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EXECUTIVE SUMMARY 

Previously, a study was conducted which considered two different options for access 

to the Muskrat Falls site.  One option was access from the north side of the dam via 

permanent access roads already constructed.  The second option was from Happy 

Valley-Goose Bay (HVGB) via the Blackrock (T&W) Bridge and a temporary access 

road constructed on the south side of the river.  It was concluded that a new dock in 

HVGB would be required to offload a 250 tonne power transformer and the T&W 

bridge would require extensive upgrading to permit the transport of a 250 tonne 

transformer across the bridge.  NE-LCP has since decided access to the Muskrat 

Falls Project Site shall be via a new permanent access road from the TLH along the 

south side of the Churchill River to the project site. 

With the completion of the TLH between HVGB and Cartwright, another option to 

transport heavy loads to the Muskrat Falls dam site is now available.  This option 

includes utilizing the dock in Cartwright and transporting heavy loads via the TLH 

and the new permanent access road.  The transport of a 250 tonne transformer was 

modelled as it is assumed to be the heaviest load which will need to be transported. 

With respect to the dock at Cartwright, it was concluded that the transformer can be 

offloaded but it will be necessary to provide a temporary ramp when offloading the 

transformer.  It was also noted that a general condition assessment should be 

performed on the ferry terminal, prior to offloading, to evaluate the condition of all 

fenders, mooring bollards and sheet piles present at the docking facility.  Any 

deficiencies should be repaired and assumptions used in the analysis should be 

confirmed.  It was also noted that any vessel used during offloading of the 

transformers, or any other material, should be of sufficient length to engage the 

waterside mooring dolphin.  If not, then alternate mooring arrangements will be 

required.  The dock at Cartwright is owned by the Department of Transportation and 

Works (T&W) and they will do their own assessment before giving permission to 

offload the transformer. 

The TLH between Cartwright and the proposed access to Muskrat Falls has eight (8) 

bridges.  Starting at Cartwright and proceeding west, the bridges are located on 

Dykes River, Southwest Brook, Beaver Brook, Paradise River, Otter Brook, Kenamu 

River, Traverspine Tributary and Traverspine River.  The Paradise River and 

Kenamu River bridges are both constructed of steel while the rest are constructed 
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from concrete.  The analysis revealed that the concrete bridges have sufficient 

strength to allow the passage of the truck and transformer. 

Mabey Johnson who designed and supplied the steel truss bridge at Paradise River 

was engaged to analyse the transport of the transformer across the bridge.  They 

concluded that the bridge at Paradise River is not capable of supporting the required 

load.  The bridge is only capable of supporting a maximum of 190 tonnes of cargo for 

the assumed trailer weight of 48 tonnes.  This means the trailer would have to be 

winched by cable across the bridge rather than being pulled by the tractor, which 

would add an additional 28 tonnes.  Initially, Mabey Johnson stated that the bridge 

could not be strengthened because of the unique design of the steel panels.  

Subsequently, they said they would be willing to look at using temporary supports but 

with no guarantee that it is possible to do so. 

The steel truss bridge on Kenamu River was designed, supplied and installed by 

Structal, a division of the Canam Manac Group.  Structal used Roche Engineering to 

design the bridge.  Roche was also engaged to do the current analysis of the 

Kenamu River Bridge.  They concluded that the Kenamu River Bridge is not capable 

of supporting the transformer load, and is only capable of supporting a maximum 

load of 130 tonnes of cargo for the assumed transporter weight of 48 tonnes.  It may 

be possible to reinforce the structure to support larger loads but this would require 

further analysis.  The bridges are owned by T&W and they will no doubt do their own 

assessment before giving permission to transport the transformer. 

The recommended access road route is Route 2A, as shown in drawing number 

723469-MF1310-41DD-0002 in Appendix D, at a cost of $  due to lower 

user costs, proximity to granular deposits for road building materials, till for the 

cofferdams and a safer intersection with the TLH.  A second option would be Route 2 

since it has the lowest capital cost of $ .  One advantage of choosing Route 

2, even though it is the option with the longest length, is that 4 km of forest access 

road have already been constructed allowing for quicker site access. 
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1 INTRODUCTION 

1.1 TERMS OF REFERENCE 

The content of this report has been prepared in accordance with the scope of work 

outlined in the Nalcor Energy Lower Churchill Project (NE-LCP) Work Task Order 

(WTO) MF1310 for the Lower Churchill Project at Muskrat Falls dated June 24, 2010. 

In brief, the work includes the following: 

• A review of the docking facilities in Cartwright to determine if they can 

accommodate the transport of a 250 tonne heavy load; 

• A review of the Trans Labrador Highway (TLH) from Cartwright to the proposed 

Muskrat Falls access road to determine if highway bridges and culverts can 

accommodate the transport of a 250 tonne heavy load; and 

• A review of routing for the permanent Muskrat Falls access road from the TLH to 

the Muskrat Falls project site. 

1.2 PREVIOUS STUDIES 

This report is similar to a study completed in February 2008, MF1090 – Review of 

Access Roads and Transportation & Works (T&W) Bridges.  The study considered 

two different options for access to the Muskrat Falls site.  One option was access 

from the north side of the dam via permanent access roads already constructed.  

The second option was from Happy Valley-Goose Bay (HVGB) via the Blackrock 

(T&W) Bridge and a temporary access road constructed on the south side of the 

river.  It was concluded that a new dock in HVGB would be required to offload a 250 

tonne power transformer and the T&W bridge would require extensive upgrading to 

permit the transport of a 250 tonne transformer across the bridge. 

1.3 CONTENT OF REPORT 

NE-LCP has decided access to the Muskrat Falls project site shall be via a 

permanent access road from the TLH along the south side of the river to the project 

site.  With the completion of the TLH between HVGB and Cartwright, another option 

to transport heavy loads to the Muskrat Falls dam site is now available.  This option 
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includes utilizing the dock in Cartwright and transporting heavy loads via the TLH 

and the new permanent access road to be constructed along the south side of the 

Churchill River to the project site. 

As per the scope of work, this report includes the following: 

• A review of existing docking facilities in Cartwright and, in particular, the 

Cartwright Ferry Wharf; 

• Check the existing sheet pile wall for bending and stability when subjected to the 

provided axle loads for the Cartwright ferry wharf; 

• Check existing anchor rod capacity of the ferry wharf; 

• Verify that sheet pile embedment is adequate at the ferry wharf; 

• Recommend solutions for any problems associated with the existing ferry wharf 

with respect to its capacity to handle the design loads; 

• A review of highway bridges and culverts on the TLH between Cartwright and the 

proposed Muskrat Falls access road; 

• A cost comparison of various route options for the Muskrat Falls permanent 

access road; 

• Recommendations on which route alternative is deemed most acceptable along 

with positive and negative attributes of this choice; and 

• Drawings to illustrate access road layouts and drainage areas. 

1.4 DEFINITIONS & ACRONYMS 

DL   Dead Load 

Dle   Dead Load of Equipment 

EL   Seismic Load 

F.S.  Factor of Safety 

GD   Granular Deposit 

HVGB  Happy Valley-Goose Bay 

Kah   Coefficient of Active Soil Pressure 

kg/m²  Kilograms Per Metres Square 

km   Kilometres 
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kN   Kilonewtons 

kN-m  Kilonewton Metre 

kN/m  Kilonewtons Per Metre 

kN/m²  Kilonewton Per Metres Square 

kN/m³  Kilonewton Per Metres Cube 

Kph   Coefficient of Passive Soil Pressure 

LL   Live Load 

m   Metres 

mm  Millimetres 

MPa  Megapascals 

NE-LCP  Nalcor Energy-Lower Churchill Project 

psf   Pounds Per Square Foot 

RLU60  Rural Local Undivided 60 Kilometres Per Hour 

RoRo  Roll on / Roll off 

ROW  Right-of-Way 

T&W  Transportation & Works 

TD   Till Deposit 

TLH  Trans Labrador Highway 

WL   Wind Load 

WTO  Work Task Order 
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2 CARTWRIGHT DOCKING FACILITIES 

2.1 INTRODUCTION 

This section outlines the methodology, assumptions and results obtained for the 

analysis of the Cartwright Ferry Wharf and its capacity to offload heavy transformers 

for the Muskrat Falls Development. 

2.1.1 Facility Description 

The Cartwright Ferry Wharf is a Roll on / Roll off (RoRo) type wharf.  It was originally 

designed to load and offload vehicular traffic from ferry vessels.  Typical traffic 

included both automobiles and large multi-axle freight trucks. 

