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1.0 PROJECT DESCRIPTION 

Quality Civil Engineering Consultants (QCEC) was contracted by Acuren Group Inc. to design a 
temporary retaining wall.  A new parking garage and condominium complex is in development 
on Duckworth Street and a temporary retaining wall is required for support along Henry Street 
to allow for construction of the building (Figure 1.1).   

 

Figure 1.1: Site Location 

The retaining wall will have a life of approximately three years then it will be backfilled and the 
new building will continue to provide long term support. 

A geotechnical investigation was completed on the site in 2011 and a topographical survey of 
the site is also available.  The developers of the parking garage also provided architectural 
drawings. 
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2.0 APPROACH 

Initially, a soil profile of the retaining wall area was developed based on the provided 
geotechnical investigation.  The soil profile includes soil details along the face of the retaining 
wall location as well as three cross sections along the length.  QCEC used the soil profile to 
assist in selecting an appropriate retaining wall for the soil type on site.  Site conditions and the 
soil profile are discussed in more detail in Section 4.0. 

Several retaining wall types were researched in an effort to select the best option for the 
current site conditions and restraints.  Potential solutions that were researched include:  

 Mechanically Stabilized Earth (MSE) walls  
 Earth backfilling  
 Prefabricated modular or rigid gravity walls  
 Reinforced concrete cantilever walls  
 Soil nailing 
 Partially embedded soldier piles  
 Continuous sheet pile walls.   

These retaining wall types were summarized by advantages and disadvantages then ranked in a 
decision table based on four criteria: applicability to the project, cost, ease of construction and 
construction time.  Based on the decision table, two options (soldier pile and soil nail retaining 
wall) were selected for the Duckworth Street retaining wall as detailed in Section 3.0. 

A preliminary design and cost estimate for both designs were completed to determine if one 
option was more cost efficient. Sections 5.1.2 and 5.2.2 outline the cost estimates based on 
preliminary design of each option. 

Upon the completion of the preliminary design, detailed design and drafting was completed for 
the soldier pile wall (selected design).  The cost estimate was then completed using data from 
RSMeans, local supply stores and unit prices provided by the client.  At the request of the client, 
Acuren, QCEC also developed a construction plan and schedule.  The construction plan is 
outlined in Section 8.0 and includes the required actions to construct the soldier pile retaining 
wall as well as a schedule (Appendix K) that details approximate time required to complete 
each task. 
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3.0 LITERATURE REVIEW 

Potential solutions for the temporary Duckworth Street retaining wall are outlined below in 
Table 3.1. 

Table 3.1: Wall Type Comparison 

Wall Type Advantages Disadvantages 

Mechanically 
Stabilized Earth (MSE) 
Walls 

 Easy to install 

 Quick construction time 

 Low labour costs  

 Height  limited to 8.5m 

 Wide base (~70% of retaining 
wall height) 

Earth Backfilling  Low cost (only equipment and 
labour costs since method uses 
existing soil) 

 Easy to construct 

 Not suitable for high walls and 
large loads/pressure 

 Wide base  

Prefabricated 
modular or rigid 
gravity walls 

 Can be used for depths >8.5m  

 Reduced construction time due 
to prefabrication 

 Potentially high cost 

 Wide base (~50-70% of the 
retaining wall height) 

 Costly if not prefabricated with 
concrete or timber cribs/bins 

 Can be difficult to construct 
depending on the design  

Reinforced Concrete 
Cantilever Wall 

 Can be used for depths >8.5m  

 Smaller than a concrete gravity 
wall 

 Economical up to ~7.5m 

 Wide base (~50-60% of retaining 
wall height) 

Soil Nailing  Economical alternative to 
traditional retaining walls 

 Can be used for narrow spaces 

 Not applicable for loose soil.   

Partially Embedded 
Soldier Piles 

 Narrow base  

 Less labour required 

 Lower labour costs 

 Can be used for building pits 
and areas with underground 
facilities 

 Increased costs if concrete or 
steel panel lagging is used  

 A tie back system may be 
required to support increased 
heights and loading 

Continuous Sheet Pile 
Walls 

 Narrow base  Ideal height <6m 

 A tie back system may be 
required to support increased 
heights  
(up to ~24m) 
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Based on the advantages and disadvantages outlined above, it was evident that some options 

will not be feasible for the location.  The limited space for the retaining wall due to the 

construction of the parking garage and condominium is a major factor in choosing a retaining 

wall.  The critical height to be used in the design of the retaining wall is approximately 8.5 

meters.  Therefore, options with a wide base (50%-70% of wall height) such as MSE walls, 

gravity walls and reinforced concrete cantilever walls will not be applicable.  Also, the earth 

backfilling would not be suitable for the height required of the retaining wall.  However, a 

decision table based on weighted factors was developed to determine the best option for the 

site's criteria (Table 3.2).   

Table 3.2: Retaining Wall Decision Table 

Wall Type Applicability Cost 
Ease of 

Construction 
Construction 

Time 
Total Rank 

Weighting Factor 70% 15% 10% 5% 100% - 

Mechanically 
Stabilized Earth 
(MSE) Walls 

3 2 2 2 2.7 5 

Earth Backfilling 3 1 2 2 2.6 4 

Prefabricated 
modular or rigid 
gravity walls 

3 2 2 2 2.7 5 

Reinforced 
Concrete 
Cantilever Wall 

3 3 2 3 2.9 7 

Soil Nailing 1 2 2 2 1.3 2 

Partially 
Embedded Soldier 
Piles 

1 1 2 2 1.2 1 

Continuous Sheet 
Pile Walls 

2 2 3 2 2.1 3 

 
Applicability  
(based on height & space) Cost 

Ease of 
Construction 

Construction 
Time 

1-Most Applicable 1-Low 1-Easy 1-Relatively Short 

2-Possibly Applicable 2-Medium 2-Easy to Difficult 2-Short to Long 
3-Least Applicable 3-High 3-Difficult 3-Relatively Long 
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QCEC determined four factors to be considered when choosing the retaining wall: applicability, 

cost, ease of construction and construction time.  These factors were weighted based on 

QCEC's understanding of the client's needs with regards to the chosen retaining wall.  The 

retaining wall's applicability to the site conditions (e.g. limited space for the base of the wall) 

was weighted with a factor of 70%.  This factor was particularly high because if the base of the 

retaining wall is not narrow enough it cannot be considered an option.  Cost was given a factor 

of 15% because if two options were considered equal in all regards the most cost efficient 

option would be chosen.  Ease of construction and construction time were ranked the lowest 

with 10% and 5% respectively.  Ease of construction was ranked slightly higher because the 

retaining wall is in a residential area, therefore minimal interruptions and noise due to 

construction methods would be ideal. 

Based on the results of Table 3.2, a soldier pile wall would be the best option for the Duckworth 

Street temporary retaining wall and soil nailing could be a second possible alternative. 

 

4.0 SITE CONDITIONS 

In 2011, exp Services Inc. conducted a geotechnical subsurface investigation including a total 13 
test pits and seven boreholes.  Four boreholes (BH02, BH04, BH05 and BH06) and three test pits 
(TP08, TP12 and TP13) were located in the vicinity of the proposed retaining wall (Figure 03 of 
Appendix C).  The report detailing the investigation was provided to QCEC by Acuren Group Inc. 
for reference throughout the design of the retaining wall (Appendix A). 

QCEC analyzed the borehole and test pit records to create a soil profile for the benefit of the 
design process (Appendix C).  Four cross sections were developed by linear interpolation of 
these records as shown in Figures 01 to 04 of Appendix C.  The soil on site consists mainly of 
granular fill and till which extends from 0.3 to 8.41 meters below ground surface.  The report 
describes the fill as greyish brown or dark grey to black gravelly sand with some silt and 
occasional cobbles and boulders.  The till is described as brownish-grey to grey gravelly sand to 
a sand and gravel with traces of some silt and occasional cobbles and boulders.  Bedrock is 
classified as very severely fractured to fractured medium grey sandstone.   

Based on the geotechnical analysis, exp Services Inc. recommended soil parameters for design 
which are outlined below in Table 4.1.  These are the parameters used by QCEC throughout the 
design of the retaining wall. 
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Table 4.1: Recommended Geotechnical Parameters 

 From Table 2 of the Geotechnical Report (Appendix A) 
Proposed Parking Garage 

Duckworth Street at Bell Street 

St. John's, Newfoundland and Labrador 

Parameter Compacted Engineered Fill 

Total Unit Weight, KN/m3 20.5 

Buoyant Unit Weight, KN/m3 10.5 

Effective Friction Angle, degrees 36 

Coefficient of Active Earth Pressure, Ka 0.26 

Coefficient of Passive Earth Pressure, Kp 3.8 

Coefficient of Earth Pressure at Rest, Ko 0.41 

 

As requested by the client, a one meter space must be maintained between the retaining wall 
and the building construction line to ensure accessibility for construction.  This request placed 
size restrictions on the type of retaining wall that can be implemented in the limited space.  
However, based on the retaining wall location in Figure 05 of Appendix C, the space between 
the retaining wall and construction line is 5.09 meters on the south end (soil height of 2.78 
meters) and 4.4 meters on the north end (soil height of 7.33 meters).   

In addition, soil will be removed for the construction of the retaining wall and the bedrock will 
be excavated in steps to provide a level construction surface (Figure 02 of Appendix D). 
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5.0 PRELIMINARY DESIGN 

Based on the literature review and the site conditions, two potential options were explored by 
QCEC.  The top two ranked options in Table 3.2 were soldier pile wall and soil nailing wall.  
QCEC developed a preliminary design and cost estimate of each option to determine which 
option would be more efficient for the Duckworth Street Retaining Wall. 

