffic volumes.  It is understood 
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that the purpose of the investigation and evaluation is to determine the appropriate rehabilitations for the swing 
bridge only.   

The existing Hastings Swing Bridge is a deck plate girder construction with a combination steel grate and asphalt 
covered concrete deck.  The swing span is an unequal arm type pivoting above a centre pintle with balance 

wheels. The swing bridge is supported by an off-center concrete pivot pier and concrete abutments. The off-
centre pivot pier is located on the north side of the Trent-Severn Canal.  The bridge is not currently posted for 
maximum load.  As noted above, the two-lane bridge is a high traffic volume crossing. The deck serves vehicular 

as well as bicycle traffic. A steel grate pedestrian walkway is mounted on the south side of the bridge, outside 
the south girder. 

It is understood that the loading of the super-structure of the swing bridge is generally supported by the 
combination of the central pintle, the pillow block rests and balance wheels.  The swing bridge is swung by two 
hydraulic jacks built underneath the bridge deck within the circular track on top of the central concrete pier. The 

south end of the swing bridge deck is supported by two wheels sitting on two steel plates.  The north end of the 
swing bridge deck is supported by two hydraulic jacks.  During the non-operational seasons, the north and south 
ends of the swing bridge deck are supported by steel posts placed underneath the deck between two hydraulic 

jacks at the north end and two wheels at the south end.  It is anticipated that the loading at the south and north 
ends are generally light (i.e. primarily live loading from traffic). 

It is further understood that the last emergency repair was carried in December of 2010.  The bridge deck and 
slab repair and the hydraulic system upgrades were carried out in 1996 to 1997.  The pillow block rests have had 
shims removed to accommodate the settlement of the bridge (i.e. the settlement of the central pintle was 

assumed); the last adjustment was carried out in 1992.   

The concrete of the west portion of the face wall of the north abutment (as shown in Photo No. 22 on Figure 6K 

and No.23 on Figure 6L) appears to be poured in different years.  The concrete on the top portion of the 
retaining wall northwest of the bridge also appears to be poured in different years (as shown in Photo No. 25 on 
Figure 6M).  Localized repairs to the concrete surface of the existing pier and abutments in addition to those 

described in the RFP were also noted, however, the history of these repairs were not available at the time of 
preparing the report.   

The Borehole, Corehole and Test Pit Location Plan, Figure 2, was developed based on the previous drawing 
provided by Delcan and on measurements made during our field investigation.  The cross-sections of the 
existing structures below the water and ground, as shown on Figures 3A to 3D, are based on the interpretation 

of our borehole/corehole/test pit data, and therefore should be considered as approximate only and are only 
suitable for illustrative purposes.  Site Photographs are provided on Figures 6A to 9R.  
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6.2 Geotechnical Evaluations 
6.2.1 Existing Central Pier 

The construction history, design drawings and as-built drawings for the existing swing bridge are not currently 
available.   

Two coreholes were drilled on top of the existing central pier within the balance wheel track, one borehole was 
drilled on the east side of the existing central pier and one test pit was excavated on the west side of the exiting 
central pier.   Based on the results of the coring, the existing central pier is founded on fractured limestone at a 

depth of 1.2 m and 1.7 m below the top surface of the central pier at the locations of Coreholes 2 and 3, 
respectively, as shown on Figure 2, 3A and 3B.  Based on the observations from the test pit on the west side of 
the existing central pier as shown on Figure 3B and Photos No. 35 and 36 on Figure 6R, the depth of the 

bedrock is about 1.8 m below the ground surface (i.e. 1.8 m below the top of the concrete pier), which indicates 
elevation of the bedrock surface varies over a short distance in this area.  A concrete mud slab with an 
approximate thickness of 200 mm was encountered in the test pit at a depth of about 1.2 m below the top 

elevation of the central pier, which is generally consistent with the rock depth encountered in Corehole 2.  
Weathered and fractured limestone bedrock was encountered below the mud slab.     Based on the borehole 
data from Borehole 2 located east of the central pier, the bedrock is present at a depth of approximate 1.7 m 

below the ground surface, which is generally consistent with the bedrock depth encountered in Corehole 3.   