The wharf structure is comprised of a steel sheet pile bulkhead with concrete cap.  A 

150 mm thick reinforced concrete slab covers a majority of the wharf’s surface.  The 

water depth at the face of the wharf is approximately 5.5 m.  A portion of the wharf 

ramps down to allow loading and unloading of vehicles from ferry vessels.  Rubber 

fender elements are located around the wharf to aid in vessel berthing.  For design 

drawings of the wharf, see Appendix A.  The following photos show the existing ferry 

wharf. 
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Photo 2-1 - Cartwright Facility with Wharf and Dolphin Structure 

 

Photo 2-2 - Cartwright Ferry Wharf 
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Photo 2-3 - Ferry Ramp with Fender Elements (Looking East) 

 

Photo 2-4 - Ferry Ramp with Fender Elements (Looking West) 
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A breasting/mooring dolphin structure is located approximately 100 m from the wharf.  

This is a steel sheet pile cellular structure.  The purpose of the dolphin is to help 

prevent lateral movement of a docked vessel.  The photo below shows the dolphin 

structure. 

 

Photo 2-5 - Breasting/Mooring Structure 

2.1.2 References 

Structural analysis and design will be based on the applicable parts of the latest 

revision of the following code: 

CAN/CSA 16.1   Limit States Design of Steel Structures 

 

The following drawings (included in the analysis package) were used for reference 

during the analysis: 

DWG No. Drawing Title 

SR3 Ferry Ramp Borehole Location Plan and 
Borehole Log 

SR6 Ferry Ramp Plan Sheet Pile Bulkhead 
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DWG No. Drawing Title 

SR7 Ferry Ramp Sections 

0010027949-000-D-B02-1/1-01 Preliminary Transportation Concept for a 250 
Tonne Transformer [sic] 12 Line Conventional 
Trailer 

The following miscellaneous reference material (included in the analysis package) 

was used: 

Reference Title Reference Type 

Z Profile Product Information Sheet pile section technical specifications. 

Geotechnical Design Criteria Geotechnical parameters taken from a 
previous project in Labrador. 

Typical Soil Properties From an online source which outlines typical 
soil properties. 

2.1.3 Units 

All units are in accordance with the International System of Units (SI units). 

2.2 ANALYSIS METHOD 

ArcelorMittal software ProSheet 2.2 was used to analyze the existing sheet pile 

bulkhead wall.  Soil parameters used in ProSheet were based on similar soils from 

another project in Labrador.  All sheet pile sizes, anchor sizes, steel grades and wall 

design elevations were obtained from the design drawings noted in Section 2.1.2. 

ProSheet was written for design and not analysis of sheet pile walls.  However, by 

using the design results, a comparison can be made with the existing wall.  This is 

achieved by selecting the sheet pile section used in the existing wall as the design 

section used in ProSheet. 

Once an analysis is completed in ProSheet, it provides a factor of safety for bending 

based on the properties for the selected sheet pile section.  If the factor of safety for 

bending is less than acceptable, the selected sheet pile section is inadequate for the 

analyzed load. 

The embedment of the existing sheet pile is compared to the required embedment 

given by ProSheet based on the sheet pile section selected.  A standard practice 

Muskrat Falls Project - CE-20 Rev. 1 (Public) 
Page 17 of 179



when using ProSheet is to add a minimum of 25 to 30 percent of the design 

embedment as a factor of safety.  If the existing sheet pile wall is embedded the 

required amount shown in ProSheet, plus 30 percent, the embedment for the existing 

sheet pile would be acceptable. 

Anchor rod forces obtained from ProSheet were used to determine structural 

adequacy of the existing anchor rods. 

2.2.1 Analysis Data 

Based on a Mammoet trailer configuration, the following design parameters were 

established: 

• Ground bearing pressure = 5515.5 kg/m2 = 54.1 kN/m2 (1130 psf) 

• Trailer Length = 18 m 

• Trailer Width = 3 m 

The following table, Table 2-1, illustrates soil parameters which were assumed for 

the sheet pile wall design: 

Table 2-1 - Soil Parameters 

Soil Type Elevation (m) 
Density
Moist 

(kN/m3) 

Density 
Saturated

(kN/m3) 
Kph Kah Phi 

(deg) 
Cohesion
(kN/m2) 

Dark Clayey Silt +2.49 to -2.0 10 20 - 0.227 40 0 

Sandy Silt -2.0 to -5.45 17 27 - 0.799 9 20 

Sand & Gravel -5.45 to -11.13 10 20 - 0.398 27 0 

Sand & Gravel -11.13 to -40 10 20 3.056 0.323 32 0 

Note the above Kph and Kah factors were automatically generated by ProSheet based on the other properties of the soil. 

 

The sheet pile section used for the analysis is an AZ26.  This is equivalent to the 

Arbed BZ 26M 26-9 section specified in the design drawings.  In ProSheet, 270 MPa 

and 320 MPa grades of sheet pile are available, but not the existing sheet pile grade 

of 300 MPa.  Therefore, the wall was checked using the higher grade steel.  The 

moments obtained from the analysis were compared to the calculated moment 

capacity of the sheet pile section.  Hand calculations were completed to determine 

the moment capacity with 300 MPa yield strength steel using the following formula: 
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yn SFMCapacityMoment ϕ=)(  

A factor of safety was calculated as follows: 

MomentApplied
CapacityMomentSafetyofFactor =

 

Factors of safety were also calculated for anchor rod capacities.  This factor of safety 

(based on allowable stress) was: 

ForceRodAnchorApplied
CapacityRodAnchorSafetyofFactor =  

Factors of safety for both bending and anchor rod capacity should be greater than 

1.5.  However, they may be lowered depending on the type and duration of loading. 

2.3 STRUCTURAL DESIGN REQUIREMENTS 

2.3.1 Design Loads 

2.3.1.1 Dead Loads (DL) 

Dead loads include the weight of all fixed structural elements, and all permanent 

equipment loads (Dle). 

2.3.1.2 Live Loads (LL) 

Live loads include truck wheel loads, and personnel.  Since truck loads far exceed 

loads produced by personnel, only truck loads are included as the live load in this 

analysis.  The live load used for analysis was 54 kN/m2. 

2.3.1.3 Equipment Loads 

No stationary equipment loads have been accounted for in this analysis. 

2.3.1.4 Vertical Impact, Side Thrust, Traction and Vibration Loads 

No dynamic analysis was performed.  No impact factors have been used in this 

analysis.  This was assumed since load transfer from the vessel will be at a very 

slow rate and load shifting will not occur. 

2.3.1.5 Wind Loads (WL) 

It is not expected that materials will be transported onto the dock during high winds.  

Thus, wind loads will be minimal and were not accounted for. 
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2.3.1.6 Seismic Loads (EL) 

Seismic loads are not applicable in this analysis. 

2.3.2 Loading Combinations 

For steel structures, load combinations were in accordance with Canadian 

Standards. 

2.3.3 Stability 

Stability of structures was checked for all load conditions in accordance with NBCC 

or S6.  A minimum factor of safety of 1.5 was used for stability checks. 

2.3.4 Deflections 

Deflection limitations were not accounted for in this analysis.  Since it is a one time 

load application over a short duration, bending stresses were used to determine 

adequacy of the existing structure.  However, in the analysis, if bending stresses did 

fall within acceptable limits but deflections were beyond what was felt to be 

adequate, the structure was deemed inadequate. 

2.3.5 Corrosion 

Effects of corrosion were considered.  To account for corrosion in the analysis, a 

sheet pile section with a decrease in web and flange thickness of 1 mm was used.  

Typical corrosion rates in the splash zone are approximately 0.1 mm per year.  

However, maximum bending occurs below the splash zone where approximately 

0.05 mm of corrosion occurs per year.  Given the 26 year age of the bulkhead wall, 

the expected corrosion at the point of maximum bending is: 

mmCorrosion 3.12605.0 =×=  

Thicknesses of the existing sheet pile sections should be checked to confirm 

corrosion rates. 

2.4 MATERIALS 

2.4.1 Structural Steel 

Existing sheet pile sections are AZ26 with yield strength of 300 MPa.  Existing 

anchor rods have a diameter of 75 mm with an upset diameter of 95 mm.  Existing 

rod steel grade is 300WT. 
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2.5 ANALYSIS RESULTS 

Table 2-2 summarizes the results of the analysis of sheet pile sections.  Factors of 

Safety were determined for various sections, based on calculated versus allowable 

bending moments. 

Table 2-2 - Safety Factors 

Load Case Sheet Section Mr (kN-m) Mu (kN-m) F.S. 

Load directly behind wall AZ26 702.0 768.0 0.91 

Load 6.5 m from face of dock AZ26 702.0 492.4 1.43 

Load 6.5 m from face of dock AZ25* 675.0 492.4 1.37 

* AZ25 sheet accounts for 1 mm of corrosion on web and flange of AZ26 sheet. 