 

5.1 SOLDIER PILE RETAINING WALL 

 

5.1.1 DESIGN 

The preliminary design of the soldier pile retaining wall includes HP piles and timber lagging 
along the 65 meter length of the proposed retaining wall location.  Typical values were found 
through literature review and communication with the client and used to complete the 
preliminary design . The piles are spaced at 3 meters, therefore, the number of piles required 
was determined by dividing the length of the wall by the spacing plus an additional pile at the 
end. The number of steel piles required using this design method is 22.  The timber lagging 
placed between the steel piles have an assumed typical dimension 100x250 millimeters.  The 
amount of timber required for the design was determined based on an assumed retaining wall 
height of 7 meters.  The holes for placing the piles are drilled and and based on a typical 
diameter of 550 mm (steel casing) and will need to be done for each pile (assumed embedment 
depth of 2 meters). Tiebacks are also required if the wall exceeds a height of 4.5m [1], 
therefore, the preliminary design assumes that at least one tieback will be required for each 
pile. Tiebacks include steel rods, grouting and drilling which has also been considered in the 
preliminary design.  Typical assumed lengths for grouting are 4.5 meters with a diameter of 168 
millimeters (Appendix G) therefore QCEC assumed a total tieback length of 8 meter for each 
pile. 
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Figure 5.2: Soldier  Pile Retaining Wall 

 

5.1.2 COST 

The soldier pile wall has typical components as determined in the preliminary design that must 
be considered for the cost estimate. The steel sections, timber, labour and equipment are the 
main factors to be considered for the initial cost estimate. Based on the preliminary drawings 
and design for the soldier pile retaining wall, 22 pile are required.  The piles are placed by 
drilling holes into the ground, therefore equipment and labour is taken into account for this as 
well.  The client has provided QCEC with some typical cost values that can be used for steel (kg), 
concrete (m3), drilling in soil and bedrock (m) and grout (m3), which include the materials, 
equipment, labour (Table 5.1). The holes are based on a 550 millimeter diameter for steel 
casing and the cost is determined using lineal meters of drilling required for both soil and 
bedrock.  The concrete is required for the embedment of the piles and a volume can be 
determined based on the hole diameter and assumed embedment depth.  Considering the 
height of the wall, QCEC implemented an estimate of one tieback per soldier pile. The tieback 
cost includes the anchor (steel – kg), the grouting (m3) and the drilling (m). 
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Table 5.1 - Unit Prices 

 

 

The timber that is placed between each steel section is 250x100 millimeters and 3 meters long.   
Based on these timber dimensions and an average wall height of approximately 7 meters, QCEC 
calculated the quantity of timber required for the design. The cost of timber and labour 
required (two labourers) can be calculated with data from RSMeans. 

The preliminary cost estimate for the soldier pile retaining wall is outlined below in Table 5.2. 

Table 5.2: Preliminary Cost Estimate for Soldier Pile Retaining Wall 

SOLDIER PILE WALL 

ITEM QUANTITY UNIT 
UNIT 
PRICE TOTAL 

PILES:         

STEEL 24200 kg $3.50 $84,700.00 

CONCRETE @ BASE 10.454 m3 $650.00 $6,794.87 

DRILLING (SOIL) (550mm diam) 176 m $180.00 $31,680.00 

DRILLING (ROCK) (550mm diam) 44 m $550.00 $24,200.00 

TIMBER LAGGING (RS Means) 588.9 ea N/A $27,326.87 

TIE-BACKS:         

RODS 1126.4 kg $3.50 $3,942.40 

GROUT 2.1945 m3 $400.00 $877.82 

DRILLING (168mm diam) 176 m $65.45 $11,520.00 

          

TOTAL:       $191,041.96 

  

Item Unit Unit Price

Excavation (Soil) m3 $15.70

Excavation (Rock) m3 $39.25

Steel m3 $3.50

Concrete m3 $650.00

Grout m3 $400.00

Drilling (Soil) m $180.00

Drilling (Rock) m $550.00
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5.2 SOIL NAIL RETAINING WALL 

Soil nail retaining walls consist of soil nails installed and grouted into the soil then sprayed with 
shotcrete and connected to a concrete face (cast-in-place) along the soil to be retained [2].  In 
Figure 5.2-a below, two soil nails are already installed and sprayed with shotcrete and a third 
soil nail is in the process of installation.  In Figure 5.2-b, the layer of shotcrete is sprayed on the 
third soil nail.  Figure 5.2-c, all three soil nails are installed with their layer of shotcrete. 
 

(a)      (b)      (c)  
 

Figure 5.2: Soil Nail Retaining Wall [3] 
 

The soil nails are composed of steel bars that are drilled and grouted at a specified angle to the 
horizontal [2].  These retaining walls require a "prequalified Anchored Wall Contractor" for 
construction which is unavailable in Newfoundland, therefore a contractor would have to 
relocate to Newfoundland for the duration of construction. 
 

5.2.1 DESIGN 

The preliminary design is based on standard design dimensions [2].  Shotcrete should be a 
minimum of 4 inches thick and the concrete facing should be a minimum of 8 inches thick.  The 
concrete face should also extend 6 inches above the soil grade.  Drain strips are also placed a 
maximum of 10 feet horizontally [2].  Typically, soil nails are installed with a drill hole diameter 
of 6 to 8 inches at an angle of 20 degrees to the horizontal.  Preliminary drawings for the soil 
nail retaining wall are in Appendix E. 
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5.2.2 COST 

Soil nail retaining wall quantity take-offs include the soil nails (anchors), shipping of the 
anchors, grouting, shotcrete and steel mesh. The cost of these items were provided by the 
client based on typical values used for cost estimates (Table 5.1).  The preliminary design 
includes approximately 149 nails which is the main factor when completing the cost estimate. 
However, the material for the soil nails must be shipped from out of province.  The exact 
location is unclear but QCEC assumed Toronto, Ontario for the preliminary estimate.  RSMeans 
supplies a cost per kilometer for shipping; therefore using the travel distance from Toronto to 
St. John’s (3075 kilometers) QCEC determined an approximate shipping cost.  
 
The preliminary cost estimate for the soil nail retaining wall is outlined in Table 5.3 below. 
 

Table 5.3: Preliminary Cost Estimate for Soil Nail Retaining Wall 

SOIL NAILING 
ITEM QUANTITY UNIT UNIT PRICE TOTAL 

Nails         

STEEL 5523.90 kg $3.50 $19,333.66 

SHIPPING (RS Means) 3075 km $1.26 $3,874.50 

GROUT 28.0044 m3 $400.00 $11,201.75 

DRILLING  863.11 m $65.45 $56,494.46 

STEEL MESH/Concrete 332.3 m2 $430.60 $143,071.84 

          

          

          

          

          

TOTAL:       $233,976.21 

In addition, due to the fact that a contractor experienced with soil nail retaining walls is not  
located in Newfoundland, additional costs would incur to relocate a contractor for the duration 
of the project.  These costs were not calculated because the soil nail retaining wall (Table 5.3) is 
already considerably more expensive than the soldier pile retaining wall option (Table 5.2).  For 
that reason, QCEC elected to design a soldier pile retaining wall for the construction of the 
Duckworth Street parking garage and condominium complex. 
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6.0 GENERAL DESIGN AND SKETCHING 

 

6.1 GENERAL 

Based on the preliminary design and cost estimate for the soil nail and soldier pile retaining 
wall, the soldier pile wall is the most feasible and economical option.   

However, as discussed in Section 4.0, the south end of the proposed retaining wall location has 
an available space of approximately 5 meters to the construction line.  In this area it is not 
necessary to have a retaining wall with a narrow base.  Therefore, combining a rigid gravity 
retaining wall with a soldier pile wall is a cost saving alternative.  Rigid gravity walls are 
constructed of unreinforced concrete which is readily available in Newfoundland.  Conversely, 
steel H-pile sections are uncommon in Newfoundland and must be delivered from the Nova 
Scotia.  This adds additional shipping expenses (included in unit prices in Table 5.1) which will 
be reduced by implementing a concrete rigid gravity retaining wall. 

 

6.2 RIGID GRAVITY RETAINING WALL 

Rigid gravity walls are suitable to retain up to 8.5 meters of soil with a base width of 
approximately 60-70% of the wall height.  Although its large dimensions make it an unsuitable 
choice for the entire retaining wall due to limited available space, the south end of the retaining 
wall has approximately 5 meters available to the construction line and 3 meters of soil to retain.  
This available space makes the rigid gravity wall a good alternative to the soldier pile wall due 
to its lower cost.  Therefore, QCEC proposed to construct a 15 meter long rigid gravity wall 
starting from the south end of the retaining wall location.   

As shown in Figure 6.1-a below, the final design of the rigid gravity wall includes a width of 0.5 
meters at the top, 2 meters at the bottom, and height of 4 meters.  The retaining wall is 
designed to run parallel to the construction line of the proposed parking garage and maintain a 
distance of 1 meter to the construction line. 
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Figure 6.1 - Rigid Gravity Retaining Wall 

 

Due to the excavation of the bedrock (Figure 02 of Appendix D), the design height for the rigid 
gravity wall is 6 meters.  The retaining wall is designed for a strength of 24 MPa cast-in-place 
concrete.  Other assumptions for the rigid gravity wall design include: 

 
 Natural backfill (excavated soil is used as backfill) 
 Backfill slope of 1:1 
 Groundwater level is below the base of the rigid gravity retaining wall 
 Wall friction is zero 
 Effective friction angle, φ', is used as both the critical state friction angle φ'cs and peak 

friction angle φ'p. 
 12 KPa design surcharge load 
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6.2.1 LOADING 

The rigid gravity wall must be designed to resist three types of failure: translational failure, 
rotational failure, and bearing failure.  The initial step is to determine the lateral forces applied 
on the wall by the retained soil.  The active soil pressure from the retained soil is calculated by 
using Rankine's Method: 

       
 

 
     

                   (Equation 6.2-1) 

where: 

Ka = the active earth pressure coefficient 

γ = total unit weight of the soil (kN/m3) 

Ho = height of the wall 

The active pressure created by the design surcharge load must also be calculated using: 

                                              (Equation 6.2-2) 

Due to the sloped backfill, the concentrated active load caused by the retained soil is acts at 
one third of the wall height at the same angle as the backfill slope (1:1).  The concentrated 
active load caused by the surcharge acts horizontally at one half of the wall height.  In an effort 
to simplify the calculations, the active loads applied on the retaining wall can be transformed 
into horizontal and vertical components with the following equations: 

           
 

 
                            (Equation 6.2-3) 

           
 

 
                   (Equation 6.2-4) 

where: 

a = 1 unit meter horizontal distance of backfill 

b = 1 unit meter vertical distance of backfill 

c = inclined distance of backfill for 1:1 slope 
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6.3 FAILURE MODES 

The design of the gravity retaining wall should resist all three modes of failure: translational 
failure, rotational failure and bearing failure. 