Based on the our observations during  the concrete coring and our visual inspection of the concrete cores 

recovered from Coreholes 2 and 3, no voids or fractures were observed at two corehole locations.  Based on the 
observations from the test pit, there no cracks are visible on the exposed vertical face on the west side of the 
central pier. 

No significant voids were noted within the bedrock during the advance of two coreholes at the top of the pier;    
however, the quality of the upper portion of the limestone, immediately below the concrete pier, was very poor 

with R.Q.D. measurements of 0 percent at both locations.  Relative higher quality bedrock was encountered at a 
depth of about 2.0 m below the ground surface, which is generally consistent with the sound bedrock 
encountered in the test pit (i.e. 1.8 m below ground surface).   The poor quality of the bedrock at the founding 

level of the central pier could be a result of the weathering and deterioration of bedrock after the completion of 
the construction, or it could indicate that the weathered/fractured bedrock was not removed at the time of the 
construction.   

The design details of the central pintle and the existing pier are not available however, it is understood that, the 
structural loading of the bridge structure is mainly supported by the central pier.  Due to the significant variability 

of the rock quality at the founding level, estimation of further settlement of the central pier under future structural 
loading is not feasible and it is recommended that future structural loads should not exceed the original design 
loads unless a more detailed geotechnical study is carried out to fully evaluate the engineering properties of the 

bedrock below the existing foundation. 

 It is understood that shims for the pillow block rests were removed about 20 years ago to accommodate the 

settlement that had occurred at the central pintle location.  However, no further settlement has been reported 
and no further adjustment of the pillow block rests have been carried out since that time.  The design and as-
built information for the pintle, the loading distribution for the pintle and the as-built steel reinforcement of the 
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exiting pier are not available.   Based on our visual observation and measurements, the pintle is a round steel 
plate with an approximate diameter of 0.8 m bolted on top of a hexagon shape concrete platform which is slightly 

elevated above the concrete pier as shown in Photo No.21.  No cracking was observed in the concrete 
surrounding the steel plate and in the hexagon shaped concrete platform.  However, this concrete appeared to 
have been placed during relatively recent repair works and cracks that may be present in the original concrete 

would be obscured by this newer concrete. 

It is recommended that the structural engineer carry out a detailed structural stability analysis to evaluate the 

potential for “punching” failure to occur within the small area below the pintle base.  . The following parameters 
are provided for the analysis of the structural stability analysis purposes: 

– Unit weight of fractured limestone     =  = 23 kN/m³ 

– Unit weight of water    = W = 9.8 kN/m³ 

– "Unfactored coefficient of friction between   =  = 0.3 
Concrete and fractured limestone bedrock 

The thickness of the concrete could be assumed to be between 1.2 m to 1.7 m and the concrete pier should be 

assumed to be non-reinforced concrete unless the as-built reinforcement of the pier can be confirmed.  

Four samples of the concrete core from Coreholes 2 and 3 were prepared and subjected to compressive 

strength testing.  This testing was carried out in general accordance with CSA A23.2-14C and the results are 
attached in Appendix B of the report and are summarized in the following table:  

Corehole No. Sample No. 
Sample 

Depth (m) 
Density 
(Mg/m³) 

Compressive Strength (MPa) 

2 1 0.1 -0.25 2.413 49.6 

2 2 0.75 -1.03 2.399 55.1 

3 1 0-0.15 2.260 30.8 

3 2 1.4-1.67 2.459 48.5 

It is recommended that the uneven/unlevel balance wheel track and the void below the track should be repaired.    