 

The applicable case above, to allow for offloading of the transformer, provides a 

factor of safety of 1.37.  This is below the engineering standard of 1.5 for live loads.  

Typically, a live load factor of 1.5 is used due to potential variances and uncertainties 

in the loading.  However, for this case, the load is very well defined, the potential for 

variances is minimal, and it is applied for a short duration.  As well, the loading event 

occurs only five times during the life of the project, with significant time between each 

event. Therefore, it may be acceptable to use a lower factor of safety.  Note the 

factor of safety above takes into account 1 mm of corrosion to the sheet pile.  Sheet 

pile thicknesses should be verified to confirm assumed corrosion rates. 

Sheet pile embedment into the sea floor was checked.  Table 2-3 summarizes the 

results of the analysis for each load case.  The required tip elevation was determined 

and compared to the existing tip elevation. 

Table 2-3 - Embedment Requirements 

Load Case Sheet Section Required Tip Elevation 
(m)* 

Existing Tip Elevation 
(m) 

Load directly behind wall AZ26 -17.28 -18.00 

Load 6.5 m from face of dock AZ26 -16.46 -18.00 

Load 6.5 m from face of dock AZ25 -16.46 -18.00 
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* Required embedment includes ProSheet recommended embedment plus 30 percent of 

design embedment. 

 

As shown in the above table, the existing tip elevation is deeper than the required tip 

elevation.  The sheet pile wall is acceptable with respect to sheet pile embedment. 

Anchor rod capacities were checked and are summarized in Table 2-4.  Factors of 

Safety were determined for each load case, based on calculated anchor rod capacity 

versus allowable anchor force. 

Table 2-4 - Anchor Rods 

Load Case Avg. Rod 
Spacing (m) 

Anchor Force
per M (kN/m) 

Total Anchor
Force (kN) 

Rod Capacity 
(kN) F.S. 

Load directly behind 
wall 2.5 227.5 568.8 1192 2.10 

Load 6.5 m from 
face of dock (AZ26) 2.5 131.7 329.3 1192 3.62 

Load 6.5 m from 
face of dock (AZ25) 2.5 134.3 335.8 1192 3.55 

 

Given an average rod spacing of 2.5 m, the factored load in the tie rod is less than 

the tie rod capacity.  Factors of safety are well above 1.5.  Therefore, existing anchor 

rod capacities are acceptable. 

2.6 RECOMMENDATIONS 

It will be necessary to provide a ramp when offloading the transformer at the 

Cartwright Ferry Terminal.  This ramp should extend a minimum of 6.5 m inside the 

face of the dock.  It should be noted that the ramp must not apply pressure on the 

surface of the dock between the face of the dock and the 6.5 m offset.  The ramp 

shall be designed to handle all applicable loads.  This ramp will be of a temporary 

nature and should only be used for the offloading of the transformer. 

A general condition assessment should be performed to evaluate the current 

condition of all fenders and mooring bollards present at the docking facility.  Any 

fenders that show excessive wear and tear, or are missing, should be replaced.  
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Sheet pile thicknesses should also be checked to confirm corrosion rates assumed in 

this analysis. 

Any vessel used during offloading of the transformers, or any other material, should 

be of sufficient length to engage the waterside mooring dolphin situated 

approximately 100 m from the face of the dock.  This dolphin must be used to 

stabilize the vessel and prevent movement while docked.  If the unloading vessel is 

less than the prescribed 100 m, an alternate mooring arrangement will be required.  

The condition of the fenders and bollard at this dolphin should also be assessed and 

replaced if damaged or missing. 

It should also be noted that the Provincial Government has recently announced that 

the ferry service into Cartwright is being terminated.  If this is so, long term 

maintenance of the ferry terminal, and in particular to RoRo aspect of the dock, may 

become an issue.  NE-LCP should liaison directly with the Department of 

Transportation and Works to discuss long term plans for maintenance of the dock. 
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3 CARTWRIGHT TO MUSKRAT FALLS ACCESS ROAD VIA 
TRANS LABRADOR HIGHWAY 

3.1 GENERAL 

The TLH between Cartwright and the proposed access to Muskrat Falls has eight (8) 

bridges.  Starting at Cartwright and proceeding west, the bridges are located on 

Dykes River, Southwest Brook, Beaver Brook, Paradise River, Otter Brook, Kenamu 

River, Traverspine Tributary and Traverspine River. 

At the time the Trans-Labrador Highway (TLH) was constructed between Happy 

Valley-Goose Bay and Cartwright, it was envisaged that access for heavy loads 

would be from the north side of Churchill River at the project site.  As such, the 

bridges on this section of the TLH were not designed to accommodate the transport 

of heavy loads and equipment, such as transformers, to the future Muskrat Falls 

Hydroelectric Project.  Therefore, it was necessary to evaluate the bridges for this 

exceptional purpose. 

The bridge across Paradise River is an 81 m span, two-lane steel truss bridge.  The 

bridge is an open truss panel bridge which was designed, supplied and installed for 

the Department of Transportation and Works (T&W), Government of Newfoundland 

and Labrador, by Mabey Johnson.  Pictures of the bridge are shown in Photos 3-1 

and 3-2.  The bridge is one of Mabey Johnson’s standard steel panel bridges which 

they refer to as a Delta Bridge. 
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Photo 3-1 – Paradise River Bridge 

 
Photo 3-2 - Paradise River Bridge 

 

The bridge across Kenamu River is also an 81 m span, two-lane steel truss bridge.  

The bridge is not a panel design like the Paradise River Bridge, but a purpose 

designed, open truss steel bridge.  The bridge was supplied and installed for T&W by 

Structal from Quebec City.  The bridge was designed for Structal by Roche 

Engineering.  Pictures of the bridge are shown in Photos 3-3 and 3-4. 
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Photo 3-3: Kenamu River Bridge 

 
Photo 3-4: Kenamu River Bridge 

 

The remaining six bridges are of similar design, each consisting of single span steel 

girders with a concrete deck. 
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3.2 ASSESSMENT OF CONCRETE BRIDGES 

A structural review was undertaken to determine if the six girder bridges across 

Dykes River, Southwest Brook, Beaver Brook, Otter Brook, Traverspine River and 

Traverspine Tributary are capable of accommodating the passage of a 250 tonne 

transformer. 

For the purpose of this evaluation it was assumed that the transport vehicle would be 

similar to that shown in Appendix A, ‘Preliminary Transportation Concept for a 250 

Tonne Transformer, 12 Line Conventional Trailer’, as provided by Mammoet.  The 

vehicle evenly distributes the cargo weight to all wheels such that there would not be 

any excessive large axle loads on the concrete deck of the bridge.  The trailer is 

assumed to have 12 axles, each with eight (8) wheels, supporting approximately 25 

tonnes each.  The total weight of the pull tractor and cargo is assumed to be 326 

tonnes. 

Table 3-1 outlines the general characteristics of the six (6) bridges under review. 

Table 3-1: Highway Bridges 

Bridge Name Dykes 
River 

Southwest 
Brook 

Beaver 
Brook Otter Brook Traverspine 

Tributary 
Traverspine 

River 

Year Built 2001 2001 2002 2008 2009 2008 
Design 
Standard CS 600-88 CS 600-88 CS 600-88 CL 625-06 CL 625-06 CL 625-06 

Bridge Type 
Concrete 

Deck, Steel 
Girder 

Concrete 
Deck, Steel 

Girder 

Concrete 
Deck, Steel 

Girder 

Concrete 
Deck, Steel 

Girder 

Concrete 
Deck, Steel 

Girder 

Concrete 
Deck, Steel 

Girder 
No. Spans 1 1 1 1 1 1 
Span Length 21 m 21 m 20 m 25 m 25 m 20 m 
No. Girders 6 6 6 6 5 5 
Girder Spacing 2.06 m 2.06 m 2.06 m 2.06 m 2.39 m 2.371 m 

 

The bridges were evaluated for the transport of the heavy loads in accordance with 

Section 14 of the Canadian Highway Bridge Design Code, CSA S6-06.  This section 

provides the methodology to determine the factored capacity of existing bridges, and 

the factored load effects for permit vehicles.  The evaluation results in a live load 

capacity factor, which is a ratio comparing the available live load capacity of the 

structure to the applied live load.  If the ratio is greater than 1 then the bridge is 

considered acceptable for the passage of the permit vehicle and the associated load.   
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Section 14 provides for the use of refined methods in determining the load effects on 

the bridge.  One such refined method, utilized during this evaluation, is the software 

program called SECAN4 to determine the lateral distribution of the vehicle load to 

each girder across the bridge, i.e., to determine the amount of the load that is carried 

by each of the girders.  The software program is based on the semi-continuum 

method.  For this evaluation, it is assumed that the permit vehicle will travel along the 

centerline of the bridge, which results in the best distribution of the load among the 

girders.  The evaluation also assumes that no other vehicles will be on the bridge 

during the crossing, and that the vehicle speed will be reduced to less than 25 km/h. 

