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CHAPTER 1  INTRODUCTION 
 
 
1.1 General 
CBCL Limited (CBCL) was engaged by Prince Edward Island Department of Transportation and 
Infrastructure Renewal (PEITIR) to conduct a structural evaluation of the Hillsborough Bridge.   
 
The principal objectives of the bridge review were to: 
1. Conduct a desktop study of previous engineering reports, drawings, condition surveys, and material 

test data for the structure. This information includes an evaluation completed by CBCL in 1994, a 
1997 steel coupon test report by Geoconn Atlantic, and a 2012 Ontario Structures Inspection 
Manual (OSIM) Inspection performed for PEITIR. 

2. Conduct a condition survey of the bridge to verify criteria required for evaluation. 
3. Carry out necessary structural evaluations to determine the structural capacity of the bridge in 

accordance with Section 14 of CAN/CSA-S6-06, the Canadian Highway Bridge Design Code (CHBDC). 
4. Identify members overstressed by both existing and proposed conditions (Case A, B, and C) and 

provide a load posting, if necessary. 
 
The evaluation considers three conditions, hereafter described as Case A, Case B, or Case C: 
 

 

 
 

Case A – The bridge in its existing state: Four lanes with sidewalks on each side. 
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Case B – A proposed condition whereby the sidewalk is removed from the west side such that 
an active transportation trail is located on the east side and the four traffic lanes will be 
shifted to the west. Further, a sewerage force main will be supported from lower members of 
the box truss (not depicted below). 

Photo 1.1: Bridge Site before 1905 

Case C – A proposed condition whereby active transportation trails are added to both sides of 
the bridge. Two different interior barriers (both shown) were considered for this case, 
Concrete (F-shaped PL-3 Concrete Parapet), and steel (modified 4 rail standard PL-2 New 
Brunswick Barrier). A sewerage force main will be supported from lower members of the box 
truss in this scenario as well. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
1.2 History 
The first Hillsborough Bridge was constructed circa 1905 (Photo 1.1) to replace a seasonal ferry service 
between Charlottetown and Mutch’s Point (present day Stratford). The bridge was assembled of spans 
previously in service in New Brunswick. Due to increased 
load demands in NB, the bridge was disassembled and 
barged to PEI. The total length of the bridge was 
approximately 770 m between abutments with approach 
fills of 400 m on the Charlottetown side and 150 m at 
Mulch’s Point. Twelve masonry piers supported spans up 
to 65 m each. The through truss structure carried a single 
lane/railway track and had a swing span in the navigation 
channel to allow ships to pass up the Hillsborough River 
(Photo 1.2). 
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Photo 1.4:  Erection of Box Girders during 
Bridge Widening 

As part of the development of the Trans-Canada Highway 
network, a new bridge opened in 1962 with two travel 
lanes. The new bridge was a 3-span continuous steel box 
truss 7.3 m deep and approximately 247 m in length. Two 
approach spans were located on either side of the truss and 
were approximately 11.5 m each for a total structure length 
of 270 m (Photo 1.3). The structural steel arched truss is 
still in service today.  
 
In 1996 the bridge was widened to accommodate four lanes 
as a part of the “Hillsborough River Bridge Improvement 
Project” (Bridge Widening). This was achieved by adding 
two variable depth trapezoidal steel box girders to each 
side of the existing truss (Photo 1.4).  The new box girders 
were supported by widened piers and abutments. At the 
time of the bridge widening, an evaluation was also 
performed identifying several truss members to be 
strengthened during the bridge widening.  The 
widening/rehabilitation also upgraded the highway loading 
from the PEI “B” Train to the CS600 which was current to 
the CAN/CSA S6-88, Canadian Highway Bridge Design Code 
(CHBDC). 
 
 
1.3 Scope of Work 
 
1.3.1 Desktop Study 
The primary sources of information for the desktop study 
were: 
1. Information filed at the PEITIR offices. 
2. Project files associated with CBCL’s role in the 1996 

widening of the Hillsborough Bridge. 
 