The surficial clear stone fill on the west side of the pier should be removed and grass should be placed to shed 
surface runoff water away from the pier.  The water levels in the canal are higher than the founding elevation of 

the central pier.  The surface cracking and deterioration of the canal concrete wall should be adequately repaired 
to minimize water infiltration into and below the pier 

6.2.2 Existing South Abutment and Canal Concrete Walls  

The geotechnical investigation and evaluation of the south abutment and canal walls are not within the scope of 

the work for this current assignment.  However, from visual observations, the abutment footing and canal walls 
appear to be severely deteriorated and should be repaired as required.     
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6.2.3 Existing North Abutment  

Coreholes 1 and 4 were drilled on top of the existing abutment footing close to the support jacks as shown on 
Figure 2 and 3C and in Photos No. 26 and 28.  Corehole 5 was drilled horizontally in the existing crack on the 
vertical wall east of the support jack (refer to Photo No. 28).  Three boreholes (Boreholes 1, 3 and 4) were 

located north of the abutment wall. 

Based on the results of the coring carried out on top of the abutment footing, the existing abutment slab was 

founded on limestone bedrock at a depth of 1.2 m and 2.4 m below the top surface of the abutment footing at the 
locations of Coreholes 1 and 4, respectively, which indicates at the elevation of the bedrock surface varies over 
a short distance.  Based on the inferred bedrock depths from the borehole data from Boreholes 1, 3 and 4, the 

existing concrete footings of the abutment wall are founded on limestone bedrock at a depth of about 4 m below 
ground surface.   

Based on the our observations during the concrete coring and our visual inspection of the concrete cores 
recovered from Coreholes 1 and 4, no voids or fractures were observed at two corehole located at the top of the 
abutment footing. Corehole 5 was drilled horizontally in the existing crack on the abutment wall face and 

extended into the abutment wall for a distance of 1.7 m where it terminated in the concrete of the wing wall.  The 
crack extended at least 0.7 m beyond the face of the abutment wall (i.e. north direction).  The crack is extends 
approximately 1.5 m from the east edge of the abutment wall towards the west as shown in Photos 24 and 28.   

A similar straight line crack was observed on the west portion of the abutment wall as shown in Photos No.22 
and 23.  The crack appeared to have formed at a construction joint, as evidenced by the surface treatment of the 
concrete and the generally straight nature of the crack.  The width of the existing crack was measured to range 

from 0 mm to 30 mm. It is recommended that this crack should be adequately sealed to prevent further 
deterioration of the concrete from exposure. 

 No other significant cracks, which may be evidence of excessive foundation settlement, were observed, 
however, previous concrete repairs may have obscured other existing cracks. 

Only one drainage hole was observed along the abutment wall, as shown on Photo 23. 

The quality of the upper portion of the limestone, immediately below the concrete pier, was very poor with R.Q.D. 

measurements of 0 percent at both locations.  Further, based on the rate of coring advance, it seems that a void 
is present at the bedrock surface below the abutment footing at the location of Corehole 1.  The poor quality of 
the bedrock at the founding level of the north abutment could be a result of the weathering and deterioration of 

bedrock after the completion of the construction, or it could indicate that the weathered/fractured bedrock was 
not removed at the time of the construction.   

It is understood that no significant lateral movement of the abutment wall towards the bridge deck and no 
settlement of the abutment footing have been recorded.  As previously noted, the structural loading at the north 
abutment is relatively light and no significant cracks were observed at the support jacks and at the locations of 

the steel posts.   

Due to the significant variability of the rock quality at the founding level, estimation of further settlement of the 

north abutment under future structural loading is not feasible and it is recommended that future structural loads 
should not exceed the original design loads unless a more detailed geotechnical study is carried out to fully 
evaluate the engineering properties of the bedrock below the existing foundation. 
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A global stability analysis has been carried out as shown on Figure 7.  Based on the analysis, global stability 
factor of safety for the north abutment is greater than the typical minimum requirement of 1.5.  However, a more 

detailed structural stability analysis may be necessary, especially at the location of the existing crack at the east 
portion of the abutment wall.  The following parameters are provided for structural stability analysis purposes: 