For all six bridges identified above, the live load capacity factor is greater than 1, 

indicating that the bridges are adequate for the passage of the heavy load assuming 

the transport vehicle identified is utilized.  If a different transport vehicle is used, then 

that vehicle will have to be evaluated.  

 Table 3-2 outlines the results of the evaluation of the permit vehicle under Section 

14 of S6-06. 

Table 3-2: Load Factors 

Bridge Name Dykes 
River 

Southwest 
Brook 

Beaver 
Brook 

Otter 
Brook 

Traverspine 
Tributary 

Traverspine 
River 

Factored Moment 
Resistance (kN*m) 4164 4164 4164 6475 6579 3880 

Factored Dead 
Load Moment 
(kN*m) 

766 766 695 1125 1273 775 

Factored Live Load 
Moment (kN*m) 2186 2186 2065 2986 3489 2435 

Live Load Moment 
Capacity Factor 1.55 1.55 1.68 1.79 1.52 1.27 

Factored Shear 
Resistance (kN) 1567 1567 1567 2346 2346 2252 

Factored Dead 
Load Shear (kN) 146 146 139 180 204 155 

Factored Live Load 
Shear (kN) 610 610 600 699 888 768 

Live Load Shear 
Capacity Factor 2.33 2.33 2.38 3.1 2.41 2.73 

 

Checks performed on the transverse deck moments, crack widths and shear strength 

indicate that there is ample capacity in the deck for this transporter arrangement.  No 

analysis of the foundations was performed.  It should be noted that T&W would 
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perform their own in-depth evaluation prior to final acceptance and issuance of the 

required permits. 

3.3 ASSESSMENT OF PARADISE RIVER BRIDGE 

The Department of Transportation and Works contracted Johnsons Construction 

from Pasadena, NL to design, supply and install a bridge across the Paradise River.  

Johnson’s engaged Mabey Johnson to design, supply and provide the supervision 

for the installation of the bridge.  The bridge is an 81 m, single span, steel truss panel 

bridge which Mabey Johnson refer to as their Delta Bridge.  Mabey Johnson was 

contacted by SNC-Lavalin and they agreed to evaluate the bridge for the passage of 

a transport vehicle carrying a 250 tonne transformer. 

For the purpose of this evaluation, it was assumed that the transport vehicle would 

be the same as described in Section 3.2 of this report and shown in Appendix A, 

“Preliminary Transportation Concept for a 250 Tonne Transformer, 12 Line 

Conventional Trailer”, as provided by Mammoet. 

Mabey Johnson did not provide a formal report of their analysis, however, the 

necessary information was provided in a series of emails (attached as Appendix B).  

In essence, Mabey Johnson concluded that the bridge is not capable of supporting 

the assumed loads. 

As part of their evaluation, Mabey Johnson also examined the maximum permissible 

cargo weight that may be transported across the bridge, assuming the same 

transport vehicle.  This calculation revealed that the bridge is capable of supporting 

only 190 tonnes of cargo for the assumed trailer weight of 48 tonnes.  This assumes 

the trailer would be winched by cable across the bridge rather than being pulled by 

the tractor, which would add an additional 28 tonnes. 

The initial indication from Mabey Johnson was that the bridge could not be 

strengthened to permit passage of the heavy load.  In subsequent correspondence, 

they indicated they would be willing to look at using temporary supports beneath the 

bridge.  This would take a considerable effort to investigate and should be a topic of 

further discussion if NE-LCP wishes to pursue the use of this bridge. 
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3.4 ASSESSMENT OF KENAMU RIVER BRIDGE 

The Department of T&W contracted Structal, a division of the Canam Manac Group, 

to design and construct a bridge across the Kenamu River.  The bridge is an 81 m, 

single span steel truss.  Roche Ltd Consulting Group, an engineering firm in Quebec 

City, designed the bridge and was contracted by SNC-Lavalin to evaluate the bridge 

for the passage of a transport vehicle carrying a 250 tonne transformer. 

For the purpose of this evaluation, it was assumed that the transport vehicle would 

be the same as described in Section 3.2 of this report and shown in Appendix A, 

“Preliminary Transportation Concept for a 250-tonne Transformer, 12 Line 

Conventional Trailer” as provided by Mammoet. 

Roche has prepared a report, entitled “Passage of a Trailer Truck Carrying a 250 MT 

transformer on the Kenamu River Bridge near Goose Bay”, which outlines the results 

of their evaluation (attached as Appendix C).  In essence, Roche concluded that the 

bridge is not capable of supporting the assumed loads, with the major weak link of 

the bridge structure being the main trusses.  In addition, Roche concluded the 

transfer beams and stability frames would also require reinforcement. 

As part of their evaluation, Roche also examined the maximum permissible cargo 

weight that may be transported across the bridge, assuming the same transport 

vehicle.  This calculation revealed that the bridge is capable of supporting only 130 

tonnes of cargo for the assumed transporter weight of 48 tonnes.  Roche also noted 

that it may be possible to reinforce the structure to support larger loads; however, 

this would require further analysis. 

Upgrading the bridge to meet the load requirement should be a topic of further 

discussion if NE-LCP wishes to still pursue the use of this bridge. 
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4 MUSKRAT FALLS ACCESS ROAD 

4.1 INTRODUCTION 

In this section, four different route options from the TLH to the Muskrat Falls project 

site were evaluated (Routes 1, 1A, 2 and 2A).  These routes can be viewed on 

drawing 723469-MF1310-41DD-0001 found in Appendix D. 

A site visit was conducted on August 17, 2010.  The purpose of this visit was to view 

the various access road options as well as a newly constructed forest access road.  

This forest access road marks the beginning of one of the route options (Route 2). 

It is suggested that the Muskrat Falls access road be constructed to the permanent 

access road standard (RLU60) suggested in the MF1090 report dated February 2008 

(Reference 1).  The road would have a 9.5 m wide top and 2:1 side slopes as per the 

typical section shown in Figure 4-1.  Construction of this new road will include the 

following: 

• Clearing and grubbing of road right-of-way (ROW); 

• Environmental protection, including placement of silt traps; 

• Cut and fill as required; 

• Borrowing of fill material, common and rock; 

• Supply and placement of 200 mm of road maintenance grade crushed material; 

• Supply and placement of culverts and ditching as required; 

• Construction of a bridge on the McKenzie River; and 

• Supply and placement of guiderail as required. 
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Figure 4-1 - Typical Section for New Permanent Road (Reference 1) 

 

4.2 ROUTE OPTION COMPARITIVE COST ESTIMATES 

Quantities for each of the routes were governed mainly by the length of the road as 

well as the surrounding terrain including drainage areas.  It should be noted that the 

estimates presented in this report are for comparison purposes only.  Detailed 

engineering shall be carried out to produce a more accurate estimate of the cost 

before issuing tenders for construction.  It should also be noted that maintenance 

costs were not included in the estimates for the routes. 

The culvert and new bridge requirements for these access roads were determined by 

assessing the existing drainage areas.  Please refer to Appendix D for drawing 

723469-MF1310-41DD-0003 illustrating the drainage areas for the recommended 

route, Route 2A.  From these calculations, it was determined that one short span 

bridge, approximately 20 m, would be required at the McKenzie River for each of the 

routes.  In the 2008 report, MF1090 (Reference 1), it was envisaged that a large arch 

style culvert would be suitable for the Caroline Brook crossing on the recommended 

route.  Based on this year’s site visit, and considering the road will be a permanent 

facility, a bridge would be more appropriate for Caroline Brook on Route 1.  A bridge 

is not required for any of the other routes at Caroline Brook because the routes are 

designed such that the drainage area feeding into the brook is split into two smaller 

areas for which culverts will be sufficient. 

Three large arch style culverts are required for Route 1.  For Route 1A, five large 

arch style culverts are required.  Route 2 and Route 2A both require four large arch 
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style culverts.  These culverts range in size from 3,730 X 2,290 mm to 7,620 X 4,240 

mm. 

