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1 INTRODUCTION 

Amec Foster Wheeler Environment & Infrastructure, a division of Amec Foster Wheeler Americas 
Limited (Amec Foster Wheeler), has been retained by Public Works and Government Services 
Canada (PWGSC), in accordance with the RFP, dated June 19, 2017, to carry out a geotechnical 
investigation at the site of the existing Hampton wharf. The site is located in Hampton, Nova Scotia.  

The purpose of the investigation was to determine the subsurface conditions at the site, and based 
on these conditions, to provide geotechnical design recommendations for the proposed repair of the 
existing wharf.   

This report, prepared specifically and solely for the proposed project described herein, contains all of 
our findings and includes geotechnical design recommendations.   

There should also be an ongoing liaison with Amec Foster Wheeler during both the detailed design 
and construction phases of the project to ensure that the recommendations in this report have been 
interpreted and implemented correctly. Also, if any further clarification and/or elaboration are needed 
concerning the geotechnical aspects of this project, Amec Foster Wheeler should be contacted 
immediately. 

2 PROJECT AND SITE DESCRIPTION  

The existing wharf approach consists of a closed face timber pile and tie back system retaining wall. 
It is understood that the retaining wall requiring repairs has an approximate length of 32 m and 
spans from the bridge abutment to a more recently constructed retaining wall. According to historical 
records, the timber pile retaining wall was constructed in 1976. The timber piles have been 
displaced and tilted outward. The tieback system (tie rods connecting whale on the piles to a 
concrete anchor wall) is failing. The existing backfill material consists of granular fill. 

The wharf’s site is located in Hampton, Nova Scotia. The site location and project layout are shown 
on Figure 1.  

3 INVESTIGATION PROCEDURE 

The field work for the investigation was carried out under the supervision of Amec Foster Wheeler 
personnel on August 10 and September 14, 2017. A total of three boreholes (BH1 to BH3) were 
drilled at the site to depths ranging from 6.7 to 8.8 m. The three boreholes were drilled just in front of 
the existing timber pile retaining wall at a distance of 5, 14 and 27 m from the intersection of the wall 
with the bridge. The borehole locations are shown on the attached plan in Figure 2. 

The boreholes were advanced using a track mounted drill rig provided by Nova Drilling Inc. The soils 
encountered were sampled at continuous intervals using a 50mm O.D. split spoon sampler. In order 
to assess the relative density and/or consistency of the subsoils, a Standard Penetration Test (SPT) 
was carried out for each sample attempt.  
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Figure 1: Site Location and Project Layout 

During drilling of the boreholes, the soils encountered were visually classified. Representative 
samples were placed in moisture-tight containers and taken to our laboratory for classification and 
testing.  

The borehole locations were established in the field by our personnel.    

4 SUBSURFACE CONDITIONS 

Details of the soils conditions encountered at the borehole locations are provided on the borehole 
logs in Appendix A.  The following sections summarize the soils conditions and describe them in 
accordance with the Unified Soil Classification System (USCS). 

It should be noted that stratigraphic boundaries indicated on the borehole logs typically represent a 
transition from one soil type to another and do not necessarily indicate an exact plane of geologic 
change. Subsurface conditions may vary between and beyond the borehole locations.  

4.1 Silty Sand with Cobbles 

A layer of red brown, silty sand with cobbles and small boulders was encountered from ground 
surface at all the boreholes. The thickness of this layer ranged from 0.6 m to 0.9 m. 
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Figure 2: Borehole Location Plan 

Measured ‘N’ values in this layer ranged from 3 to 25, indicating a very loose to compact 
compactness condition. The high N value is attributed to the presence of cobbles.   

4.2 Sandy Silty Clay 

A layer of red brown, sandy silty clay (CL-ML) was encountered below the silty sand with cobbles at 
all the boreholes. This layer extended to the bottom of BH3. The thickness of this layer ranged from 
5.7 m to over 6.1.  

Grain size analyses (curves appended in Appendix B) performed on two samples of this layer 
indicated the material to contain 2% to 3% gravel, 29% to 33% sand and 65% to 69% silt and clay 
sizes. 

An Atterberg limit test performed on one sample of this layer indicated the material to be of low 
plasticity, with a liquid limit of 20 and a plasticity index of 7. The test results are presented on the log 
in Appendix A and on the sieve sheet in Appendix B. 