 

6.3.1 TRANSLATIONAL FAILURE 

For the retaining wall to resist translational failure, the base should sufficiently resist the lateral 
forces applied to the wall by the retained soil.  The typical factor of safety used for translation is 
1.5.   

In an effort to simplify calculations, QCEC divided the retaining wall into a triangular and 
rectangular shape based on its geometry (Figure 6.1-b).  The weight of each components are 
calculated using: 

   
 

 
                                (Equation 6.3-1) 

                                           (Equation 6.3-2) 

                                   (Equation 6.3-3) 

where: 

b1, b2 = Dimension of each component  

Ho = Height of the retaining wall 

γc = Unit weight of concrete 

W = Total weight of retaining wall 

The total moment on the retaining wall is calculated from Equation 6.3-4 below using 
dimensions shown in Figure 6.1-b: 

                     (               )                    
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The location of the vertical resultant force at the base of the retaining wall can be calculated 
with: 

 ̅  
  

  
                   (Equation 6.3-5) 

where: 

Mo = Total moment on retaining wall 

Rz = Resultant vertical force (W+Pav) 

The base resistance can then be calculated: 

           
 
                   (Equation 6.3-6) 

where: 

Rz = Vertical  resultant force 

φ'b = Base resistance factor 

The factor of safety for translation is determined by: 

      
 

   
                   (Equation 6.3-7) 

where: 

T = Horizontal resistance of the base 

Pah = Horizontal force from active soil pressure 

As shown in Appendix I, the final design has a factor of safety against translation of 1.568, 
which is greater than the minimum value of 1.5.  Therefore, the design is safe against 
translational failure. 

  



 
 

17 | P a g e  

6.3.2 ROTATIONAL FAILURE 

The rigid gravity wall must also resist rotational failure.  If the vertical resultant force, Rz ,is 
located between one third and two thirds of the base width, the wall is considered safe. The 
eccentricity of Rz is calculated with: 

   |
 

 
  ̅|                   (Equation 6.3-8) 

where: 

B = Width of the base 

   = Location of vertical resultant force 

If the eccentricity is less than   ⁄  (0.333 meters), the wall is considered safe against rotation. 
The final design has an eccentricity of 0.007 meters, therefore the design is safe against 
rotational failure. 

 

6.3.3 BEARING FAILURE 

Finally, the rigid gravity wall must also resist bearing failure which means the allowable soil 
bearing capacity should be greater than the maximum pressure caused by the gravity wall on 
the soil.  Since the wall is safe against rotational failure, no tensile forces will develop in the soil.  
The maximum stress occurs at point A in Figure 6.1-c and can be calculated from: 

     
  

 
      

 

 
                         (Equation 6.3-9) 

where: 

Rz = Vertical resultant force 

A = Area of base 

e = Eccentricity  

B = Width of the base 
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The vertical resultant force, Rz, is inclined to the vertical and eccentric (Figure 6.1-c).  
Therefore, a bearing capacity equation considering the inclined load should be used:  

        

  
                 (Equation 6.3-10)  

where: 

H = Pa 

Vn = Rz 

The base of the retaining wall can be treated as a strip footing; therefore the   ⁄  is 
approaching zero. The allowable soil capacity can be calculated using the following equation: 

                             (Equation 6.3-11) 

where: 

        

                    

      
 

  
  

The factor of safety against bearing can be calculated by: 

      
  

    
                     (Equation 6.3-12) 

Typically, a factor of safety of 3 for bearing is considered safe.  In the final design of the rigid 
gravity wall, a factor of safety of 4.29 was obtained which shows that the design is sufficient 
against bearing failure (Appendix I).  
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6.4 DRAINAGE 

Precipitation may increase the groundwater level and subsequently increase the water content 
of the backfilled soil.  This can decrease the stability of the retaining wall and cause it to fail.  
Weep holes have been implemented into the design to provide drainage for excess water.  As 
shown in Figure 04 of Appendix D, weep holes with a 75 millimeter diameter were used in the 
concrete retaining wall with a horizontal and vertical spacing of 1.5 meters.  

 

6.5 SOLDIER PILE RETAINING WALL  

Prior to detailed design of the soldier pile retaining wall, an excavation plan was developed for the 
reshaping of the bedrock in the location of the retaining wall (Figure 02 of Appendix B).  Based on the 
drawing, three different retaining wall heights were determined based on each 'step.'  The critical 
section (8.41 meters) is located on the lowest step and will have a retaining wall height of 8.5 meters.  
Other sections of the soldier pile retaining wall will have a height of 7.5 meters or 6.5 meters based on 
the excavation plan. 

In general, soldier pile walls exceeding 4.5 meters in height require the use of tiebacks [1].  When the 
soldier pile wall heights were finalized, it was evident that at least one or two tiebacks would be 
required at each height.  In an effort to determine the number of tiebacks required, three retaining wall 
models were developed: cantilever soldier piles, soldier piles with one tieback and soldier piles with two 
tiebacks. 

 

6.5.1 TIEBACK LAYOUT 

Typically tiebacks are installed at a slight angle (15°) from the horizontal [1] to limit additional axial 
forces on the soldier piles.  However, for the Duckworth Street retaining wall, underground obstructions 
had to be considered when designing the tiebacks.  According to the client, underground sewer facilities 
are located approximately 2 meters below the surface of Henry Street along the length of the retaining 
wall location.  For this reason, the first tiebacks are located 2 meters below the top of the soldier piles.  
This placement combined with the angle of the tiebacks proves sufficient for avoiding the underground 
sewer facilities.  Based on suggested guidelines, the second anchor will be installed 3 meters below the 
first anchor [4].  In addition, residential housing is located across Henry Street, therefore the horizontal 
distance of the tiebacks cannot exceed the width of the street (approximately 8.5 meters) to avoid 
conflicts with housing.  Subsequent to an evaluation of several tieback angles, an angle of 30° to the 
horizontal was selected to avoid the housing across Henry Street.  The final layout of the soldier pile and 
tieback system is shown in Figure 6.2 below. 



 
 

20 | P a g e  

 

Figure 6.2: Layout of the Selected Tieback System 

 

6.5.2 LOADING 

The retaining wall was designed to resist the lateral earth pressure of the soil and a uniform surcharge 
load (q) applied along the surface of the retained soil (Figure 6.3).  In the case of the Duckworth Street 
retaining wall, it is assumed that the water table is not encountered and sufficient drainage is provided 
in the design, therefore water pressure is neglected. 

 
Figure 6.3: Lateral Earth Pressures for Retaining Wall Design 
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The active earth pressure (p2) acts along the height of the wall:  

                               (Equation 6.5-1) 

where: 

Ka = the active earth pressure coefficient 

γ = Total unit weight of the soil (kN/m3) 

H = Height of the wall 

The surcharge load creates a uniform load along the length of the retaining wall (p1) which is calculated 
with Equation 6.3-2 shown below.  Typically for design purposes, the surcharge load is taken as 12kPa 
[5].   

                            (Equation 6.5-2) 

where: 

Ka = Active earth pressure coefficient 

q = Uniform surcharge load (12kPa) 

 

6.5.3 SOLDIER PILE ANALYSIS 

Soldier piles are usually H-pile sections due to their equivalent dimensions and typically spaced at 2-3 
meters.  In an effort to reduce the number of piles required along the length of the wall, QCEC utilized a 
spacing of 3 meters in the design of the soldier pile retaining wall.  S-FRAME models were developed for 
the three soldier pile design cases at 8.5 meters, 7.5 meters, and 6.5 meters.  The pile loads were 
determined by multiplying p1 and p2 (Figure 6.3) by the tributary area (3 meters) and can be reviewed 
in Appendix F.  

When the models were run through S-STEEL, the program suggested a HP310x79 section for the 8.5 
meter soldier piles with two tiebacks.  However, in the interest of safety, QCEC chose to use the slightly 
larger section of HP310x110 for the soldier piles.  This section was evaluated using S-STEEL for all S-
FRAME models and a summary of its results are detailed below in Table 6.1.  Based on the section 
checks from the S-STEEL analysis, two tiebacks are required for the 8.5 meter soldier piles and one 
tieback could potentially be sufficient for the 7.5 and 6.5 meter piles. 
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Table 6.1: HP310X110 Section Check Summary Table 

Wall Type Nf (KN) Vf (KN) Mf (KN) 
Code 
Check 

Results 
Comment 

8.5 m Cantilever 0 657 1975 > 1.0 Not OK 

8.5 m Anchored -1 Tieback 132 429 490 > 1.0 Not OK 

8.5 m Anchored -2 Tiebacks 238 246 155 0.575 OK 

7.5 m Cantilever 0 520 1388 > 1.0 Not OK 

7.5 m Anchored -1 Tieback 113 325 313 0.726 OK 

7.5 m Anchored -2 Tiebacks 209 159 78 0.507 OK 

6.5 m Cantilever 0 399 930 > 1.0 Not OK 

6.5 m Anchored -1 Tieback 96 233 183 0.44 OK 

6.5 m Anchored -2 Tiebacks 181 107 40 0.44 OK 

 

Each wall height has a maximum allowable deflection of 0.005H based on guidelines outlined by the US 

Army Corps of Engineers.  Table 6.2 below summarizes the maximum deflection of each soldier pile 

model and the maximum allowable deflection for comparison.  The implementation of tiebacks reduces 

the maximum deflections at each height to an acceptable value.   
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Table 6.2: Deflection Check Summary Table 

Wall Type Δmax (mm) ΔAllow (mm) Comment 

8.5 m Cantilever 633.19 42.5 Not OK 

8.5 m Anchored -1 Tieback 18.38 42.5 OK 

8.5 m Anchored -2 Tiebacks 2.19 42.5 OK 

7.5 m Cantilever 348.74 37.5 Not OK 

7.5 m Anchored -1 Tieback 8.73 37.5 OK 

7.5 m Anchored -2 Tiebacks 1.27 37.5 OK 

6.5 m Cantilever 177.08 32.5 Not OK 

6.5 m Anchored -1 Tieback 3.62 32.5 OK 

6.5 m Anchored -2 Tiebacks 1.27 32.5 OK 

 

The embedment depth of the soldier piles is based on the shear force at the base of the critical section 

(8.5 meter height).  As shown in Table 6.1 above, the shear force for the 8.5 meter pile with two tiebacks 

is 246 kN.  In an effort to reduce the required embedment depth, the shear force at the base of the 7.5 

and 6.5 meter piles must be less than 246 kN.  Therefore, one tieback for the 7.5 meter soldier piles will 

not be sufficient (325 kN) and for that reason, two tiebacks have been implemented.  However, one 

tieback is sufficient for the 6.5 meter soldier piles (233kN). 