Cost estimates were determined for each of the routes and are summarized in the 

following table: 

Table 4-1: Summary of Cost Estimates for Route Options 
Route 1

(19.1 km)
Route 1A
(21.8 km)

Route 2
(22.0 km)

Route 2A
(21.4 km)

Rock
Common

7620 X 4240 mm CMP 3.5 mm
6250 X 3910 mm CMP 3.5 mm
4370 X 2870 mm CMP 3.5 mm
3730 X 2290 mm CMP 3.5 mm
2400 mm CMP 2.8 mm
2000 mm CMP 2.8 mm
1800 mm CMP 2.8 mm
1600 mm CMP 2.8 mm
600 mm CMP 2.0 mm

McKenzie River
Caroline Brook

Grand Total

Section Description

Standard Type Guide Rail

BRIDGES1

Road Maintenance Grade

SUPPLY & INSTALLATION OF GUIDE RAIL

Supply & Placement of Pipe Culvert

ENVIRONMENTAL REQUIREMENTS

CLEARING & GRUBBING

ROADWAY EXCAVATION, EMBANKMENT & 

Silt Fence

Clearing
Grubbing

SELECTED GRANULAR BASE & SUB-BASE 

PIPE CULVERTS

Mass Excavation & Backfill

Existing Forest Access Road2

 
1 2 

As can be seen from the above table, the most costly route is Route 1A followed by 

Route 1.  The least costly alternative is Route 2 followed by Route 2A.  However, in 

relative terms there is very little difference in the cost of the various options.  More 

detailed estimates for each of the options can be found in Appendix E. 

                                                 
1 Estimate is for steel panel or steel girders on treated timber abutments and wooden deck designed to 
accommodate the transport of a 250 tonne transformer load.  A bridge with concrete abutments, steel 
girders and concrete deck is estimated to cost $  
 
2 Estimated salvage value of forest access road is $ km. 
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4.3 RECOMMENDATIONS 

Based on the cost summary in the previous section as well as a number of other 

factors which will be discussed in this section, the recommended choice is Route 2A 

at a cost of .  See drawing number 723469-MF1310-41DD-0002 in 

Appendix D.  A second option would be Route 2 since it has the lowest capital cost 

of   There are advantages and disadvantages to choosing either of these 

options. 

The primary reason for choosing Route 2A over Route 2 is due to user costs.  Even 

though Route 2 has the lowest capital cost, traffic out of HVGB will have to travel an 

extra 7 km each way to get to the project site at Muskrat Falls.  The majority of the 

construction traffic is expected to come from HVGB and the extra user cost may 

prove significant over the life of the project. 

One advantage of choosing Route 2 even though it is the option with the longest 

length is that 4 km of forest access road have already been constructed.  This forest 

access road will need to be upgraded to the permanent standard but the remainder 

of the road from the end of the forest access road to the Muskrat Falls site can be 

constructed first with upgrades being made later, allowing earlier access to the site.  

Upgrading existing road also contributes to cost savings rather than building new 

roads.  If more forest access road is constructed before the Muskrat Falls access 

road begins, it will lead to even more significant cost savings, further lowering the 

capital cost, however, the long term user costs should be considered before 

choosing this route. 

There are a number of arguments why the route from the 2008 report (Reference 1), 

Route 1 in this report, has not been chosen.  One is the requirement for a bridge at 

Caroline Brook. 

Another reason for choosing Route 2A or 2 over Route 1 is that the 2010 site 

investigations have revealed that there are granular materials along Route 2A and 2.  

TD-5 shown on drawing 723469-MF1310-41DD-0002 is a good granular deposit.  

Depending on the final borrow quantity, the amount of common material may 

increase and the amount of rock may decrease from those used for comparative cost 

purposes.  This would result in a lower cost for the road than indicated in the 
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Lower Churchill Project February 2011 
MF1310 - Muskrat Falls Site Access Review Project No. 723469 
 

SNC-Lavalin Inc. Page 31 

comparative cost summary.  Also, the site visit revealed there are granular materials 

available along the forest access road. 

The 2010 site investigation has determined that till for the coffer dam will come from 

borrow areas TD-4, TD-6 and TD-7 also indicated on drawing 723469-MF1310-

41DD-0002.  Route 2 or 2A will provide less costly access to these deposits.  Also, 

GD-8 is a good granular deposit and, if it proves necessary to access this deposit, 

Route 2 or 2A will again provide the less costly access. 

Materials along Route 1 are anticipated to be sandier.  While sand is acceptable as a 

road building material, it requires the use of more rock to stabilize the sand. 

Finally, the intersection of Route 1 with the TLH is not ideal.  Due to the fact that it is 

located on the outside edge of a sharp curve in the highway, the sight distance for 

traffic turning onto the TLH from the access road, or traffic making left turns onto the 

access road coming from Cartwright, is limited.  The sight distance available is 

acceptable as long as the TLH remains a gravel road.  However, now that the 

Muskrat Falls access road shall be permanent, and the fact the TLH will be paved 

someday, traffic speeds will increase, making the intersection less safe.  Sight 

distances for Routes 2A and 2 are much more favourable. 
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APPENDIX A 

CARTWRIGHT DOCKING FACILITY 

SKETCHES AND CALCULATIONS
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Design Criteria 

Shipping Dock (Marine) Revision 

Westmar # Date Page 

Design Criteria No. 
00 2002/11/20 9 02817-00-100 

West 105 

Northwest 111 

4.14 Geotechnical Parameters 

Geotechincal analysis will be based on data obtained during previous soils investigation (12 
boreholes described in a report by Newfoundland Geosciences Ltd. dated December 1997- PM77-
01 to 08 and PM97-A to D inclusive), supplemented by additional boreholes as determined by the 
geotechnical consultant. Based on existing data, soil properties are assumed to be as follows. 

An analysis of the information indicates a layer ofloose to compact silty sand, a layer of silt to clay, 
more silty sand with gravel, and a layer of cobbles and boulders, over bedrock having an irregular 
surface. The thickness of overburden is about 23 m, at the face of the dock. 

The bedrock appears to be sloping seaward at a rate of about 1 in 6. The depth from the top of the 
overburden to dense competent material is about 12 m at the face of the dock and about 8 m at the 
back ofthe cells. 

There is no evidence of permafrost in the shipping dock area. 

Geotechnical Stratum 

Parameter 
Silty Silt to Silty Sand Cobbles and 

Rockflll 
Sand Clay with Gravel Boulders 

Unit Wt. (sat.) ?sat. (kN/m3
) 20 27 20 22.5 20 

Unit Wt. (eff./sub.) ?1 (kN/m3
) 10 19 10 12.5 10 

Angle Shear Resistance (0) (") 27 9 32 32 40 

Ka (Horizontal Surface) Coefficient of Active 0.37 0.37 0.3 0.3 0.22 
Earth Pressure 

Kp (Horizontal Surface) Coefficient of 2.7 2.7 3.3 3.3 4.6 
Passive Earth Pressure 

4.15 Materials 

Refer to Structural Design Criteria 334350-0000-42EC-0002-l with the following additional 
requirements: 

P: \2002\0281 7\DESJGN CRITERIA \0281 7-00-100 Rev. 00 nov. 20.doc 

VBP-012 Rev I 
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Typical Soil Properties 

Bulk Unit Weight (y) 

This is typically 15 kN/m3 for many top soils but can vary between 11 kN/m3 for a loose dry 

soil to 18 kN/m3 for dense wet soils. Figure 1 shows a range of typically recorded values. 

Cohesion (c) 

This is almost zero for dry loose sandy soils and can rise to over 100 kN/m2 for hard dry clay 

soils. Friable (moist) sandy loam soils are typically in the range 5 to 15 kN/m2 and moist 

plastic clay soils 10 to 40 kN/m2
• 

Angle of Internal Friction ( ~) 

Theoretically a pure clay would have a value of 0° and ~ would rise with increasing sand 

content and density to approximately 40° for a compact sandy loam soil. Loose sands range 

between 25 to 30°. As pure clays are rarely found in top soils the typical value for a 'clay' 

soil would be in the range 5 to 10°. 

Angle of Soil-Metal Friction (o) 

These values are also related to the frictional content of the soil and linked to the 'roughness' 

of the surface fmish. Typical values of o for a sandy loam soil sliding over a steel surface are 

20 to 22°, however, these values can fall as the surface fmish becomes 'polished' to 15°. 

These results suggest that the value of o would lie between 0.5 to 0. 7 of the value of~· 

Adhesion (Ca) 

This can be considered negligible in all but wet "sticky" soils, with high clay contents. As 

this is a special case the value should be measured directly for any particular study. 

Typical default values 

The following values are suggested for use if further information is not available. 