The in-situ water content from two samples of this layer ranged between 18.1 and 20.0 percent.  

Measured ‘N’ values in this layer ranged from 4 to over 17, indicating a firm to very stiff consistency.  

4.3 Sandy Clay 

A layer of red brown, sandy clay was encountered below the sandy silty clay in BH2. This layer 
extended to the bottom of BH2. The thickness of this layer was 2.1 m.  
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4.4 Inferred Bedrock 

Bedrock was inferred below the sandy silty clay in BH1 at 6.5 m depth below ground surface.  

4.5 Groundwater Conditions 

Groundwater was not observed during drilling of the boreholes. However, the area is located in the 
tidal zone.   

5 DESIGN RECOMMENDATIONS 

5.1 General 

It should be noted that the design recommendations for this project are provided for the guidance of 
the designers. The contractors bidding on or undertaking the work should make their own 
assessment of the site and interpretation of the recommendations provided as it affects their 
construction procedures and scheduling. 

As mentioned above, the existing closed face timber piles act as a 32 m long retaining wall to 
support the wharf. The maximum retained height of the wharf is about 5 m. The top of the piles are 
tied back with tie rods to a concrete anchor wall. As mentioned previously the existing timber piles 
have been displaced and tilted outward as a result of failing tieback system. 

The following is understood: 

- The proposed repair of the wharf will include installation of a new retaining structure in front 
of the existing (failing) wall to provide required lateral support for the existing wharf;  

- The new retaining structure will be constructed of pressure treated timber piles tied back to 
the existing concrete anchor wall;  

- The new timber piles will have a 150 to 200 mm tip diameter and 300 mm butt diameter; 

- The gap between the existing wall and the new retaining structure will be filled with granular 
material; and,  

- There will be no vertical load on the piles other than their own weights.   

5.2 Timber Piles 

5.2.1 Structural Design 

As per the 2006 Canadian Foundation Engineering Manual (CFEM), the structural design of wood 
piles must conform with the requirements of Section 4 of the National Building Code of Canada 
(2005). No special consideration needs to be given to handling stresses, but special precautions 
must be taken to protect the pile toe and head from damage due to driving stresses.  

5.2.2 Penetration Depth 

The CFEM (2006) provides general guidelines for determining penetration depth of flexible sheet-
pile retaining walls similar to the proposed retaining structure at Hampton Wharf. 

As per CFEM (2006), two different methods can be used for design of single-anchor wall systems, 
namely the "free-earth" and "fixed-earth" methods. Given the soft ground condition at the site, the 
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“free-earth” method can be considered more appropriate and suitable for design of single anchor 
wall system at Hampton Wharf. The "free-earth" method assumes that the wall acts as a beam 
spanning two supports, these being the top anchorage and the passive pressure of the earth below 
the harbour bottom (i.e. the wall is free to rotate or translate horizontally at its bottom end). 

To determine the required depth of pile penetration (D), active, passive, surcharge and water 
pressures on the retaining wall should be estimated first. Given the clayey nature of the harbour 
sediment, lateral pressure distribution on the timber pile wall can be simplified as shown below in 
Figure 3.  

Granular 
Fill H

D

Anchor

Granular Fill  H Ka

4Cu - Granular Fill  H

Clayey Harbour Sediment

 

Figure 3. Schematic lateral pressure distribution on anchored sheet pile wall in clay 

If regular traffic is present on the wharf, lateral impact of that traffic (on the retaining wall) should be 
added to the pressure distribution presented above. 

As shown on Figure 3, an active pressure coefficient Ka, unit weight of granular fill  and undrained 
shear strength Cu of harbour sediment are required to estimate lateral pressures on the wall. For the 
purpose of preliminary wall sizing, the Ka and unit weight of granular fill can be assumed as 0.26 and 
21.5 kN/m3, respectively.   The recommended (for preliminary design) undrained shear strength of 
the harbour sediment is shown below on Figure 4. 
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Figure 4. Proposed undrained shear strength of harbour sediment 

Typically, the required depth of penetration is determined from the moment equilibrium about the 
support point. CFEM (2006) recommends increasing this estimated depth by 30 % to 40 % to 
provide an adequate factor of safety of 2 or more. Based on our preliminary estimates, a penetration 
depth of the new timber piles should be at least 4.2 m.  