The required depth of the soldier pile is calculated based on the Wang-Reese equations for ultimate 

passive resistance of cohesionless soils [6].  The passive force, Fp, resists the shear force that is created 

at the base of the wall (Figure 6.4). 
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Figure 6.4 - Passive Force and Shear Force on Soldier Pile 

 

Fp is calculated from Equation 6.5-3 [6] below: 

       [
      

     

             
 

    

         
(
 

 
 

 

 
         )  

        

 
                 ] 

Where: 

γ = total unit weight of the soil (kN/m3) 

d = embedment depth 

K0 = at-rest pressure coefficient 

φ' = drained friction angle of soil 

β = 45 + φ'/2 

α = φ' (dense sands) 

b = diameter of soldier pile  

After the embedment depth is determined from Equation 6.5-3 it is multiplied by a factor of safety of 

1.5.  This results in a safe embedment depth of 3.0 meters which is implemented for all soldier piles. 
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6.5.4 TIEBACK DESIGN 

Tiebacks have to be designed to sustain the axial forces of the tie members from the S-FRAME analysis 
(Table 6.3).   

Table 6.3: Axial Tensile Forces in Tiebacks 

Wall Height (m) Tieback Axial Tensile Force (kN) 

8.5 
Upper Tieback 146 

Lower Tieback 330 

7.5 
Upper Tieback 157 

Lower Tieback 261 

6.5 Upper Tieback 192 

Based on the S-FRAME results, the tiebacks must be designed for 330 kN.  The capacities of various tie 
rod diameters were established from DYWIDAG product information [7].  A diameter of 32 millimeters 
will provide a yield load of 402 kN which is sufficient for the maximum tensile force in the tiebacks.  The 
tiebacks are also designed in two other portions: the unbonded length and the bonded length. 

The unbonded length must extend a distance of H/5 or 1.5 meters beyond the soil's failure plane [6].  

The failure plane is located at an angle of     
 

 
 from the base of the retaining wall (Figure 6.5). 

 

Figure 6.5: Theoretical Failure Plane 
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The interception points for the tiebacks and the theoretical failure plane were determined by plotting 
the failure plane and both tiebacks for each wall height (Appendix D).  The top tieback of the 8.5 meter 
section governs the unbonded length design with a length of 4.5 meters. 

The bonded length of the tiebacks is determined from the Design Anchor Capacity Estimates table 
provided to QCEC by the client (Appendix G).  Based on the geotechnical report, QCEC determined the 
anchors would be bonded in either severely fractured bedrock or fractured sandstone bedrock.  The 
provided table shows that severely fractured bedrock provides lower anchor capacities.  Therefore, 
bond length was determined based on the criteria provided for the anchors bonded in severely 
fractured bedrock.  Based on the load tested capacities, a bond length of 4.5 meters will provide 475 kN 
which will be sufficient to resist the maximum tensile force in the anchors. 

The final tieback design includes a 32 millimeter diameter rod and a total length of 9 meters with a 
bonded length of 4.5 meters. 

 

6.5.5 TIMBER LAGGING  DESIGN 

The lagging used for the soldier pile wall is untreated timber with a service life of three years.  Since the 
retaining wall is temporary, all timber lagging will be untreated.  The initial design of the timber lagging 
is based on the recommended thicknesses from the US Army Corps of Engineers [6]. 

The soil is considered to be a 'competent' soil with a clear span of 3 meters and a critical height of 8.5 
meters.  Based on these criteria, a thickness of 100 millimeters is recommended up to approximately 7.5 
meters and a 125 millimeter thickness for timber deeper than 7.5 meters.  The client informed QCEC 
that typical sizes of timber available have dimensions of 250x75 and 250x100 millimeters.  Therefore, 
based on these recommendations, QCEC  would suggest to use 250x100 millimeter sized timber for the 
retaining wall up to a depth of 7.5 meters then doubling the same sized timber for the deeper sections. 

This design was verified by the wood design manual from the Canadian Wood Council.  First, 
the factored load applied to the timber by the retained soil is calculated for different depths.  
The critical design depth used is 8.5 meters and the pressure is established every 0.5 meters.  
Assumptions relating to the calculations included: 

 Untreated saw timber 
 Members are intended to support permanent loads 
 Wet service condition 
 Timber is Spruce-Pine-Fir (S-P-F) Grade No.1 
 Members are treated as simply support beams with uniform loading 
 Timber is not notched 
 No live load 
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The factored load which the soil applied to the timber can be calculated use equation: 

       (  
 

 
)                               (Equation 6.5-4) 

where: 

w = Normally distributed load on the timber lagging 

Ka = Active earth pressure coefficient 

  = Total unit weight of soil  

H = Depth measured from the ground surface 

b = Width of the timber lagging  

q = Uniform surcharge load (12KPa) 

0.6 = Factor used to compensate for soil arching behind lagging 

1.25 = Dead load safety factor 

The maximum moment is then calculated: 

  
    

 
                           (Equation 6.5-5) 

where: 

w = Normally distributed load on the timber lagging 

l = clear span of the timber lagging 
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The section modulus of each section is calculated: 

  
    

 
                            (Equation 6.5-6) 

where: 

b = Width of the timber lagging  

d = Thickness of the timber lagging  

The bending stress is calculated: 

  
 

 
                    (Equation 6.5-7) 

where: 

M - Maximum bending moment 

S - Section modulus 

Based on the Wood Design Manual, 2005, the bending strength at the extreme fibre of S-P-F 
Grade No. 1 is 11.0 MPa.  This number is reduced by a factor of 0.77 because the load is applied 
to the wider face of the timber.  The calculated bending stress can then be compared to the 
bending strength.  If the bending stress is less than the bending strength then the time section 
is considered adequate. 

Based on the calculations (Appendix H), QCEC recommends 250x100 mm S-P-F Grade No. 1 
timber for the first 2.5 meters then double the 250x100 mm timber for the remaining depth 
(i.e. 250x200mm).  

This final timber lagging design differs from the initial design outlined by the US Army Corps of 
engineers because S-P-F is a relatively weaker timber species.  

In addition, the timber members are spaced 25 millimeters to allow for drainage. 
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6.6 DRAFTING 

There are three sets of AutoCAD drawings prepared for Duckworth Retaining Wall: Soil Profile, 
Construction Drawings for Soldier Pile and Rigid Gravity Retaining Wall, and Preliminary 
Drawings for Soil Nailing Retaining Wall.  These drawings are outlined in Table 6.4 below. 

Table 6.4: List of Drawings 

Appendix Drawing Number Sheet Description 

C 

Figure 01 S01 
Borehole and test pit locations relevant to developing 
the soil profile 

Figure 02 S02 Locations of four cross sections 

Figure 03 S03 Cross section 1-1' 

Figure 04 S04 Cross sections 2-2', 3-3' and 4-4' 

Figure 05 S05 Proposed retaining wall location 

D 

Figure 01 A01 Layout of the retaining wall site 

Figure 02 A02 Stepped excavation profile for retaining wall 

Figure 03 A03 
Plan and elevation view of soldier pile and rigid gravity 
retaining wall 

Figure 04 A04 Soldier pile and rigid gravity retaining wall details 

E 
Figure 01 A01 Plan and elevation view of soil nailing retaining wall 

Figure 02 A02 Side view of soil nailing retaining wall 

 

The soil profile drawings in Appendix C are intended to show type and depths of soil in the 
retaining wall location.  The geotechnical information in these drawings were linearly 
interpolated from the provided geotechnical report (Appendix A).   

The construction drawings in Appendix D show the layout and detailed design of the soldier pile 
and rigid gravity (south end) retaining wall (Figure 03).  Drawings include the plan and elevation 
view of the retaining wall and details of the timber and tieback design (Figure 04).  The bedrock 
in the location of the retaining wall is sloped 12 degrees on the south side and 4 degrees on the 
north side of the critical depth (8.41 meters).  The excavation profile (Figure 02) was developed 
in 0.5 to 1.0 meter steps to provide a level soil foundation for construction of the retaining wall.  

Appendix E contains preliminary design drawings for the soil nailing retaining wall option.  
Drawings illustrate the plan, elevation and side view of the retaining wall.  All dimensions used 
in this drawing are based on typical soil nailing designs.   
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7.0 COST ESTIMATE 

 

7.1 QUANTITY TAKE-OFF 

Based on the construction drawings for the rigid gravity and soldier pile retaining wall 
(Appendix D), QCEC performed a quantity take off for final cost estimate.  Table 7.1 shows the 
various items that have been taken-off to complete the cost estimate.  The quantity take-offs 
were initially completed by calculating the amount of each material required and then 
converted into a weight or volume based on dimensions.  For example, steel was evaluated as a 
total mass in kilograms due to the provided unit prices (Table 5.1).  Other quantities use simple 
calculations to determine the number of items required (ie. timber). 