Sandy Loam Loam Clay loam 

Bulk Unit Weight (y) 15 kN/m3 15 kN/m3 14 kN/m3 

Cohesion (c) 10kN/m2 20kN/m2 30kN/m2 

Angle of Internal Friction ( ~) 35° 20° 100 

Angle of Soil-Metal Friction (o) 22° 10° 60 

Adhesion (Ca) 0 0 0 
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EXISTING WALL WITH SURCHARGE DIRECTLY BEHIND WALL 

The following ProSheet analysis is based on the original design conditions utilizing the 
AZ26 sheet pile section. Wall is anchored at location shown on drawings. 

Surcharge of 54.1 kN/m from trailer wheels is applied directly behind the wall. 

Soil properties used based on BH 1 0 soil sample. Please see Table 2.1 for soil 
parameters. 
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Lower Churchill - Cartwright Ferry Landing Load Check - Headwall - Section 1 Date: 2010-09-09 

Sheet Pile Design According to Blum-Method 

Project Name: Lower Churchill - Cartwright Ferry Landing Load Check 

Date: 2010-09-09 

Author: Christopher Fudge 

Company: 

Comment: Analysis of the current ferry landing at Cartwright during offloading of equipment for Lower Churchill development. 

Project Name: Lower Churchill - Cartwright Ferry Landing Load Check 

Date: 2010-09-09 

Author: Christopher Fudge 

Company: 

Comment: Analysis of the current ferry landing at Cartwright during offloading of equipment for Lower Churchill development. 
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Lower Churchill - Cartwright Ferry Landing Load Check - Headwall - Section 1 Date: 2010-09-09 

Geodata 
.. "',<~ -~~- .!'.JJ:: ,Unit _2_ ·<>.·. 

$heEl~ Pf!$1" OR L.V'el [fn] ' :.- -2.490 

sf'Mjiji .~lle'I]P L~ .. (mL~2 : __ :r.),.- :;; 13.280 Caquot2 

SOil Lt~el iii1 Frtliit[mJ . : -~ 6.000 

sbll 4&Ve1 ~~!Rt tml ~~@~ -~- ~~~- -2.490 

' An~eviili (ffiJ ' . ,-~ -1.000 Anchor 

water LeveiTilf ri'.QI'Jt [rriJ 0.000 -· Water 1 
-Water Levijl tti!_h!fld [m] " 0.000 

spu~ce lricll~tion ln'Fr;Qnt~ -2.000 

,SoifJ_ey.tJrt\lr.e· l~!ton ~~p(i~&gJ . 5.000 

-G<iqoot S'IXC:harg$t in 'F:ront (kNli112l ~- 0.000 

Ga"q_QOt ~uri:ha~ ~hind_ (I(Nim_2J - 54.100 

~.lrlclinaUon , (!l:l~l . 
,.. - 0.000 

Soi11 
~-------
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Lower Churchill - cartwright Ferry Landing Load Check - Headwall - Section 1 Date: 2010-09-09 

Soil Layers 

Layers in Front 
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Lower Churchill - Cartwright Ferry Landing Load Check - Headwall - Section 1 Date: 2010-09-09 

Pile Section 
~ame . AZ\26 
~~.[~i4/m] 55509.996 

MOdulus• [cmYmJ 2600.000 

Nea[qn2/m] 197.800 

M~9/m2J 155.200 

St~IIGhl® [Ntml1)2] 320.000 

Requeste(l SafetY 
'"r 

1.500 
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Lower Churchill - Cartwright Ferry Landing Load Check - Headwall - Section 1 Date: 2010-09-09 

All Values 
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Lower Churchill - Cartwright Ferry Landing Load Check - Headwall - Section 1 Date: 2010-09-09 
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Lower Churchill - Cartwright Ferry Landing Load Check - Headwall - Section 1 Date: 2010-09-09 

Extremal Values 
;< z~n [m) Min' 'z.Max[m) Max <' 

oiin~oo t1111 4.250 -0.075 -2.490 0.033 

'ems& Faroe ~ffil 13.086 -541.405 7.750 288.885 

Monlent P<Nfri71Jl] ~ 4.000 -768.032 10.970 526.696 
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Subject: RE: Proposal for Heavy Load Transport across the Paradise River Bridge 
 

From: Smith, Todd  
Sent: October 21, 2010 2:46 PM 
To: David Gillard 
Cc: Graham Wilkinson (E-mail); Nick Iannetta; McCarthy, Terry 
Subject: RE: Proposal for Heavy Load Transport across the Paradise River Bridge 
 
David,
Thanks for the information.  We will have to give some thought to the idea of intermediate supports as these would have to be 
permanent - although the work is being done to determine the transportation limitations for the project construction, we will 
also have to maintain this ability for the life of the operation of the facility in case of failure of any of the heavy components.
 
Thanks again,
Todd
 

From: David Gillard [mailto:David.Gillard@mabeybridge.co.uk]  
Sent: October 21, 2010 2:41 PM 
To: Smith, Todd 
Cc: Graham Wilkinson (E-mail); Nick Iannetta; McCarthy, Terry 
Subject: RE: Proposal for Heavy Load Transport across the Paradise River Bridge 
 
Todd,
 
The 205 tonnes in my earlier email was for cargo only, so the total weight of cargo plus trailer would be about 253 tonnes.  
The safety factor that I gave for that load was with the tractor pulling the trailer, giving a total combined load of about 280 
tonnes.  At this load, with a factor of safety against failure of about 1.31, which is lower than we like to go, we would have 
some concerns that deformation could occur local to some of the holes (for bolts or "pegs") in the bridge, which might give 
rise to damage to the galvanised coating in these areas.  However, we would not expect the future performance of the bridge, 
in terms of either load capacity or fatigue life, to be adversely affected.  We would feel more comfortable if the factor of safety 
did not go below 1.36 (an overstress of 25%).  To achieve this, the payload would need to be reduced to 190 tonnes, with 
cargo plus trailer then being about 238 tonnes and the total with the tractor unit being about 265 tonnes.
 
Further to Nick Iannetta's earlier email, I had a look at Limit State analysis to BS5400, but this didn't seem to help.
 
One other thought has come up following discussions with some of my colleagues - would it be possible to construct some 
temporary supports beneath the bridge?  If so, we would have to think about how loads could be transferred out of the bridge 
and into these supports satisfactorily, as we would be dealing, in effect, with a multi-span continuous Delta, which is not 
something that we claim to be able to do.
 
Regards,
 
David
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-----Original Message----- 
From: Smith, Todd [mailto:Todd.Smith@snclavalin.com] 
Sent: 21 October 2010 14:26 
To: David Gillard 
Cc: Graham Wilkinson (E-mail); Nick Iannetta; McCarthy, Terry 
Subject: RE: Proposal for Heavy Load Transport across the Paradise River Bridge 
 

David,
After some review and discussion, we have decided not to pursue further investigation into the bridge capacity under 
Part 14 of CSA S6.  We will use the information and safety factors as you presented them earlier for the work we are 
performing at this time, with the understanding that there is no way to strengthen the bridge, and we appreciate your 
assistance to this point.
 
However, could you clarify a couple of points that you made in your earlier correspondence.  Please confirm that the 
205 tonnes allowable cargo weight is for the cargo only, and thus the total weight including the trailer would be 253 
tonnes?  Also, could you confirm if the safety factor for this load is with the tractor pulling the trailer or with the trailer 
being winched?
 
Thanks,
Todd
 

From: Smith, Todd  
Sent: September 30, 2010 10:01 AM 
To: 'David Gillard' 
Cc: Graham Wilkinson (E-mail); Nick Iannetta; McCarthy, Terry 
Subject: RE: Proposal for Heavy Load Transport across the Paradise River Bridge 
 
David,
Please submit a proposal with a fee for determining the live load capacity factor in accordance with Part 14 of CSA 
S6.  We would like for this to be completed within two weeks of acceptance of your proposal (this would have to be 
forwarded to our client for approval).  
The load will not be crossing any time soon, as this work is being performed as part of a study to determine any 
issues and upgrades that might be required to the proposed transport route for an upcoming project.
I am available to assist you in interpreting the code.
 
Also, I have a couple of additional questions.  Could you confirm that the 205 tonnes cargo weight is for the cargo 
only, and thus the total weight including the trailer would be 253 tonnes?  Could you confirm if the safety factor is with 
the tractor pulling the trailer of with the trailer being winched?
 
Thanks,
Todd
 

From: David Gillard [mailto:David.Gillard@mabeybridge.co.uk]  
Sent: September 29, 2010 2:22 PM 
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To: Smith, Todd 
Cc: Graham Wilkinson (E-mail); Nick Iannetta 
Subject: RE: Proposal for Heavy Load Transport across the Paradise River Bridge 
 
Todd,
 
Sorry for the delay in replying - I haven't had a chance to get to grips with this yet.  I did scan through your email and 
the attachment when it first came in and I have the impression that it won't be a five minute job as it's all new to me.  
While we're happy to give some advice free of charge, I feel that we might have reached the point where we will have 
to charge you for any further work.  Please let us know whether this will be acceptable and, if so, my manager, Nick 
Iannetta, will be in touch with you to discuss the details.
 