 

– Unit weight of existing granular backfill   =  = 21 kN/m³ 

– Unit weight of fractured limestone     =  = 23 kN/m³ 

– Unit weight of abutment wall    =  = 24 kN/m³ 

– Unit weight of water    = W = 9.8 kN/m³ 

– "Active" lateral earth pressure coefficient = Ka = 0.3 

– "At Rest" lateral earth pressure coefficient = Ko = 0.5 

– Unfactored coefficient of friction between   =  = 0.3 
Concrete and fractured limestone bedrock 

The groundwater level could be assumed at the road surface behind the abutment wall due to the poor drainage. 

6.2.4 Additional Comments  

Proper repairs to the existing structures are recommended to reduce the rate of future deterioration of the 
structural concrete and of the foundation bedrock.  It is recommended that the condition of the swing bridge be 
periodically monitored and photographed by a geotechnical engineer to document the state of the deterioration 

so that appropriate remedial actions may be taken in the future.   

7.0 MONITORING AND TESTING 
Once the rehabilitation /repair design is finalized, this report should be reviewed by the geotechnical engineer to 

confirm that the subsurface information obtained and geotechnical recommendations provided are sufficient.  An 
additional investigation may be required, if deemed necessary. 

In addition, the geotechnical aspects of the final design drawings and specifications should be reviewed by this 
office prior to tendering and construction, to confirm that the intent of this report has been met.   

During construction, sufficient subgrade inspections and in-situ materials testing should be carried out to confirm 
that the conditions exposed are consistent with those encountered in the boreholes and to monitor conformance 
to the pertinent project specifications.  Asphalt and concrete testing should be carried out in CCIL and CSA 

certified laboratories, respectively. 

We trust that this report provides sufficient geotechnical engineering information to facilitate the detailed design 

of this project.  If you have any questions regarding the contents of this report or require additional information, 
please do not hesitate to contact this office. 
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Borehole open and dry
upon completion of
drilling, May 7, 2011
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Borehole open and dry
upon completion of
drilling, May 7, 2011
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Water encountered at
a depth of 1.7 m below
ground surface, May 3,
2011.
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FIGURE 1
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 GRAIN SIZE DISTRIBUTION 
GRAVELLY SAND FIGURE 4

Date: 30-May-11
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SITE PHOTOGRAPHS Figure 6A 

 

 

 

 

 

 

Project No. 11-1184-0022 Golder Associates Inputted by: AZ 
Date: May, 2011  Checked by: DL 

No.2:  Overview of the Hastings Swing Bridge, looking south.  The fixed bridge 
with concrete guard rail is located immediately south of the swing bridge. 

. 

No.1:  Overview of the Hastings Swing Bridge from north side of bridge, looking 
southwest. 



SITE PHOTOGRAPHS Figure 6B 

 

 

 

  

 

 

Project No. 11-1184-0022 Golder Associates Inputted by: AZ 
Date: May, 2011  Checked by: DL 

No.3:  Overview of the Hastings Swing Bridge at the position open to vehicle traffic, 
looking west, standing on top of the gate of Lock 18. 

 

No.4:  Overview of the Hastings Swing Bridge at position open to vehicle 
traffic, looking east.



SITE PHOTOGRAPHS Figure 6C 
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No.5:  South abutment of swing bridge and south canal concrete wall, looking 
southeast, taken when the swing bridge was swung away and water in canal 

was lowered. 

No.6: The north canal concrete wall, looking northwest, taken when the swing 
bridge was swung away and water in canal was lowered. 



SITE PHOTOGRAPHS Figure 6D 
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No.8:  The swing bridge deck, looking south; a combination steel grate and 
concrete deck.

No.7:  Overview of the North Abutment Wall;  looking west after the swing 
bridge was swung away. 



SITE PHOTOGRAPHS Figure 6E 
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No.10:  The south abutment wall and south nosing, looking west.  Note the 
recent repair (lighter colour concrete) south of the steel plate on the abutment 

wall. 
  