 

Table 7.1 – Quantity Take Off 

Quantity Take-Off 

ITEM DESCRIPTION QUANTITY UNIT 

Steel Hp Beams - 310x310 - 11 Each 13255 kg 

Concrete  At pile embedment depths 7.84 m3 

Steel Casings  Used for drilling into soil - 11 Each - Rented 44826 kg 

Timber Lagging Placed between piles 524 each 

Timber 
Blocking 

To brace timber between steel flange - 2x4x8 Lumber 221 pieces 

Tie-Back Rods 19 Each 1094.4 kg 

Grout  Used for grouted length of tie-backs  2.68 m3 

L-angles  Used to support tie-backs at steel flange 4.57 kg 

Misc Steel Used to brace steel and timber 4.39 kg 

Concrete Concrete for rigid gravity wall 75 m3 

Formwork Plywood  134.08 m2 

PVC Pipe 
Used to form the weep holes in the rigid gravity wall - 3" 
diameter - approximately 1.5 m length   

6 pieces 
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7.2 LABOUR AND MATERIALS 

Table 7.2 - Cost Summary – Soldier Pile Wall 

SOLDIER PILE WALL 
ITEM QUANTITY UNIT UNIT PRICE TOTAL 

EXCAVATION (SOIL) 21741.00 m3 $15.70 $341,333.72 

EXCAVATION (ROCK) (@concrete wall) 46.14 m3 $39.25 $1,811.00 

PILES:         

STEEL 13255 kg $3.50 $46,392.50 

CONCRETE @ BASE 7.840 m3 $650.00 $5,096.15 

DRILLING (SOIL) (550mm diam) 86.73 m $180.00 $15,611.40 

DRILLING (ROCK) (550mm diam) 39.25 m $550.00 $21,587.50 

CASING (Rented-10% of New Cost) 44826 kg $3.50 $15,689.10 

TIMBER LAGGING 523.5 ea N/A $31,266.20 

BLOCKING (LUMBER) 221 pc $2.79 $617.01 

TIE-BACKS:         

RODS 1094.4 kg $3.50 $3,830.40 

GROUT 2.6861 m3 $400.00 $1,074.42 

DRILLING (200mm diam) 171 m $65.45 $11,192.73 

L-ANGLE 4.5725 kg $3.50 $16.00 

MISC STEEL 4.3912 kg $3.50 $15.37 

CONCRETE WALL:         

CONCRETE 75.0 m3 $650.00 $48,750.00 

FORMWORK 134.08 m2 N/A $5,420.71 

WEEP HOLES (PVC pipe) 6.00 ea $13.49 $80.94 

          

TOTAL       $549,785.15 

10% extra-misc items       $54,978.52 

          

TOTAL:       $604,763.67 

TOTAL W/ MARK UP (10%)       $665,240.03 

          

 
  



 
 

32 | P a g e  

The cost estimate for the soldier pile retaining wall was calculated based on prices from 
RSMeans, local building suppliers (Kent Building Supplies), and typical unit prices supplied by 
the client.  Items that used costs supplied by the client included: 

 Excavation (both in soil and bedrock) 
 Steel 
 Drilling (both in soil and bedrock) 
 Concrete/Grout 

The prices for these items used standard costs that were provided by the client (Table 5.1), 
these prices include the material, equipment and labour. The prices are provided as per unit 
costs; therefore the quantities that are taken off are multiplied by per unit cost to give the 
total.   

RSMeans was also used to complete the cost estimate of the timber lagging and formwork  for 
the concrete rigid gravity wall. The timber lagging design requires the timber to double at a 
specific depth (greater than 2.5m), therefore each section would have a height varying timber 
thickness. The timber section used in the design is 250x100 millimeters and its cost was 
determined from RSMeans. The daily output, bare material cost, and crew from RSMeans were 
used to develop a cost for materials and labour.  A crew of two labourers was used for the 
installation of the timber at a cost of $283.60 per day per labourer. The quantity take-off for 
timber (Table 7.2) is multiplied by a bare material rate of $451.20/m3 from RSMeans. The per 
unit price for timber lagging is not shown in Table 7.2 as it includes both labour and materials 
and were calculated in another spreadsheet located in Appendix J.  

The formwork for the rigid gravity wall is calculated using a price for plywood from RSMeans. 
The bare material price, $22.38/m2, is multiplied by the total area required to complete the 
formwork (Table 7.1). The labour used to complete this was taken as three labourers and one 
carpenter at a rate of $283.60/labourer/day and $359.20/carpenter/day. The time to complete 
this work should be a maximum of two days. The cost shown in Table 7.2 has been calculated in 
a separate spreadsheet as it includes the labour and material, similar to the timber lagging. 

While most costs were found using typical per unit values or RSMeans, some smaller costs were 
found using local building supply stores. The blocking for the timber lagging and the weep holes 
located in the rigid gravity wall have are based on costs from Kent Building Supplies. The 
blocking for the timber requires four blocks (2x4 lumber) located between the steel flange and 
the timber lagging. The length required for all blocking was calculated and divided by 8 feet 
(length of lumber) then multiplied by the cost for each piece. The price found from a local 
supplier (Kent Building Supplies) was found at $2.79/piece.  
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Similarly, the cost of the weep hole prices were determined by using PVC pipe as the material 
and a cost from Kent Building Supplies.  Approximately 6 PVC pipes are required at a material 
cost of $13.49/piece and a total cost of $80.94. 

After the cost estimate was completed, the final amount was increased by 10% to 
accommodate any additional costs (client recommended).  In addition, the cost was increased 
by another 10% as a profit mark up.  

 

8.0 CONSTRUCTION 

 

8.1 METHODOLOGY 

For the Duckworth Street Retaining Wall, QCEC designed a soldier pile wall with a 15 meter rigid gravity 
wall located on the south end (Figure 03 of Appendix D).  The construction of the retaining wall is 
expected to be completed within 52 days (Appendix K). 

The equipment for the soldier piles are first mobilized to site and set up to begin construction of the 
soldier pile wall.  The equipment includes drilling equipment, a crane, and an excavator.  The following 
steps explain how to construct the soldier pile wall with timber lagging 

Soldier Piles and Lagging 

1. Holes are drilled into the soil using 550 millimeter casing to ensure the soil does not collapse (Figure 
8.1).  The holes are drilled at different depths, the most critical depth being 8.5 meters. 

2. The HP piles are then placed in the hole and held there while the concrete is poured.  After the 
concrete is poured the casings are removed. 

3. When all piles have been installed across the length of the wall, excavation will begin in order to 
install the timber lagging.  The excavation is done in one meter increments. 

4. At each one meter increment, the timber lagging is placed behind the H-beams and braced with 
lumber blocking (Figure 8.2) 

5. The soldier piles are also designed with tiebacks to prevent high deflections. Each soldier pile will 
have a minimum of one tieback with most of them having two. The tiebacks are installed as the 
excavation occurs, the first one at a 2 meter depth and the second 3 meters below the first. 
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Figure 8.1: Drilling of Steel Casing for Installation of HP Sections 

 

 
Figure 8.2: Bracing of Timber Lagging 
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Tiebacks: 

The tiebacks are installed using the following procedure: 

a. The holes for the tiebacks must be drilled for the required length and diameter at an angle of 30 
degrees to the horizontal. There will be an unbonded length and a bonded length. The unbonded 
and bonded length will be the same for all tiebacks (4.5 meters).  The diameter required for the 
bonded area of the tieback is 168mm, this will be the diameter for all drilled holes.  

b. The steel bars must be placed in the hole, and then the primary grout is applied. 
c. Performance and proof tests must be carried out on each bar to ensure sufficient installation. 
d. The bars are then stressed and locked off. 
e. Add secondary grout 

The steel flange must be cut in order to drill holes and install the tiebacks.  When the tiebacks are 
installed and tested, steel plates are welded back onto the flange for support.  An L200x100x13 angle is 
also attached at the tieback as a steel connection to provide support. 

6. As the excavation continues, the timber lagging and tiebacks will continue to be installed until it has 
reached the final depth. 

Gravity Wall: 

The gravity wall will begin construction on the south end when the desired depth of excavation is 
reached.  It has a height of four meters and a length of approximately 15 meters.  The base of the gravity 
wall is 2 meters thick and the top is 0.5 meters thick.  PVC piping for the weep holes are to be installed 
within the concrete to allow for drainage.   

The bedrock is excavated in order to place the formwork and begin the construction of the gravity wall.  
The formwork is constructed and placed in the correct location and then the concrete is poured.  The 
piping for the weep holes is installed with the formwork to allow the concrete to form around them 
without seeping into the pipe. The concrete will take 14 days to cure and set and at that time the 
formwork can be removed.  The soil behind the gravity wall will be sloped at a 45 degree angle to ensure 
that the soil does not fail. 

7. Once both the soldier pile wall and gravity wall are complete, the soldier pile wall will be backfilled 
with the excess soil from the original excavation.  

8. The final step is the demobilization of the site; all equipment will be removed. 
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9.0 CONCLUSION  

Based on requirements outlined by Acuren, QCEC designed the most cost efficient solution for 
the Duckworth Street Retaining Wall.   

Initially, QCEC determined a soldier pile retaining wall would be the most cost efficient option 
in comparison to a soil nail retaining wall.  After a thorough analysis of the site conditions, it 
was determined that a rigid gravity wall could be implemented on the south end of the 
retaining wall location to reduce costs.  The rigid gravity wall eliminated approximately 5 
required soldier piles (large expense) and replaced them with unreinforced concrete.  The 
materials required for the 15 meter length of the rigid gravity wall are much more cost efficient 
than 15 meters of additional soldier pile retaining wall.   