1.3.2 Field Work/Condition Survey 
1.3.2.1 SUPERSTRUCTURE 
The scope of superstructure field work included: 
1. Visual observations of the structural condition of 

members and connections; 
2. Recording section loss of various members ; 
3. A limited dimensional inspection to verify existing information (from record drawings and inspection 

reports) and establish principal member sizes; 
4. A “walk-through” of the Trapezoidal Box to identify obvious variations from the design drawings,  as 

well as  any section loss; and 
5. A photographic survey to record representative conditions. 

Photo 1.2:  Old Hillsborough Bridge 1907 

Photo 1.3:  Hillsborough Bridge before 
1996 Upgrades 
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1.3.2.2 SUBSTRUCTURE  
The scope of the substructure field work included: 
1. A visual observations of structural condition from the access platform; 
2. A photographic survey to record representative conditions; and 
3. A dive inspection of the piers performed by Diversified Divers Incorporated and Harbourside 

Engineering Consultants and provided to CBCL by PEITIR. 
 
Access to the truss was via the access platform supported by the lateral bracing at the bottom chords.  
“Hands-on” access to the vertical truss members was achieved by walking on the bottom chords while 
supported by fall arrest harness and lanyards as planned and supervised by safety consultant SEM 
Partnerships. 
 
Access to the trapezoidal boxes was achieved by ladder through the underside access hatches on each 
end of the bridge. Inspectors followed confined space entry procedures and were equipped with gas 
monitors. A rescue plan was developed and supervised by safety consultant SEM Partnerships. 
 
1.3.3 Structural Analysis/Evaluation 
The scope of the structural analysis/evaluation work included: 
1. Create a finite element model to represent the bridge superstructure for Case A, Case B, and Case C; 
2. Develop the loads associated with Case A, Case B, and Case C; 
3. Design evaluation criteria to all members in the superstructure; 
4. Determine the capacity of each member in Case A, Case B, and Case C in accordance with the 2006 

CHBDC; and 
5. Provide a summary of overstressed members in Case A, Case B, and Case C. 
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CHAPTER 2  DESKTOP STUDY 
 
 
2.1 Existing Documentation 
CBCL has been involved in numerous projects involving the Hillsborough Bridge, most notably the Bridge 
Widening. Records of the bridge design and construction were reviewed at CBCL offices, including an 
evaluation of the box truss structure that was prepared for the Bridge Widening using a grillage 
methodology.  This evaluation was useful in validating the result of the finite element model developed 
for this project.  Steel coupon testing was also contained with the information in CBCL files and is 
discussed further in Section 2.3.1. 
 
PEITIR have an extensive collection of documents and correspondence from the Bridge Widening 
project. Most importantly are documents regarding the GEWI pile installation in the piers.  During 
construction the contractor encountered conditions that required changes to the pile design resulting in 
a reduction in piles. This information was useful in determining the as-built conditions. 
 
 
2.2 Maintenance and Inspection History 
Documentation regarding the maintenance history on the Hillsborough Bridge was not readily available; 
however, CBCL understands that the bridge had a fairly regular painting program until the late 1980’s.  
This is exhibited by the very good condition of most of the original truss members. At the time of the 
Bridge Widening new truss plates and reinforcing members appear to have been painted; however, no 
documentation was discovered through the desktop study to confirm this. Documented 
maintenance/repairs are outlined below: 
• 1962 – Construction of new truss bridge; 
• 1978 – Bearing replacement; and 
• 1996 – Hillsborough River Bridge Improvement Project widening the bridge by adding two variable 

depth box girders and strengthening the existing truss. 
 