It is possible that the lateral pressure induced by the new fill may not fully develop (as shown on 
Figure 3) due to the narrow space to be filled between the existing (failing) and the new timber pile 
walls. On the other hand, it is unclear how the existing (failing) timber wall will interact with the new 
fill and the new timber pile wall. It is very difficult to model these conditions accurately and this 
modelling is out of our current scope. Therefore, for the purpose of preliminary wall sizing, applying 
full active pressure on the new wall (the way it is shown on Figure 3) is an acceptable and simplified 
alternative to more complex modelling.   

5.2.3 Negative Friction (down drag) 

After the new piles are installed through a stratum of cohesive harbour sediment, the downward 
movement of the consolidating sediment (see Section 5.3) will cause a drag on the pile. The 
downward drag may cause settlement and reduce axial capacity of the pile. However, based on our 



PWGSC    
Geotechnical Investigation  
Hampton Wharf, Hampton, NS  
October 2017 
 

Page 8 

understanding, there will be no vertical load on the new piles other than their own weights. 
Therefore, potential settlement and reduced axial capacity of the new timber piles due to down drag 
have minimal to no impact on the structural integrity of the wharf.  

5.2.4 Installation of Timber Piles 

As per CFEM (2006), when driving wood piles, low-velocity hammer blows should be used. For 
example, drop hammers and single acting steam/air hammers should have relatively small heights 
of fall, and incorporate a soft cushion in the cap block. The size of the hammer used for the driving 
depends on local experience and on a number of factors, among them the weight of the pile, its size 
(diameter of head and toe), impedance and the soil properties. The hammer-rated energy should be 
about 24 000 Joules and should not exceed a value equal to 160 000 J (Newton metre) times the 
pile head diameter in metres.  

The pile heads should be provided with protection in the form of a steel ring and the pile toe should 
be protected with a special steel driving shoe. Timber piles cannot withstand hard driving. Over-
driving will generally lead to the destruction of the pile. To avoid this, driving must be stopped when 
high resistance to penetration is encountered. The set criteria should not exceed 8 blows/25 mm.   

Our understanding is that the new retaining wall will not be used to tie boats and, therefore, no 
dredging is required at the basin. Yet, a trench should be excavated in the harbour bottom to 
accommodate installation of the new timber piles. Our understanding is that the proposed trench will 
be offset 1 to 2 m from the base of existing wall and approximately 0.9 m deep. The trench is 
required to remove large cobbles and boulders (from the harbour bottom) that may obstruct pile 
driving operations. The trench should be backfilled with granular fill following the completion of new 
pile installation.   

5.3 New Granular fill  

5.3.1 Fill Gradation 

The new granular fill to be placed between the new and the existing piles should consist of rock fill 
between 50 and 250 mm in sizes.    

5.3.2 Consolidation Settlement under the New Fill 

The new fill placed between two walls (existing and new) will introduce additional weight on the (soft) 
harbour sediment causing it to settle. The settlement typically comprises of three components, 
namely immediate settlement, consolidation settlement and secondary compression (creep). The 
magnitude of each component varies depending on the soil type and properties. Typically, 
consolidation settlement dominates in saturated or nearly saturated fine grain soils.   

To accurately estimate the consolidation settlement under the new fill, advanced field sampling 
program combined with advanced soil laboratory testing is required. However, this program and 
testing is outside of the current scope.  

Based on our preliminary estimates, the consolidation settlement under the new fill is not expected 
to exceed 20 cm with 90% consolidation to be completed within four years (or less). These 
estimates were made based on the following assumptions:  

- The thickness of the new fill is 5.1 m;  

- Offset distance between the new and the existing timber pile walls is 2 m or less;   
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- The thickness of the soft harbour sediment ranges between 6.5 and 10 m and it (harbour 
sediment) is underlain by low permeability bedrock; and, 

- The consolidation characteristics of the soft harbour sediment were approximated based on 
published empirical relationships.  

6 CLOSURE 

A geotechnical investigation provides only a limited sampling of a site.  The recommendations 
contained in this report are based solely on the conditions encountered at the borehole locations.  
Should any conditions be encountered which differ from those at the borehole locations, we request 
that we be notified immediately in order to permit reassessment of our recommendations. 