At the request of the client, QCEC also developed a construction plan and schedule. The 
construction schedule details the actions required to construct the wall in 52 days. The 
construction of the rigid gravity and the soldier pile retaining wall have been scheduled to 
overlap for a period of the construction duration.  This allows for efficient use of construction 
time and will limit the amount of disruption to the surrounding residential area. 
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Appendix A 
Geotechnical Report 

  















































































































































 

 
 
 
 
 
 
 
 
 
 
 

Appendix B 
Drawings Received from Clients 
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Appendix C 
Soil Profile Drawings 
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Drawing Lists:  

Figure 1. Site Plan with Borehole and Testpit Locations 

Figure 2. Cross Section Locations 

Figure 3. Soil Profile for Cross Section 1-1' 

Figure 4. Soil Profile for Cross Section 2-2', 3-3', and 4-4' 

Figure 5. Site Plan with Retaining Wall Location 

  













 

 
 
 
 
 
 
 
 
 
 
 

Appendix D 
Soldier Pile and Rigid Gravity Retaining Wall Drawings 
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Drawing Lists:  

Figure 1. Site Layout 

Figure 2. Excavation Profile 

Figure 3. Soldier Pile Retaining Wall Plan View (Top) and Elevation View (Bottom) 

Figure 4. Soldier Pile Retaining Wall Detailed Drawings 

  











 

 
 
 
 
 
 
 
 
 
 
 

Appendix E 
Preliminary Soil Nailing Retaining Wall Drawings 
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Drawing Lists:  

Figure 1. Soil Nailing Retaining Wall Plan View (Top) and Elevation View (Bottom) 

Figure 2. Soil Nailing Retaining Wall Side View 

 







 

 
 
 
 
 
 
 
 
 
 
 

Appendix F 
S-FRAME and S-STEEL Results 
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Appendix G 
Design Anchor Capacity Estimates 

  





 

 
 
 
 
 
 
 
 
 
 
 

Appendix H 
Soldier Pile Retaining Wall Calculations 

  



Wall Pressure Calculations

ϒ= 20.5 KN/m3

Ka= 0.26

 φ = 36 °

q = 12 kPa

H = 8.5 m

q Find pressure on retaining wall from surcharge (q):

p1 = Ka*q = 3.12 kPa

Find active soil pressure on retaining wall:

H

p2 = Ka* ϒ * H = 45.305 kPa

     2m

p1 p2

Tieback 1

     3m        H

Tieback 2

MAX allowable deflection (.005H) = 42.5 mm

Reference: US Army Corps of Engineers

30° 

30° 
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Wall Pressure Calculations

ϒ= 20.5 KN/m3

Ka= 0.26

 φ = 36 °

q = 12 kPa

H = 7.5 m

q Find pressure on retaining wall from surcharge (q):

p1 = Ka*q = 3.12 kPa

Find active soil pressure on retaining wall:

H

p2 = Ka* ϒ * H = 39.975 kPa

     2m

p1 p2

Tieback 1

     3m        H

Tieback 2

MAX allowable deflection (.005H) = 37.5 mm

Reference: US Army Corps of Engineers

30° 

30° 
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Wall Pressure Calculations

ϒ= 20.5 KN/m3

Ka= 0.26

 φ = 36 °

q = 12 kPa

H = 6.5 m

q Find pressure on retaining wall from surcharge (q):

p1 = Ka*q = 3.12 kPa

Find active soil pressure on retaining wall:

H

p2 = Ka* ϒ * H = 34.645 kPa

     2m

p1 p2

Tieback 1

     3m        H

Tieback 2

MAX allowable deflection (.005H) = 32.5 mm

Reference: US Army Corps of Engineers

30° 

30° 
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Tieback Design Calculations

Assumption:

1 Non-cohensive soil

2 Groundwater level is neglectable

3 Non-inclined backfill

4 Use φ' as φ'cs and  φ'p

Notes:

1 Using Rankine's Equation

2 Critical design depth equals to 8.41 meters

3 Using Safety Factor equals to 1.5

4 Drilled hole diameter = 550mm

Theoretical Failure Plane

2m

Hc 3m

45° - φ/2

d

C

Reference: US Army Corps of Engineers

For Hc = 8.5m

27 deg = 0.471239 rad

failure plane

x (m) y

0 0

1 1.962611

2 3.925221

3 5.887832

4 7.850442

5 9.813053

30° 

30° 
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Tieback Design Calculations

First Tieback 30 deg = 0.523599 rad

x (m) y (m)

0 6.5

1 5.92265

2 5.345299

3 4.767949

4 4.190599

5 3.613249

Second Tieback 30  deg = 0.523599

x (m) y (m)

0 3.5

1 2.92265

2 2.345299

3 1.767949

4 1.190599

5 0.613249

From graph: 

First tieback intercepts failure plane at:

x = 2.55 m

y = 5 m

Length of tieback from face of wall to theoretical failure plane = 2.9 m

Second tieback intercepts failure plane at:

x = 1.4 m

y = 2.7 m

Length of tieback from face of wall to theoretical failure plane = 1.6 m

Minimum anchor free length

The greater of:

i) length of tieback from face of wall to theoretical failure plane + H/5

ii) length of tieback from face of wall to theoretical failure plane + 1.5

Reference: US Army Corps of Engineers

First Tieback

i) 2.9m + 8.5m/5 = 4.6 m Anchor free length = 4.5 m **

ii) 2.9m + 1.5m = 4.4 m

Second Tieback Anchor free length = 3.5 m

i) 1.7m + 8.5m/5 = 3.3 m

ii) 1.7m + 1.5m = 3.1 m
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Tieback Design Calculations

Lengths in the:

Bond length is either 3.0m or 4.5m depending on required capacity: X-dir (m) Y-dir (m)

Total anchor length (First Tieback) = 7.5 m 6.5 3.8

OR 9 m 7.8 4.5

Total anchor length (Second Tieback) = 6.5 m 5.6 3.3

OR 8 m 6.9 4.0

NOTE: Available horizontal distance from soldier pile wall to buildings across Henry St. Is approximately 8.5m

Therefore, the maximum tie lengths will be ok for the site
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H = 8.5m 



Tieback Design Calculations

Assumption:

1 Non-cohensive soil

2 Groundwater level is neglectable

3 Non-inclined backfill

4 Use φ' as φ'cs and  φ'p

Notes:

1 Using Rankine's Equation

2 Critical design depth equals to 8.41 meters

3 Using Safety Factor equals to 1.5

4 Drilled hole diameter = 550mm

Theoretical Failure Plane

2m

T

Hc 3m

45° - φ/2

d

C

Reference: US Army Corps of Engineers

For Hc = 7.5m

27 deg = 0.471239 rad

failure plane

x (m) y

0 0

1 1.962611

2 3.925221

3 5.887832

4 7.850442

5 9.813053

First Tieback 30 deg = 0.523599 rad

x (m) y (m)

0 5.5

1 4.92265

2 4.345299

3 3.767949

30° 

30° 
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Tieback Design Calculations

4 3.190599

5 2.613249

Second Tieback 30  deg = 0.523599

x (m) y (m)

0 2.5

1 1.92265

2 1.345299

3 0.767949

4 0.190599

5 -0.38675

From graph: 

First tieback intercepts failure plane at:

x = 2.15 m

y = 4.2 m

Length of tieback from face of wall to theoretical failure plane = 2.5 m

Second tieback intercepts failure plane at:

x = 1 m

y = 1.9 m

Length of tieback from face of wall to theoretical failure plane = 1.2 m

Minimum anchor free length

The greater of:

i) length of tieback from face of wall to theoretical failure plane + H/5

ii) length of tieback from face of wall to theoretical failure plane + 1.5

Reference: US Army Corps of Engineers

First Tieback

i) 2.5m + 7.5m/5 = 4.0 Anchor free length = 4 m

ii) 2.5m + 1.5m = 4.0

Second Tieback Anchor free length = 3 m

i) 1.1m + 7.5m/5 = 2.7

ii) 1.1m + 1.5m = 2.7

Lengths in the:

Bond length is either 3.0m or 4.5m depending on required capacity: X-dir (m) Y-dir (m)

Total anchor length (First Tieback) = 7 m 6.1 3.5

OR 8.5 m 7.4 4.3
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Tieback Design Calculations

Total anchor length (Second Tieback) = 6 m 5.2 3.0

OR 7.5 m 6.5 3.8

NOTE: Available horizontal distance from soldier pile wall to buildings across Henry St. Is approximately 8.5m

Therefore, the maximum tie lengths will be ok for the site
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Tieback Design Calculations

Assumption:

1 Non-cohensive soil

2 Groundwater level is neglectable

3 Non-inclined backfill

4 Use φ' as φ'cs and  φ'p

Notes:

1 Using Rankine's Equation

2 Critical design depth equals to 8.41 meters

3 Using Safety Factor equals to 1.5

4 Drilled hole diameter = 550mm

Theoretical Failure Plane

2m

T

Hc 3m

45° - φ/2

d

C

Reference: US Army Corps of Engineers

For Hc = 6.5m

27 deg = 0.471239 rad

failure plane

x (m) y

0 0

1 1.962611

2 3.925221

3 5.887832

4 7.850442

5 9.813053

First Tieback 30 deg = 0.523599 rad

x (m) y (m)

0 4.5

1 3.92265

2 3.345299

3 2.767949

30° 

30° 
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Tieback Design Calculations

4 2.190599

5 1.613249

Second Tieback 30  deg = 0.523599

x (m) y (m)

0 1.5

1 0.92265

2 0.345299

3 -0.23205

4 -0.8094

5 -1.38675

From graph: 

First tieback intercepts failure plane at:

x = 1.8 m

y = 3.2 m

Length of tieback from face of wall to theoretical failure plane = 2.1 m

Second tieback intercepts failure plane at:

x = 0.6 m

y = 1.2 m

Length of tieback from face of wall to theoretical failure plane = 0.7 m

Minimum anchor free length

The greater of:

i) length of tieback from face of wall to theoretical failure plane + H/5

ii) length of tieback from face of wall to theoretical failure plane + 1.5

Reference: US Army Corps of Engineers

First Tieback

i) 2.1m + 6.5m/5 = 3.4 Anchor free length = 3.5 m **

ii) 2.1m + 1.5m = 3.6

Second Tieback Anchor free length = 2.5 m

i) 0.7m + 6.5m/5 = 2.0

ii) 0.7m + 1.5m = 2.2

Lengths in the:

Bond length is either 3.0m or 4.5m depending on required capacity: X-dir (m) Y-dir (m)

Total anchor length (First Tieback) = 6.5 m 5.6 3.3

OR 8 m 6.9 4.0
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Tieback Design Calculations

Total anchor length (Second Tieback) = 5.5 m 4.8 2.8

OR 7 m 6.1 3.5

NOTE: Available horizontal distance from soldier pile wall to buildings across Henry St. Is approximately 8.5m

Therefore, the maximum tie lengths will be ok for the site
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Embedment Depth Calculations

Determine Embedment Depth from S-Frame Analysis

NOTE: 

Use critical section (8.5m) to determine ebedment depth

Embedment depth is based on the shear force at the base of the retaining wall

The equation below is from the US Army Corps of Engineers State of the Practice in the Design of Tall,