In 2008 PEITIR initiated a biennial inspection program based on the Ontario Structures Inspection 
Manual (OSIM) procedures. It is believed that an OSIM based inspection has been performed every two 
years since, with the latest being carried out in 2012. 
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2.3 Materials 
 
2.3.1 Steel 
Around the time of the bridge widening, 14 steel coupons were taken from the box truss and submitted 
to Geocon Atlantic (now SNC Lavalin). The sample results are summarized in Table 2.1. 
 

Table 2.1: Samples Submitted to Geocon Atlantic for Evaluation Prior to the Bridge Widening 

 
The general notes on Drawing S1, “Fieldwork to Existing Jacking Girders at Piers 1 & 4” dated January 23, 
1970 state that original steel is ASTM A7 with an Fy = 33ksi (227 MPa). It is unclear as to whether this 
applies to all members or simply the gusset plates shown on that particular drawing. 
 
In accordance with CHBDC Section 14, in lieu of original construction documents, strength of materials 
not showing signs of deterioration are determined based on test samples, date of construction or an 
approved method. As such, steel strengths were assumed based on the following hierarchy: 
1. Results based on coupon specimen “equivalent” yield strength evaluated in accordance with Section 

A14.1.1 of the CHBDC. This applies to the channels, cover plates and WF sections whose strengths 
are summarized in Table 2.2. Note that ultimate strengths for these members were not tested and 
were assigned based on the construction documents. 

2. Steel Grade based on construction documents: 
a. All sections of original construction (other than those described above) will be assumed to be 

ASTM A7 steel (Fy = 230MPa, Fu = 410MPa), from the aforementioned Drawing S1. 
b. Truss reinforcing shall be CAN/CSA – G40.21 M92, Grade 300W based on Drawing 25 of the 

Hillsborough River Bridge Improvement Project, “Existing Truss Reinforcing Elevation and 
Details”. 

Sample # Member Type Element 
Yield Strength, KSI 

[MPa] 
Equivalent Carbon 

Content, CE (%) 
1 Diagonal Cover Plate 45.11 [304.1] 0.271 
2 " " 44.63 [307.7] 0.271 
3 " " 40.70 [280.6] 0.266 
4 " " 41.86 [288.6] 0.265 
5 Vertical Post WF 50.13 [ 345.7] 0.438 
6 " " 49.39 [340.5] 0.470 

15 " " 50.19 [346.1] 0.470 
16 " " 48.32 [333.2] 0.414 
7 Bottom Chord Channel 41.52 [286.3] 0.422 
8 " " 37.80 [260.6] 0.335 

12 " " 39.99 [275.7] 0.356 
13 " “" 37.72 [260.1] 0.325 
9 Diagonal Cover Plate 41.16 [283.8] 0.263 

10 " " 42.01 [289.7] 0.262 
11 " " 40.08 [276.4] 0.264 
14 " " 41.04 [283.0] 0.265 
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c. Box girders shall be comprised of G40.21M – 350AT Category 1 based on Drawing 13 of the 
Hillsborough River Bridge Improvement Project, “Box Girder Plan Layouts”. 

 
Table 2.2: Summary of Calculated Yield Strengths in Accordance with A14.1.1 of the CHBDC 

 
As the truss members were built up sections, effective yield strength was determined based on a 
weighted average of the member’s composition. This also accounts for the new plates and threadbars 
used to reinforce the truss during the bridge widening. Yield strengths of the members are presented in 
Appendix B.  
 
2.3.2 Concrete Deck 
The concrete deck was completely replaced during the Bridge Widening. From the construction 
drawings a 28 day compressive concrete strength of 45MPa is utilized although cylinder tests reported 
values of 55MPa. Steel reinforcing is as detailed on the drawings and has a yield strength of 400MPa.  
The unit weight of reinforced concrete as per Table 3.3 of the CHBDC is 24 kN/m3. 
 
2.3.3 Ashpalt Surfacing 
The thickness of asphalt was not measured during the condition assessment but a nominal thickness of 
90 mm was assumed based on Clause 14.8.2.1 of the CHBDC. A unit weight of 23.5 kN/m3 was applied 
based on Table 3.3 of the CHBDC. 
 