No.9:  The north abutment wall and north nosing, looking west.  Note the recent 
repair south of the steel nosing plate on the bridge deck; note the deteriorateation 

on top of the abutment wall and asphalt patch repair. 



SITE PHOTOGRAPHS Figure 6F 
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No.11:  The south abutment underneath the bridge deck, looking south; 
note the deterioration of the concrete, exposed steel rebars; note the snow, 

salt and sands or soils falling from the steel grate deck. 
 

No.12:  The south abutment underneath the bridge deck, looking south; note the 
deterioration of the concrete, exposed steel rebars at or immediate below the 
abutment slab; also note the nearly horizontal deterioration of the concrete at 

lower portion of the south canal wall. 



SITE PHOTOGRAPHS Figure 6G 
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No.14:  The south abutment, looking west; note the steel wheel sitting on top 
of the steel plate to support the bridge during the operational seasons. 

No.13:  The south abutment underneath the bridge deck, looking west; note 
the snow, salt and sands or soils falling from the steel grate deck; note two 
steel posts used to support the bridge during the non-operational seasons. 



SITE PHOTOGRAPHS Figure 6H 
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No.15:  The north abutment underneath the bridge deck, looking east; note 
two steel posts used to support the bridge during the non-operational 
seasons. 

No. 16:  The north abutment west side of the bridge, looking northeast; note 
the support hydraulic jack used to support the bridge during the operational 
seasons. 



SITE PHOTOGRAPHS Figure 6I 
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No.17:   The north abutment east side of the bridge, looking northwest; note 
the support hydraulic jack used to support the bridge during the operational 

No.18: The central concrete pivot pier; note that the concrete at the surface of 
the pier appeared to be recently resurfaced; note the hydraulic system and the 
hydraulic jack used to swing the bridge. 



SITE PHOTOGRAPHS Figure 6J 
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No.20:  The north canal concrete wall; note the deterioration of concrete on 
the wall surface and exposed and eroded steel rebar and the void underneath 
the steel track on top of the central pier. 

No.19:  The central concrete pier; note the circular steel track on top of the 
concrete pier, the balance wheel on the track and steel pillow block rest to 
support the transverse beam of the swing bridge. 



SITE PHOTOGRAPHS Figure 6K 
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No.22:  The west portion of the swing bridge abutment wall (the portion for 
the sidewalk and stairs).  Note the concrete wall was poured in different years 
and the cracks between different pours. 

  

No.21:  Central pintle with a round steel plate (Approx. Dia. 0.8m) bolted on 
concrete platform slightly elevated above the pier concrete. 



SITE PHOTOGRAPHS Figure 6L 
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No.23:  A close look of the west portion of the swing bridge abutment wall (the 
portion for the sidewalk and stairs).  Note the concrete wall was poured in 
different years and the cracks between different pours; note the drainage hole 
on the wall. 

No.24:  The northeast of the swing bridge; note the nearly-straight-line crack 
from the edge of the wing wall extending west to a distance of about 1.5 m.     



SITE PHOTOGRAPHS Figure 6M 
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No.26:  Location of the Corehole 1. 
.

No.25:  The retaining wall on the northwest side of the swing bridge; note the 
upper portion of the concrete was poured in different years and cracks 
between the different pours; note the deterioration of lower portion concrete. 



SITE PHOTOGRAPHS Figure 6N 
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No.27:  Location of Corehole 2.

No. 28:  Locations of Coreholes 4 and 5. 
 



SITE PHOTOGRAPHS Figure 6O 
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No.29:   Photograph of the Corehole 1 cores. 
 
 

No.30: Photograph of the Corehole 2 cores.



SITE PHOTOGRAPHS Figure 6P 
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No.32:  Photograph of the Corehole 4 cores. 

No.31:  Photograph of the Corehole 3 cores.
 



SITE PHOTOGRAPHS Figure 6Q 
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No.34:  Photograph of the Corehole 5 cores.