Stiff, and Flexible Tieback Retaining Walls

Fp = 245.4861 kN (From S-Frame Model - 2 ties at 8.5m)

ϒ= 20.5 kN/m
3

Ko= 0.41

 φ = 36 °

β = 45 + φ/2 63.0 °

α = φ = 36.0 ° (for dense soils)

b = 0.55 m (soldier pile diameter)

FS = 1.50 (factor of safety)

     2m

Tieback 1

     3m        H

Tieback 2

D

Solve the above equation for d:

D= 1.57 m

30° 

30° 
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Embedment Depth Calculations

D x FS = 2.4 m

Therefore, use an embedment depth of 3.0 meters for all soldier piles

Page 2 of 2



Assumptions

1. Use sawn timbers as material

2. Members intend to support permannent loads

3. Single member configuration

4. Wet service condition

5. Untreated wood

6. Species Indentification is SPF Grade No.1 and No.2

7. Members are restricted against lateral displacement and rotation at their end

8. Not notched

9. Simple supproted beam with a normal distribted load

10. Uniform distributed load, no intermediate support

11. No live load is considered

Geotechnical Parameters for design:

ϒ= 20.5 KN/m3

φ'= 0.628 rad 36 Degree

Ka= 0.26

Kp= 3.8

Ko= 0.41

q= 12 kPa

Wood Lagging Design Criteria:

Length (L) 3 m 0.0254 in

Width (d) 0.25 m

Unit

Factored Load: w=(Ka*ϒ*(H-d/2)+Ka*q)*d*0.6*1.25 KN/m

Moment: M=w*L^2/8 KN.m

Section Modulus: S=b*t^2/6 m^3

Bending stress: σ=M/S KPa

Timber Lagging Design

b 

t 

Page 1 of 2



Load Analysis 250*75 250*100 250*150 250*200

b= 0.25 m b= 0.25 m b= 0.25 m b= 0.25 m 

t= 0.075 m t= 0.1 m t= 0.15 m t= 0.2 m 

Depth (m) w M S σ/1000 fb Check S σ/1000 Fr S σ/1000 Fr Check S σ/1000 Fr Check

0.50 0.96 1.08 0.00 4.61 8.47 Pass 0.00 2.59 8.47 Pass 0.00 1.15 8.47 Pass 0.00 0.65 8.47 Pass

1.00 1.46 1.64 0.00 7.01 8.47 Pass 0.00 3.94 8.47 Pass 0.00 1.75 8.47 Pass 0.00 0.99 8.47 Pass

1.50 1.96 2.20 0.00 9.40 8.47 Fail 0.00 5.29 8.47 Pass 0.00 2.35 8.47 Pass 0.00 1.32 8.47 Pass

2.00 2.46 2.77 0.00 11.80 8.47 Fail 0.00 6.64 8.47 Pass 0.00 2.95 8.47 Pass 0.00 1.66 8.47 Pass

2.50 2.96 3.33 0.00 14.20 8.47 Fail 0.00 7.99 8.47 Pass 0.00 3.55 8.47 Pass 0.00 2.00 8.47 Pass

3.00 3.46 3.89 0.00 16.60 8.47 Fail 0.00 9.34 8.47 Fail 0.00 4.15 8.47 Pass 0.00 2.33 8.47 Pass

3.50 3.96 4.45 0.00 19.00 8.47 Fail 0.00 10.69 8.47 Fail 0.00 4.75 8.47 Pass 0.00 2.67 8.47 Pass

4.00 4.46 5.01 0.00 21.40 8.47 Fail 0.00 12.04 8.47 Fail 0.00 5.35 8.47 Pass 0.00 3.01 8.47 Pass

4.50 4.96 5.58 0.00 23.79 8.47 Fail 0.00 13.38 8.47 Fail 0.00 5.95 8.47 Pass 0.00 3.35 8.47 Pass

5.00 5.46 6.14 0.00 26.19 8.47 Fail 0.00 14.73 8.47 Fail 0.00 6.55 8.47 Pass 0.00 3.68 8.47 Pass

5.50 5.96 6.70 0.00 28.59 8.47 Fail 0.00 16.08 8.47 Fail 0.00 7.15 8.47 Pass 0.00 4.02 8.47 Pass

6.00 6.46 7.26 0.00 30.99 8.47 Fail 0.00 17.43 8.47 Fail 0.00 7.75 8.47 Pass 0.00 4.36 8.47 Pass

6.50 6.96 7.83 0.00 33.39 8.47 Fail 0.00 18.78 8.47 Fail 0.00 8.35 8.47 Pass 0.00 4.70 8.47 Pass

7.00 7.46 8.39 0.00 35.79 8.47 Fail 0.00 20.13 8.47 Fail 0.00 8.95 8.47 Fail 0.00 5.03 8.47 Pass

7.50 7.96 8.95 0.00 38.19 8.47 Fail 0.00 21.48 8.47 Fail 0.00 9.55 8.47 Fail 0.00 5.37 8.47 Pass

8.00 8.46 9.51 0.00 40.58 8.47 Fail 0.00 22.83 8.47 Fail 0.00 10.15 8.47 Fail 0.00 5.71 8.47 Pass

8.50 8.95 10.07 0.00 42.98 8.47 Fail 0.00 24.18 8.47 Fail 0.00 10.75 8.47 Fail 0.00 6.04 8.47 Pass

Recommendation:
QCEC recommend to use 250*100mm SPF Grade No.1 Timber for the first 2.5 meters and change to double 250*100 SPF Grade No.1 Timber for depth 

deeper than 2.5 meters.

Page 2 of 2



 

 
 
 
 
 
 
 
 
 
 
 

Appendix I 
Rigid Gravity Retaining Wall Calculations 

  



Note 

Assumptions: 

1 Natural backfill

2 Groundwater level is seasonal

3 Groundwater level is below the base of the gravity retaining wall

4 Wall friction = 0

5 Effective friciton angle φ' provided in the geotechnical report can be used as bothe critical state friction angle φ'cs and peak friction angle φ'p

6 θ'b=2/3*θ'cs (should be between 1/2*θ'cs to 2/3*θ'cs)

Notes:

1 Using Rankine's Method

2 Factor of safety for translation equals to 1.5

3 Factor of safety for bearing capacity equals to 3

4 With wall friction, the factor of safety against translation is greater than without friction

Geotechnical Parameters for design:

ϒ= 20.5 KN/m3
ϒbase= 20.5 KN/m3

36 Degree 36 Degree

φ'= 0.628 rad 36 Degree φ'cs= 0.628 rad φ'p= 0.628 rad

Ka= 0.26

Kp= 3.8

Ko= 0.41

Design Criterias:

Design Length=15m

q= 12 kPa

a/b= 1.00 a b c

1 1 1.414

T= 0.5 m Unit Thickness= 1 m

Ho= 4 m b1= 1.5 m x1= 1.000 m θ'b= 0.419 rad

B= 2 m b2= 0.5 m x2= 1.750 m Min.(FS)T= 1.5

ϒc= 24 KN/m3
A= 2 m2

Za= 1.333333 m Min.(FS)B= 3

Calculations: Zb= 2 m

Design for the left hand side of the retaining wall only. The wall is designed to be 15 meters (14.42m) long. Specification 

refers to the "Design Criterias". The design height was used as 6 meters for the whole length.

Massive Rigid Retaining Wall Design 
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1 Determine the laterial force

Pasoil=1/2*Ka*ϒ*Ho2
= 42.640 KN

Pasurcharge=Ka*q*Ho = 12.480 KN

Pah= Pasoil*b/c+Pasurcharge = 42.631 KN

Pav= Pasoil*a/c = 30.151 KN

2 Determing the wall stability

Consider a unit lenth of wall

W1= 1/2*b1*Ho*ϒc = 72.000 KN

W2= b2*Ho*ϒc = 48.000 KN

W= W1+W2 = 120.000 KN

Mo= W1*x1+W2*x2+Pav*B-(Pah-Pasurcharge)*(Za)-Pasurcharge*(Zb)= 151.141 kNm

Rz= W+Pav = 150.151 KN

xbar= Mo/Rz = 1.007 m

3 Base resistance

T= Rz*tan(θ'b) = 66.852 KN

4 Factor of Safety for Translation

(FS)T= T/Pah = 1.568 Safe against translation

5 Checking for rotational stability

e= |B/2-xbar| = 0.007 m

B/6= B/6 = 0.333 m Safe against rotation

6 Checking for bearing capacity

Notes:

1 Since the resultant vertical force is located within the middle one-third, tension will not be developed in the soil.

2 The maximum stress occurs at A

3 The groundwater level is below B=2m from the base, so groundwater would have no effect on the bearing capacity.

σmax= Rz/A*(1+6*e/B) = 76.560 Kpa

H= Pah = 42.631 KN

Vn= Rz = 150.151 KN

ω= tan-1(H/Vn) = 3.427 rad

4 The base of the wall can be taken as a strip, surface foundation, that is B/L approaching 0, and Df=0.

B'= B-2e = 1.987 m

B'/L'= B'/L' = 0.000

n= (2+B'/L')/(1+B'/L') = 2.000

iϒ= (1-H/Vn)^(n+1) = 0.367

Nϒ= 0.1054*e^(9.6*φ'p) = 43.898
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qu= 0.5*ϒ*B'*Nϒ*iϒ = 328.252 KPa

(FS)B= qu/σmax = 4.287518 Safe against bearing
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Appendix J 
Cost Estimate 

  



Wall Length 63 m Drilling (Soil) Length 176 m

# of Piles 22 Drilling (Rock) Length 44 m

Lenth of Pile (avg) 10 m Drilling - Soil Price $180.00 /m

Total Pile Length 220 m Drilling - Rock Price $550.00 /m

Weight of Steel 110 kg/m Drilling Cost-Soil: $31,680.00

Total Weight of Steel 24200 kg Drilling Cost-Rock: $24,200.00

Steel Weight Price: $3.50 /kg Tie-Back

Total Steel Cost: $84,700.00 Length (un-grouted) 3.5 m

Length (grouted) 4.5 m

Concrete (@ base) Drilled Diameter 168 mm

Diameter 550 mm Bar Diameter 32 mm

Height 2 m # of Tie-Backs: 22 ea

Volume/hole 0.475166 m3 Total Tie-Back Length 176 m

# of holes 22 Drilling Price: $65.45 /m

Total Volume 10.454 m3 Drilling Cost: $11,520.00

Concrete Price $650.00 /m3 Weight of Tie-back (DYWIDAG) 6.40 kg/m

Total Concrete Cost: $6,794.87 Total Weight: 1126.4 kg

TIE-BACK ROD PRICE: $3,942.40

Grout Volume 0.09975185 m3

Total Grout Volume 2.19454070 m3

Grout Price $400.00 /m3

Total Grout Price $877.82

STEEL - PRELIMINARY



# Piles: 22

Average Height: 7.1 m

Timber Dimensions:

Width 0.076 m

Height 0.254 m

Length 3.049 m

Timber @ 1 Section 28

TOTAL TIMBER: 589 ea

Vol. Per 1 Timber 0.0590 m3

Total Volume of Timber: 34.7693 m3

Daily Output 2.120 m3/Day

Timber Installed per Day 35.91 ea/day

Days to Install Timber 16.4 days

Labour Cost (2 labouer): $567.20 /day

Labour Price: $9,302.44

Material Cost: $451.20 /m3

Material Price: $15,687.93

TOTAL PRELIMINARY TIMBER PRICE: $24,990.37

TIMBER-PRELIMINARY



Number of Nails 149 ea

Nail Length 5.79 m

Total Length 863.11 m

Weight 6.40 kg/m

Total Weight 5523.90 kg

Material Price $3.50 /kg

Total Nail Material Price $19,333.66

Diameter 0.203252033 m

Shotcrete Thickness 0.101626016 m

Area for Mesh 332.2616 m2

Shotcrete w/ Mesh $430.60 /m2

Shotcrete w/ Mesh Cost: $143,071.84

Grout Volume 0.187948746 m3

Total Grout Volume 28.0043632 m3

Grout Price 400 /m3

Grout Cost: $11,201.75

Drilled Diameter 200 mm

Total Drilled Length 863.1097561 m

Drilling Price (% of greater diam drilled) $65.45 /m

Drilling Cost: $56,494.46

Dist from Toronto to St. John's 3075 km

price per distance (km) $1.26 /km

Shipping Cost: $3,874.50

SOIL NAILING - PRELIMINARY

Cost to pay a contractor to come from the mainland and do the project will increase the cost 

greatly



EXCAVATION (WHOLE CONSTRUCTION AREA) 2898.8 m2

VOLUME EXCAVATED (avg height=7.5m) 21741.00 m3

VOLUME EXCAVATED (under concrete wall) 46.14 m3

COSTS

Price in Soil $15.70 /m3

Cost-Soil $341,333.72

Price in Rock (soil price x 2.5) $39.25 /m3

Cost-Rock $1,811.15

EXCAVATION 
Excavation in Soil

Excavation in Rock



Diameter : 550 mm

Pile # Length in Soil (m) Length in Rock (m)

1 6.56 4.000

2 6.56 3.500

3 7.35 4.000

4 8.24 4.250

5 8.24 3.500

6 8.52 3.500

7 8.52 3.000

8 8.52 3.250

9 8.52 3.500

10 8.1 3.500

11 7.6 3.250

Total (m) 86.73 39.25

Price (soil) $180.00 /m

Total Cost: $15,611.40

Price (rock) $550.00

Total Cost: $21,587.50

DRILLING



Pile # Height (m) Unit Concrete @ embedment depth Steel Casing
1 9.5 m

2 9.5 m Diameter 550 mm Rented

3 10.5 m Height 3 m # of Casings 11

4 11.5 m Volume/hole 0.712749 m3 Length 120.5 m

5 11.5 m # of holes 11 weight of casing 372 kg/m

6 11.5 m Total Volume 7.840 m3 Total Weight 44826 kg

7 11.5 m Concrete Price 650 /m3** Material Price $3.50 /kg

8 11.5 m **price confirmed by client Total Cost (New Material) $156,891.00

9 11.5 m Concrete Cost: $5,096.15 Rented Cost (10% New) $15,689.10

10 11.5 m

11 10.5 m

Total Length of Steel 120.5 m

Weight of Steel 110 kg/m

Total Weight: 13255 kg

Material Price $3.50 /kg

Material Cost: $46,392.50

*price confirmed by client

**accounts for any shipping

STEEL PILES



TIMBER (4"x10"x10') WALL HEIGHT HEIGHT SECTIONS (m) # of Sections QTY W H L Blocking W H L

TIMBER 1 (< 2.5m) 2.5 6 59.04 0.10 0.25 3.05 Dimensions (m) 0.051 0.102 2.44

TIMBER 1 (> 2.5m) 6 6 283.4 0.10 0.25 3.05 Total Timber 523.488

TIMBER 2 (< 2.5m) 2.5 2 19.68 0.10 0.25 3.05 Blocking/Timber 4 ea

TIMBER 2 (> 2.5m) 5 2 78.72 0.10 0.25 3.05 Blocking Length (section w/ 1 timber) 420 mm

TIMBER 3 (< 2.5m) 2.5 2 19.68 0.10 0.25 3.05 Blocking Length (section w/ 2 timber) 220 mm

TIMBER 3 (> 2.5m) 4 2 62.98 0.10 0.25 3.05 Blocking Amount (1 timber section) 393.6

Blocking Amount (2 timber section) 1700.35

Total Length (1) 165.31 m

Total Length (2) 374.08 m

TOTAL TIMBER: 523.488 ea

Total Volume of Timber: 41.21 m3 # of pieces of lumber: 221 pc

Volume of Each Timber 0.08 m3 Price of Lumber 2x4x8) $2.79 /pc

Daily Output 2.36 m3 Blocking Price: $617.01

Timber Placed/Day 29.98 ea/day

Days to Place All Timber 17.5 Days

Labourer(2) $567.20 /Day 2 Labourers

Labour Cost: $9,903.92

Materials: $451.20 /m3 TIMBER + BLOCKING: $29,114.02

Material Cost: $18,593.10

Total Timber Cost: $28,497.01

TIMBER

8.5

7.5

6.5

Option 2: is to use 250*100mm for first 2.5 meters,

and use 2*250*100mm for depth greater than 2.5 meters.



Length (un-grouted) 4.5 m

Length (grouted) 4.5 m

Drilled Diameter 168 mm

Bar Diameter 32 mm

# of Tie-Backs: 19 ea

Total Tie-Back Length 171 m

Drilling Price (**% of larger drilling cost) $65.45 /m

Drilling Cost $11,192.73

Weight of Tie-back (DYWIDAG) 6.40 kg/m

Total Weight: 1094.4 kg

Steel Price $3.50 /kg

TIE-BACK ROD PRICE: $3,830.40

Grout Volume 0.14137167 m3

TOTAL GROUT VOLUME 2.68606172 m3

Grout Price $400.00 /m3

Grout Cost: $1,074.42

Steel Beam Cut/Replace

Steel Strip (100mmx12mm) 3 m

Amount of Steel Strip 10 ea

Total Length of Strip 30 m

Weight of Strip 94.2 kg/m2

Weight/Strip 0.11304

Total Strip Weight 4.3912 kg

Steel Price $3.50 /kg

Total Strip Cost: $15.37

L - angle (L200x100x13) (to secure tie-back) 29.5 kg/m

Length of angles 155 mm

total weight of angles: 4.5725 KG

Steel Price $3.50 /kg

Total Strip Cost: $16.00

Tie-Back



DESCRIPTION UNIT FORMWORK TOTAL UNIT

CONCRETE WALL BACK AREA 1 60 60 m2

WALL LENGTH 15 m SIDE AREA 2 5 10 m2

WALL HEIGHT 4 m FRONT AREA 1 64.08 64.08 m2

TOP WIDTH 0.5 m

BASE WIDTH 2 m TOTAL FORMWORK AREA 134.08 m2

say 3 labourers and 1 carp

CONCRETE VOLUME 75 m3 and 2 days

Concrete Price: 650 /m3

confirmed 

by client Days for Formwork 2.00

Concrete Cost: $48,750.00 Labour Price $1,210.00 /day

Labour Cost $2,420.00

WEEP HOLES 10 ea Materials: $22.38 /m2

DIAMETER 0.08 m Material Cost $3,000.71

0.5 < L < 2 M (say 1.5m length) 1.5 m Total Formwork Cost: $5,420.71

PVC PRICE-KENTS.CA $13.49 /pc

4" diameter - 10' length
say 2 pipes from one piece (plus one just 

in case? ) 6.00

PVC PRICE: $80.94 TOTAL CONCRETE WALL COST: $54,251.65

Material Cost: $80.94

Labour-Drill holes in formwork and place 

pipe - can be included with formwork price

RIGID GRAVITY WALL



LINE # DESCRIPTION UNIT CREW DAILY OUTPUT LABOUR HOURS BARE MATERIAL BARE LABOUR
BARE EQUIPMENT

BARE TOTAL TOTAL O&P

0 61323100270

Framing, heavy mill timber, beams, 

built from 100mm lumber, multiple 

100mm x 250mm m3 2 Carp 2.36 6.781 518.4 252.24 770.64 959.89

LINE # DESCRIPTION UNIT CREW DAILY OUTPUT LABOUR HOURS BARE MATERIAL BARE LABOUR
BARE EQUIPMENT

BARE TOTAL TOTAL O&P

0 31113854900

Retaining Wall,battered, job-built 

plywood, over 2.4 to 4.8m high, 1 use m2CA C2 22.3 2.153 22.38 79.24 0 101.62 146.86

LINE # DESCRIPTION UNIT CREW DAILY OUTPUT LABOUR HOURS BARE MATERIAL BARE LABOUR

BARE EQUIPMENT

BARE TOTAL TOTAL O&P

313236160060

Grouted soil nailing material delivery 

add $1.14 to $1.26 per truck km for 

shipping

Crew Prices Daily

1 Laborer $283.60

1 Carpenter 359.2

RSMEANS VALUES

SOIL NAILING

FORMWORK

TIMBER



 

 
 
 
 
 
 
 
 
 
 
 

Appendix K 
Construction Schedule 
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