 
2.4 Record Information 
Record drawings for the Hillsborough River Bridge Improvement Project were not developed following 
construction and were prepared concurrently with this evaluation. Sketches and supporting 
documentation of discrepancies between the construction drawings and the as found conditions are 
included in Appendix A. 
 
2.4.1 Superstructure 
Discrepancies between the construction drawings and the as found condition are summarized below but 
are not considered to be critical to the superstructure evaluation.   
• Cast in place deck over box girder was replaced with precast panels; 
• Temporary tie beams at diaphragms over abutment and pier were left in place; and 
• Struts were added to inside of box girders. 

Element Mean 
Standard 
Deviation 

Coefficient of 
Variation 

Ks, 
From Table 

A14.1.1 [ # of 
samples] 

Yield 
Strength 

(MPa) 

WF Shapes 341.4 6.0 .018 2.34 [4] 297 
Cover Plates 289.2 11.2 .039 1.45 [8] 243 

Channels 270.7 12.7 .047 2.34 [4] 211 
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2.4.2 Substructure 
The bridge substructure involved four piers sequentially numbered from north (Charlottetown side) to 
south (Stratford side). Discrepancies between the construction drawings and the as found conditions are 
summarized below: 
• Slight dimensional changes to Pier #2; 
• Additional reinforcing and revised stress pockets to Pier #3; 
• Revisions to the abutment base; and 
• Modifications to the Gewi pile system. 
 
The modifications to the Gewi pile system is the only discrepancy considered relevant from an 
evaluation perspective. During drilling of the pile shafts on Pier #2, large inflows of water at most shaft 
locations was experienced. A two-stage grouting process was undertaken to ensure the water did not 
adversely impact the quality of the grout around the Gewi pile. This entailed drilling and grouting the full 
length of shaft, re-drilling the shaft, installing the Gewi pile and re-grouting the pile itself. The original 
construction drawings assumed a single drilling, pile installation and grouting. 
 
Further, at Pier #3 the lack of adequate cement in the existing caisson resulted in the upper regions of a 
drilled hole breaking away, sloughing down on top of the drill bit. It was concluded that as a result of 
high sand content that the grout was not able to penetrate the surrounding body of the concrete 
caisson. It was determined that the piles could only be installed by casing the hole with a heavy walled 
pipe sleeve. A drill rig capable of installing a casing compatible with a #20 Gewi pile could not be 
mobilized; therefore a high grade #18 Gewi pile system was substituted.   
 
When substituting the smaller Gewi pile, the depth of embedment was increased to compensate for the 
decreased drilled shaft diameter into the rock, such that the rock-grout bond strength exceeded the 
capacity of the Gewi pile. Load tests carried out on selected piles in each pier caisson established a 
working pile capacity at 800 kN per pile. These pile capacities were higher than what the construction 
drawings were based on, therefore in the final condition the total number of piles was reduced from 16 
to 14 in Pier #2 and 32 to 24 in Pier #3. 
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CHAPTER 3  CONDITION ASSESSMENT 
 
 
3.1 General 
CBCL’s condition assessment was performed from June 2 to 6, 2014. The intent of the assessment 
was to confirm the findings of the 2012 OSIM inspection. 
 
CBCL‘s findings are in general agreement with the condition assessment report produced by the OSIM 
bridge inspection for PEITIR in 2012, which is comprehensive, accurate, and valid in its detail. 
 
 
3.2 Nomenclature 
Truss node and member numbers are adopted from the original truss drawings (1959) and are 
graphically presented in Figure 3.1. Numbering of abutment, piers, trusses and members are 
labelled from north to south with north being the Charlottetown side and south being the Stratford 
side. Further, in keeping with the convention of the OSIM inspection, references to left and right are 
to be interpreted while standing with one’s back to the Charlottetown Abutment (i.e., left = east, 
right = west).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.1: Member Groups for the Existing Truss 
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Photo 3.1:  Typical Corrosion at 
Channel/Web Plate Edge 

Photo 3.3:  Corroded Anchorage of Post 
Tensioned Reinforcing at L37 Right. 