Please can you also let us know the timescale involved for sorting this out - when would the heavy load be crossing, 
if it is possible for it to do so?
 
Regards,
 
David

-----Original Message----- 
From: Smith, Todd [mailto:Todd.Smith@snclavalin.com] 
Sent: 27 September 2010 13:28 
To: David Gillard; grahamwilkinson@rogers.com 
Cc: Eric Snelgrove; Nick Iannetta; McCarthy, Terry; Hugh Blunt 
Subject: RE: Proposal for Heavy Load Transport across the Paradise River Bridge 
 
David,
I have attached some of the relevant sections of the code as they relate to the load factors for evaluation.  
The factors depend on a number of things, including system and element behaviour, and inspection, which 
are used to determine a reliability index, which in turn is used to determine the load factors from various 
tables.  For this case, I see the system behaviour as S1 because it is essentially a two girder system.  I see 
the element behaviour as E3 for a ductile system (although maybe this should be E1 if bolt shear governs).  I 
see the inspection level to be INSP2.  This then yields a target reliability index, beta, for PC traffic as 2.75 
from Table 14.6.  The dead load factor depends on the item itself, where factory produced components fall 
under category D1, the dead load factor is then 1.06 from Table 14.7.  The live load factor is 1.13 from Table 
14.12.  The resistance adjustment factor in Table 14.15 depends on the failure mechanism - if it is failure by 
compression or tension on the gross section (assuming truss behaviour) then U=1.01; if it is in the bolts then 
U=1.2.  The dynamic load allowance (impact factor) is taken from article 14.9.3 depending on the assumed 
speed of travel.  The live load capacity factor is then calculated using article 14.15.2.1.  Note that A is ice 
accretion, which I think can be taken as zero for this evaluation - we would have to re-evaluate if we actually 
encounter this at a later date.  Please verify the assumptions above.  
If you have any questions, please advise.
Regards,
Todd
 
 From: David Gillard [mailto:David.Gillard@mabeybridge.co.uk]  
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Sent: September 24, 2010 8:13 AM 
To: Smith, Todd; grahamwilkinson@rogers.com 
Cc: Eric Snelgrove; Nick Iannetta; McCarthy, Terry; Hugh Blunt 
Subject: RE: Proposal for Heavy Load Transport across the Paradise River Bridge 
 
Todd / Graham,
 
1)  My assessment of "Factor of Safety" is based on the total of the unfactored dead load and live load 
effects compared to the capacity of the structure.  Note that live load effects include a factor of 1.1 for the 
combined effects of dynamic impact and maldistribution (eccentricity), i.e. they assume that the load passes 
dead slow down the centreline of the bridge, but do not include load factors.  We establish the strength of 
our bridges by full scale testing. In simplistic terms, we define the capacity of one of our bridges as being the 
failure bending moment or shear divided by 1.7, which is the "Factor of Safety".  These capacities are what 
we use to determine the construction required for "normal" civilian loadings (we also look at fatigue, 
deflection and other "service" requirements as necessary).  For exceptional loads, such as this one, we 
allow an "overstress" on the calculated capacities, resulting in a reduced factor of safety.  We commonly 
allow an overstress of 1.133, which equates to a factor of safety of 1.5; if we are confident that the load is 
accurately defined and that the crossing will be well controlled we sometimes let the overstress go as high 
as 1.25 or, exceptionally, 1.3 - a factor of safety of 1.31.  While we don't feel that load factor design is 
appropriate for our pinned panel "Bailey" type bridges, it is more appropriate to Delta as used at Paradise 
River.  If you let me have the appropriate load factors I'll have a look and see what answer that approach 
gives.  Note that by overstressing the bridge, there is a chance that the friction grip splices in the bottom 
chord could slip, which would reduce the amount of pre-camber in the structure.
 
2)  I've had a quick look and I estimate that a cargo weight of 205 tonnes should get the factor of safety up to 
just over 1.31, based on my normal approach as outlined above.  I'd need to have a more considered look at 
this to confirm it.
 
Best regards,
 
David

-----Original Message----- 
From: Smith, Todd [mailto:Todd.Smith@snclavalin.com] 
Sent: 22 September 2010 19:34 
To: grahamwilkinson@rogers.com 
Cc: Eric Snelgrove; David Gillard; Nick Iannetta; McCarthy, Terry 
Subject: RE: Proposal for Heavy Load Transport across the Paradise River Bridge 
 
Graham,
Thanks for the information.  We do have a couple of things we would like more information on.
 
1 - The Canadian bridge code, section 14 for evaluation of permit loads, refers to a live load 
capacity factor, which is the ratio of the factored resistance less the applied dead load to the 
factored live load.  If this value is more than one, then theoretically the load is acceptable.  Could 
you ask David to elaborate on what ratio is used to determine the factor of safety (eg. 
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total resistance / total load)?  Is he referring to the live load capacity factor interchangeably with the 
factor of safety?  If he is, then 1.2 seems adequate since it is more than 1.0.
 
2 - We are wondering, if the 250T transformer is too heavy, then is it possible to determine, or 
estimate, an acceptable weight for the cargo which would be transported on the same carrier as 
previously provided.
 
If there is a fee for this work, please advise.
 
Thanks again,
Todd
 

From: Graham Wilkinson [mailto:grahamwilkinson@rogers.com]  
Sent: September 16, 2010 11:07 AM 
To: Smith, Todd 
Cc: 'Eric Snelgrove'; 'David Gillard'; 'Nick Iannetta' 
Subject: FW: Proposal for Heavy Load Transport across the Paradise River Bridge 
 
Todd,
 
Please see the comments below from Mabey’s engineering department…..
 
Let me know if you need us to check anything else out.
 
Graham Wilkinson
 
ALGONQUIN BRIDGE INC.
Tel. 905-990-2911 Mississauga office
Fax 905-990-2944 Mississauga office
Cell. 416-666-3955
Email: graham@algonquinbridge.com
 
 

From: David Gillard [mailto:David.Gillard@mabeybridge.co.uk]  
Sent: Thursday, September 16, 2010 7:42 AM 
To: Graham Wilkinson (E-mail) 
Cc: Hugh Blunt; Nick Iannetta; Carlos Arias 
Subject: FW: Proposal for Heavy Load Transport across the Paradise River Bridge
 
Graham,
 
One further thought - we have based our analysis on the axle loads given in the diagram, which give 
about 298 tonnes for the 250 tonne transformer plus the trailer.  Are these the correct axle loads for this 
combination?
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Regards,
 
David
 
-----Original Message----- 
From: David Gillard  
Sent: 16 September 2010 12:32 
To: 'grahamwilkinson@rogers.com' 
Cc: Hugh Blunt; Nick Iannetta; Carlos Arias 
Subject: RE: Proposal for Heavy Load Transport across the Paradise River Bridge

Graham,
 
With the load as advised and assuming that no additional dead load (e.g. surfacing) has been added to 
the bridge, then even with a controlled crossing dead slow down the centreline of the roadway, the 
factor of safety we calculated was less than 1.2.  I think this is not adequate.  Our "controlled crossing" 
assumptions were, if anything, rather optimistic - we limited the combined effects of impact and 
eccentricity to 10%.
 
I don't think there is any way to strengthen the bridge, either.
 
The only suggestion we can come up with is to winch the load across without the prime mover.  Even 
then, if impact and, more relevantly, eccentricity can be kept to a combined 10%, the factor of safety is 
still less than 1.25.
 
Best regards,
 
David

-----Original Message----- 
From: Graham Wilkinson [mailto:grahamwilkinson@rogers.com] 
Sent: 16 September 2010 11:51 
To: David Gillard 
Subject: RE: Proposal for Heavy Load Transport across the Paradise River 
Bridge

David,
 
I didn't hear anything back. 
 
In speaking with Todd smith last week, I got the impression that the load 
could not be reduced much. He was wondering if there was any way to 
strengthen the Delta. I advised at the time that to the best of my knowledge, 
at 81m the Delta at Paradise River is already maxed out.
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I'd appreciate any comments from your end so that I can reply back to Todd.
 