No.33:  Photograph of the Corehole 5 cores.



SITE PHOTOGRAPHS Figure 6R 
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No.35:  Photograph of the Test Pit 1.
 

No.36:  Photograph of the Test Pit 1.  The limestone bedrock exposed at 
the bottom of the test pit. 





 

GEOTECHNICAL EVALUATION                                                       
HASTINGS SWING BRIDGE 

 

November 21, 2011 
Report No. 11-1184-0022  

 

APPENDIX A  
Important Information and Limitations of This Report 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

IMPORTANT INFORMATION AND LIMITATIONS TO THIS REPORT 

 
 

Page 1 of 2 

 

Standard of Care: Golder Associates Ltd. (Golder) has prepared this report in a manner consistent with that 
level of care and skill ordinarily exercised by members of the engineering and science professions currently 
practising under similar conditions in the jurisdiction in which the services are provided, subject to the time limits 
and physical constraints applicable to this report.  No other warranty, expressed or implied is made. 

Basis and Use of the Report: This report has been prepared for the specific site, design objective, 
development and purpose described to Golder by the Client.  The factual data, interpretations and 
recommendations pertain to a specific project as described in this report and are not applicable to any other 
project or site location. Any change of site conditions, purpose, development plans or if the project is not initiated 
within eighteen months of the date of the report may alter the validity of the report.  Golder can not be 
responsible for use of this report, or portions thereof, unless Golder is requested to review and, if necessary, 
revise the report. 

The information, recommendations and opinions expressed in this report are for the sole benefit of the Client.  
No other party may use or rely on this report or any portion thereof without Golder’s express written consent.  If 
the report was prepared to be included for a specific permit application process, then upon the reasonable 
request of the client, Golder may authorize in writing the use of this report by the regulatory agency as an 
Approved User for the specific and identified purpose of the applicable permit review process.  Any other use of 
this report by others is prohibited and is without responsibility to Golder. The report, all plans, data, drawings and 
other documents as well as all electronic media prepared by Golder are considered its professional work product 
and shall remain the copyright property of Golder, who authorizes only the Client and Approved Users to make 
copies of the report, but 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 available the report or any 
portion thereof to any other party without the express written permission of Golder.  The Client acknowledges 
that electronic media is susceptible to unauthorized modification, deterioration and incompatibility and therefore 
the Client cannot rely upon the electronic media versions of Golder’s report or other work products. 

The report is of a summary nature and is not intended to stand alone without reference to the instructions given 
to Golder by the Client, communications between Golder and the Client, and to any other reports prepared by 
Golder for the Client relative to the specific site described in the report.  In order to properly understand the 
suggestions, recommendations and opinions expressed in this report, reference must be made to the whole of 
the report.  Golder cannot be responsible for use of portions of the report without reference to the entire report.  

Unless otherwise stated, the suggestions, recommendations and opinions given in this report are intended only 
for the guidance of the Client in the design of the specific project.  The extent and detail of investigations, 
including the number of test holes, necessary to determine all of the relevant conditions which may affect 
construction costs would normally be greater than has been carried out for design purposes.  Contractors 
bidding on, or undertaking the work, should rely on their own investigations, as well as their own interpretations 
of the factual data presented in the report, as to how subsurface conditions may affect their work, including but 
not limited to proposed construction techniques, schedule, safety and equipment capabilities. 

Soil, Rock and Groundwater Conditions:  Classification and identification of soils, rocks, and geologic units 
have been based on commonly accepted methods employed in the practice of geotechnical engineering and 
related disciplines.  Classification and identification of the type and condition of these materials or units involves 
judgment, and boundaries between different soil, rock or geologic types or units may be transitional rather than 
abrupt.  Accordingly, Golder does not warrant or guarantee the exactness of the descriptions. 