This work has been undertaken in accordance with normally accepted geotechnical engineering 
practices.  No other warranty is expressed or implied.  The limitations of this report are expressed in 
Appendix C. Any use which a third party makes of this information, or any reliance on or decisions 
made based on it, are the responsibility of such third parties.  Amec Foster Wheeler accepts no 
responsibility for damages, if any, suffered by any third party as a result of decisions made or 
actions based on this report. 

 
Sincerely, 
 
AMEC Foster Wheeler Environment & Infrastructure 
A division of AMEC Foster Wheeler Americas Limited 

           

Joseph Fakhri, M.A.Sc., P.Eng. 
Senior Geotechnical Engineer 
 

Ilia Wainshtein, PhD., P.Eng. 
Geotechnical Engineer 
 

 

 



    

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX A 

 

BOREHOLE LOGS 

 



     

 
     GENERAL REPORT NOTES 

 
STANDARD PENETRATION TEST—SPT 
The standard penetration values are recorded on the Borehole Records as N values. 
The N values are the number of blows required to advance a standard, 50 mm diameter, 
split spoon sampler a distance of 305 mm into the soil using a 63.5 kg hammer freely 
falling a distance of 760 mm. 
 
DYNAMIC CONE PENETRATION TEST----DCPT 
This is a similar procedure to that used in driving a standard 50 mm split spoon sampler 
except that a cone is driven rather than a soil sampler. A variety of cones can be used. 
Often the cones are 51 mm diameter with a 60 degree taper from the tip. 
 
SAMPLE TYPE ABBREVIATION USED ON BOREHOLE LOGS 
S.S.  Split spoon  S. H. Shelby tube W.S. Wash sample  
A.S. Auger sample   R. C. Rock Core P. Sample pushed 
 
SOIL DESCRIPTION 
The standard terminology to describe cohesionless soils includes the compactness 
condition as generally determined by the SPT. 
 
The standard terminology to describe cohesive soils includes the consistency, which is 
based on various methods of determining undrained shear strength, and by SPT  
 
Cohesionless Soils.    Cohesive Soils 
 
Compactness         Undrained  
Condition  N Values  Consistency N Values Shear Strength, kPa  
 
Very loose 0 – 4   Very soft 0 – 2  < 12.5 
Loose  4 – 10   Soft  2 – 4  12.5 - 25 
Compact 10 – 30  Firm  4 – 8  25 – 50 
Dense  30 – 50  Stiff  8 – 15  50 - 100 
Very Dense > 50   Very stiff 15 – 30 100 – 200 
     Hard  >30  >200 
 
NOTE 
The soil conditions, profiles, comments, conclusions and recommendations found in this  
report are based upon samples recovered during the field work. Soils are heterogeneous 
materials, and, consequently, variations may be encountered at site locations away from 
where the samples were obtained. During construction, competent, qualified personnel 
should verify that no significant variations exist from those described in the report. 
 
 
 
 
 
 









    

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX B 

 

LAB TEST RESULTS 

 









    

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX C 

 

REPORT LIMITATIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

REPORT LIMITATIONS 
 
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 environmental 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.  It is recommended practice that the Geotechnical Engineer be retained 
during the construction to confirm that the subsurface conditions across the site do not 
deviate materially from those encountered in the test holes. 
 
The design recommendations given in this report are applicable only to the project 
described in the test, and then only if constructed substantially in accordance with the 
details stated in this report.  Since all details of the design may not be known, we 
recommend that we be retained during the final design stage to verify that the design is 
consistent with our recommendations, and that assumptions made in our analysis are 
valid. 
 
The comments made in this report relating to potential construction problems and 
possible methods of construction are intended only for the guidance of the designer.  
The number of test holes may not be sufficient to determine all the factors that may 
affect construction methods and costs.  For example, the thickness of surficial topsoil or 
fill layers may vary markedly and unpredictably.  The contractors bidding on this project 
or undertaking the construction should, therefore, make their own interpretation of the 
factual information presented and draw their own conclusions as to how the subsurface 
conditions may affect their work.  This work has been undertaken in accordance with 
normally accepted geotechnical engineering practices.  No other warranty is expressed 
or implied. 
 
Any use which a third party makes of this report, or any reliance on or decisions to be 
made based on it, are the responsibility of such third parties.  Amec Foster Wheeler 
Environment & Infrastructure accepts no responsibility for damages, if any, suffered by 
any third party as a result of decisions made or actions based on this report. 