Thanks
 
Graham
 

From: David Gillard [mailto:David.Gillard@mabeybridge.co.uk]  
Sent: Thursday, September 16, 2010 4:04 AM 
To: grahamwilkinson@rogers.com 
Cc: Carlos Arias; Hugh Blunt 
Subject: RE: Proposal for Heavy Load Transport across the Paradise River 
Bridge
 
Graham,
 
Yes, Carlos put up an enquiry, which we sent back on Monday, so I'm surprised you haven't 
been given the results: it's way too heavy.  We couldn't get close to making it work, even with 
a controlled crossing at a reduced factor of safety.
 
Is there any chance they can break the big load down?
 
Regards,
 
David

-----Original Message----- 
From: Graham Wilkinson [mailto:grahamwilkinson@rogers.com] 
Sent: 15 September 2010 20:02 
To: David Gillard 
Subject: FW: Proposal for Heavy Load Transport across the Paradise 
River Bridge

Dave,
 
Did you ever get a chance to take a look at this?
 
Graham
 

From: Smith, Todd [mailto:Todd.Smith@snclavalin.com]  
Sent: Wednesday, September 01, 2010 7:04 AM 
To: grahamwilkinson@rogers.com 
Cc: David Gillard 
Subject: Proposal for Heavy Load Transport across the Paradise 
River Bridge
 
Graham,

file:///G|/723469/Secretarial/15-Reports/MF1310/Draft%20-%20PB/Appendices/Appendix%20B/Appendix%20B.htm (7 of 9) [2010-12-23 10:48:42 AM]

Muskrat Falls Project - CE-20 Rev. 1 (Public) 
Page 115 of 179



file:///G|/723469/Secretarial/15-Reports/MF1310/Draft%20-%20PB/Appendices/Appendix%20B/Appendix%20B.htm

We would like you to provide a proposal to analyze the Paradise River Bridge (KM 
828.2, Route 500, NL) for the transport of a heavy load across the bridge.  The bridge 
was provided by Algonquin Bridge to the Government of Newfoundland and Labrador 
in 2005, drawing # S01346/001, dated 3/11/2005.  Attached is the arrangement for 
the transporter and the associated axle loads.  The scope of work would include 
updating your structural models with the loads as attached, check member capacities 
accounting for the provisions of chapter 14 of the CHBDC S6, provide an estimate of 
the maximum permissible load if the attached loads are too heavy (assuming the 
same transporter), and provide a report outlining your results.  Please provide a 
schedule for completion of this work with your proposal.
 
If you require any additional information, please advise.
 
Regards,
Todd
 

From: Graham Wilkinson [mailto:grahamwilkinson@rogers.com]  
Sent: August 31, 2010 5:08 PM 
To: Smith, Todd 
Cc: 'David Gillard' 
Subject: RE: Contact for Graham Wilkinson

Todd,
 
We can review the load.
 
We need to know the following:
 
Axle loads .... in kN
Axle spacings.... in meters
# of wheel per axle and footprints c/w lateral spacings.
 
Graham Wilkinson
 
ALGONQUIN BRIDGE INC.
Tel. 905-990-2911 Mississauga office
Fax 905-990-2944 Mississauga office
Cell. 416-666-3955
Email: graham@algonquinbridge.com
 
 

From: Smith, Todd [mailto:Todd.Smith@snclavalin.com]  
Sent: Tuesday, August 31, 2010 2:24 PM 
To: grahamwilkinson@rogers.com 
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Subject: RE: Contact for Graham Wilkinson
 
Graham,
I have tried to call but so far no response.  I have a drawing for the Paradise River 
Bridge which was sealed by you Dwg S01346/001, dated 3/11/2005).  I need a review 
performed for a heavy load to be transported across the bridge.  Is that something 
that you would perform, or was the bridge designed by Mabey in which case perhaps 
they would perform the review.  If you are the right person, I will forward some more 
information requesting a proposal from you.  If not you, could you provide the 
appropriate contact for this work?
 
Thanks,
Todd
 

From: Graham Wilkinson [mailto:grahamwilkinson@rogers.com]  
Sent: August 31, 2010 2:01 PM 
To: Smith, Todd 
Subject: RE: Contact for Graham Wilkinson

graham@algonquinbridge.com
 
Graham Wilkinson
 
ALGONQUIN BRIDGE INC.
Tel. 905-990-2911 Mississauga office
Fax 905-990-2944 Mississauga office
Cell. 416-666-3955
Email: graham@algonquinbridge.com
 
 

From: Smith, Todd [mailto:Todd.Smith@snclavalin.com]  
Sent: Tuesday, August 31, 2010 12:13 PM 
To: info@algonquinbridge.com 
Subject: Contact for Graham Wilkinson
 
Hi,
I am trying to contact Graham Wilkinson, could you please provide his e-mail 
address?
Thanks,
Todd Smith, P.Eng.
BAE-Newplan Group Ltd.
1133 Topsail Road
Mount Pearl, NL
A1N 5G2
709-368-0118
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1. TERMS OF REFERENCE 

BAE Newplan Group Limited a company owned by SNC-LA V AL!N INC requests the professional 
services of Roche Ltd Consulting Engineers for carry out a feasibility study regarding the passage of 
a trailer truck carrying a 250 metric ton transfom1cr on the Kenamu River Bridge located at KM 
62.75 on Route 500 in the province ofNL. Roche was awarded his mandate under contract 723469 
dated October the 6'" 2010. More specifically, we have to answer two questions: 

1) Can the bridge support safely one (1) passage of the trailer truck with the 250 metric tons 
transformer ? 

2) If not what should be the payload limitation ? 

The study is undertaken under the supervision ofMr Fran9ois Jutras, P Eng licensed in the Province 
of Newfoundland and Labrador. Roche was the finn who designed the bridge in 2009. 

2. METHODOLOGY 

A design parameter document was first prepared by Roche in order to clearly identify what are the 
guidelines of the study and to ascertain that our client w1derstand what are the safety factor related to 
the analysis. 

The study was therefore carried out using the following parameters : 

>- Truck will be running on the center of bridge roadway width. Curbs or lines will limit the 
corridor; 

>- Speed limit : MAX 10 krnlh 
>- Truck configuration : illustrated in appendix 
> Number of passage : 1 
>- Impact allowance : I 0% according to S6-06 Chapter 14 
>- Loads and analysis : As per S6-06 Chapter 14 Pem1it PC 
>- Field supervision to be provided by the client during the passage on the bridge 
>- If bridge is unable to resist the passage, evaluate the max payload that could be allowed. 
>- Each trailer axle to carry the same load 
>- Trailer weight : 48000 kg 
>- t;tD: 1.09 ( Dl) l.JS ( D2) 1.45 ( D3) 
> <:tL : 1.28 

From thereon , we use the structural model we made when we designed the bridge and the 
launching procedure. The commercial software used for modeling is ADA from Graytec Ltd . 
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3. BRIDGE DESCRIPTION 

We enclosed) in the appendix, a view of the entire bridge which essentially is a 81 m single span 
spatial steel structure made of two 4.3m tall pony-warren trusses supporting tranfer beams at 
panel nodes upon which are connected 4 main stringers supporting cross- beams and a steel 
grating. This is a two-lane bridge with a roadway width of 8 m. The bridge is all galvanized. We 
point out below the different parts of the bridge and how the loads transfer to the main trusses. 

4. ANALYSIS 

We studied one situation which is the trailer truck rurming in the centerline of the bridge. From 
our analysis , we found out that the bridge is far from having the capacity to support the passage 
of the trailer truck without temporary reinforcement over several part of bridge. We have enclosed 
in the appendix the brief notes resuming some of tire calculations and investigations. For clarity 
purpose and as we found it irrelevant, we have not included all the output, code checks and results 
from our computer analysis of the main trusses. Here is a short summary of the overall study: 

Truck on centreline 

>- Cross Frames : no reinforcement 
>- Main Stringers : no reinforcement 
> Transfer Beams : reinforcement required 
> Stability frames : reinforcement required for the horizontal section 
> Main trusses : almost every member should be reinforced 

A table showing the actual capacity of the different part of the bridge is included in appendix as 
the first page of the brief notes 

5.0 CONCLUSIONS 

The bridge crossing the Kenamu River Bridge cannot withstand the passage of a trailer truck 
carrying a transformer weighting 250 metric tons without major reinforcement even when 
running through the centerline. The main trusses arc the most affected and governs the allowable 
capacity. We have to limit the weight of the payload (transfonner) to 130 metric tons. 
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>- BRIEF NOTES 
>- BRIDGE ELEVATION 
>- TRUCK CONFIGURATION 
>- SUPERSTRUCTURE ELEMENT IDENTIFICATION 
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APPENDIX D 

MUSKRAT FALLS ACCESS ROAD 

DRAWINGS
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APPENDIX E 

MUSKRAT FALLS ACCESS ROAD 

ROUTE QUANTITIES AND ESTIMATES
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