Special risks occur whenever engineering or related disciplines are applied to identify subsurface conditions and 
even a comprehensive investigation, sampling and testing program may fail to detect all or certain subsurface 
conditions.  The environmental, geologic, geotechnical, geochemical and hydrogeologic conditions that Golder 
interprets to exist between and beyond sampling points may differ from those that actually exist.  In addition to 
soil variability, fill of variable physical and chemical composition can be present over portions of the site or on 
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adjacent properties.  The professional services retained for this project include only the geotechnical aspects of 
the subsurface conditions at the site, unless otherwise specifically stated and identified in the report. The 
presence or implication(s) of possible surface and/or subsurface contamination resulting from previous activities 
or uses of the site and/or resulting from the introduction onto the site of materials from off-site sources are 
outside the terms of reference for this project and have not been investigated or addressed. 

Sample Disposal: Golder will dispose of all uncontaminated soil and/or rock samples 90 days following issue of 
this report or, upon written request of the Client, will store uncontaminated samples and materials at the Client’s 
expense. In the event that actual contaminated soils, fills or groundwater are encountered or are inferred to be 
present, all contaminated samples shall remain the property and responsibility of the Client for proper disposal.  

Follow-Up and Construction Services:  All details of the design were not known at the time of submission of 
Golder’s report.  Golder should be retained to review the final design, project plans and documents prior to 
construction, to confirm that they are consistent with the intent of Golder’s report. 

During construction, Golder should be retained to perform sufficient and timely observations of encountered 
conditions to confirm and document that the subsurface conditions do not materially differ from those interpreted 
conditions considered in the preparation of Golder’s report and to confirm and document that construction 
activities do not adversely affect the suggestions, recommendations and opinions contained in Golder’s report.  
Adequate field review, observation and testing during construction are necessary for Golder to be able to provide 
letters of assurance, in accordance with the requirements of many regulatory authorities.  In cases where this 
recommendation is not followed, Golder’s responsibility is limited to interpreting accurately the information 
encountered at the borehole locations, at the time of their initial determination or measurement during the 
preparation of the Report. 

Changed Conditions and Drainage: Where conditions encountered at the site differ significantly from those 
anticipated in this report, either due to natural variability of subsurface conditions or construction activities, it is a 
condition of this report that Golder be notified of any changes and be provided with an opportunity to review or 
revise the recommendations within this report.  Recognition of changed soil and rock conditions requires 
experience and it is recommended that Golder be employed to visit the site with sufficient frequency to detect if 
conditions have changed significantly. 

Drainage of subsurface water is commonly required either for temporary or permanent installations for the 
project.  Improper design or construction of drainage or dewatering can have serious consequences.  Golder 
takes no responsibility for the effects of drainage unless specifically involved in the detailed design and 
construction monitoring of the system. 
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APPENDIX B  
Results of Laboratory Compressive Testing for Rock Cores and 
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Project Hastings Swing Bridge, Hastings, ON 

 
 Date Received: May 30, 2011   Date Tested: May 30, 2011  
   

Core Number Sa1 Sa2 Sa1 Sa2 

Location Hole 2 Hole 2 Hole 3 Hole 3 

Golder Lab Number C-11-571 C-11-572 C-11-573 C-11-574 

Moisture Condition at time of Test Dry Dry Dry Dry 

Capping Materials Sulphur Sulphur Sulphur Sulphur 

Capped Height (mm) 114.0 113.5 112.0 114.0 

Average Diameter (mm) 57.0 57.0 57.0 57.0 

Density (Mg/m3) 2.413 2.399 2.260 2.459 

Load (kN) 126.47 140.74 78.93 123.80 

Compressive Strength (MPa) 49.6 55.2 30.9 48.5 

Corrected Compressive Strength (MPa) 49.6 55.1 30.8 48.5 

Remarks: 

                                                    
 
 
 
 
 
 
                                       Reviewed by:  _________________________________                           
                                                                  Jeremy Rose, Laboratory Manager  

OBTAINING AND TESTING DRILLED CORES FOR COMPRESSIVE STRENGTH TESTING
(CSA A23.2-14C) 
 
Job Number:        11-1184-0022 
 
ATTENTION:       Mr. Steve Jagdat 
                              
                              
                              
 



UNCONFINED COMPRESSION TEST (UC)
ASTM D 7012-07

SAMPLE IDENTIFICATION

PROJECT NUMBER

CORE HOLE

11-1184-0022 SAMPLE NUMBER

2 SAMPLE DEPTH, m
TEST CONDITIONS

2.0-2.1

MACHINE SPEED, mm/min

DURATION OF TEST,min

TYPE OF SPECIMEN

;:.2.::15 UD

SPECIMEN INFORMATION

Rock Core

1.55

SAMPLE HEIGHT, cm

SAMPLE DIAMETER, cm

SAMPLE AREA, cm2

SAMPLE VOLUME, cm3

WET WEIGHT, 9

DRY WEIGHT, 9

8.79

5.68

25.32

222.47

595.60

594.83

WATER CONTENT, (specimen) %

UNIT WEIGHT, kN/m3

DRY UNIT WT., kN/m3

SPECIFIC GRAVITY, assumed

VOID RATIO

0.13

26.24

26.21

2.70

0.01

VISUAL INSPECTION FAILURE SKETCH

I

TEST RESULTS

STRAIN AT FAILURE, % COMPRESSIVE STRESS, MPa 151.1

REMARKS: UD Ratio not in accordance with ASTM Standard DATE: 5/26/2011

Checked By: ~4 Golder Associates



UNCONFINED COMPRESSION TEST
ASTM D7012-07

FIGURE

Project N°: 11-1184-0022
Corehole N°: 2

Depth: 6'8"-7'0"

BEFORE COMPRESSION

Project N°: 11-1184-0022
Corehole N°: 2

Depth: 6'8"-7'0"
LaP. 0." 11-2405

l_____~FTER COMPRESSION

5/26/2011
Date ........................................................

Project .....JJ.~.U..~~~gg?.~. Golder Associates

AH
Drawn ........... .. .........

C h kd. .........'Jl..:.:!l.......



UNCONFINED COMPRESSION TEST (UC)
ASTM D 7012-07

SAMPLE IDENTIFICATION

PROJECT NUMBER

CORE HOLE

11-1184-0022 SAMPLE NUMBER

4 SAMPLE DEPTH, m
TEST CONDITIONS

2.8-3.0

;:.2 .::15

TYPE OF SPECIMEN

UD

Rock CoreMACHINE SPEED, mm/min

DURATION OF TEST,min 2.36

SPECIMEN INFORMATION

SAMPLE HEIGHT, cm

SAMPLE DIAMETER, cm

SAMPLE AREA, cm2

SAMPLE VOLUME, cm3

WET WEIGHT, 9

DRY WEIGHT, 9

13.24

5.60

24.63

326.00

871.00

869.35

WATER CONTENT, (specimen) %

UNIT WEIGHT, kN/m3

DRY UNIT WT., kN/m3

SPECIFIC GRAVITY, assumed

VOID RATIO

0.19

26.19

26.14

2.70

0.01

VISUAL INSPECTION FAILURE SKETCH

TEST RESULTS

STRAIN AT FAILURE, % COMPRESSIVE STRESS, MPa 90.3

REMARKS: DATE: 5/26/2011

Checked By: vt(,A,t Golder Associates



UNCONFINED COMPRESSION TEST
ASTM D7012-07

FIGURE

Project W: 11-1184-0022
Corehole N°: 4

Depth: 9'2"-9'9"
07

BEFORE COMPRESSION

Project W: 11-1184-0022
Corehole N°: 4

Depth: 9'2"-9'9"
Lab N°: 11-2407

AFTER COMPRESSION

5/26/2011
Date ........................................................

Project ........U.~L~ß~~gg?.~ Golder Associates
AH

Drawn ..............Pr. ....

Chkd.............~ll..
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