3.3 Superstructure 
 
3.3.1 Truss System 
In general, for the age of the structure, the truss is in very 
good condition. There are areas of localized corrosion that are 
outlined below.  
 
3.3.1.1 BOTTOM CHORDS 
The bottom chords are typically 18” deep back to back 
channels. The channels are built up in several different 
configurations and are presented in Appendix B.  Further, 
several bottom chords are reinforced by cover plates as well as 
the addition of pre-stressed Gewi-bars. 
 
Locations with web plates typically exhibited corrosion at the exposed 
interface of the channel webs and web plates (Photo 3.1). This amount 
of section loss is not considered to be critical in determining the 
member capacity. 
 
The top flange from L39 to L37 (Photo 3.2) on the right truss was 
severely corroded and was found to have approximately 30% section 
loss on the top flanges and approximately 15% section loss in the webs.  
This section loss will be considered in the resistance calculations. At the 
same location the connection of the post tensioned ducts (L37) 
appeared to have corrosion in the welded connection (Photo 3.3).  
Access was limited to this connection, but a 15% loss in capacity will be 
assumed.  
 
Approximately 5% section loss was observed in the bottom chord at the 
bottom flange and web of L2-L3 left (Photo 3.4). This is a localized area 
and will be considered if deemed critical during the evaluation. 
 

Photo 3.2:  Severe 
Corrosion of Bottom 

Chords from L39-L37 Right 

Photo 3.4:  Corrosion of the Exterior Bottom 
Flange at Bottom Chord from L2-L3 Left 
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Photo 3.6:  Coupon Taken 
from Vertical at U37-L37 

Right 

3.3.1.2 VERTICALS 
The verticals were typically found to be the original members (14” deep 
wide flange columns).  Generally the verticals were found to be good 
condition. It should be noted that a “hands on” inspection was only 
performed on the lower two metres of the verticals.  
 
Vertical U16-L16 left exhibited approximately 5-10% section loss on the 
web and flanges (Photo 3.5) as did U8-L8 right. Other minor areas of 
corrosion were noted at U8-L8 left, U2-L2 left and U14-L14 right.  
 
A steel coupon appears to have been taken from U37-L37 right and the 
patch is exhibiting lighting corrosion less than 5% (Photo 3.6).  
 
3.3.1.3 DIAGONALS 
There are a number of different types of diagonals comprising wide 
flange shapes and back to back channels orientated vertically as well as 
horizontally. The back to back channel sections were also stabilized 
through a number of combinations of perforated plates, battens and 
lacing. Further, several reinforcements of the diagonals took place as part 
of the Bridge Widening. It should be noted that a “hands on” inspection 
was only performed on the lower 2 m of the diagonals. 
 
In general light corrosion was found throughout.  The coatings would 
typically be in poor condition, specifically on the new cover plates, where 
the patina of the weathering steel is preventing durability of the coating 
(Photo 3.7). The appearance of the member is much worse than the 
actual section loss. 
 
New intermediate diagonals were added at several locations.  From a 
distance coating flaking was observed and a section loss of 5% was 
assumed (Photo 3.7). 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 3.5:  Corrosion of Webs 
and Flanges of Vertical at U16-

L16 Left 

Photo 3.7:  Typical Flaking of Coating on 
Cover Plates 
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Photo 3.9:  Limited View of 
Top Chord from Access 

Platform 

Photo 3.10:  Medium 
Corrosion and Staining Near 

Cracks in Deck 

Diagonal U13-U14 left exhibited the worst corrosion at 
approximately 5% (see Photo 3.8). 
 
3.3.1.4 TOP CHORDS 
Typically the top chords are comprised of four angles 
combined with web plates, top plates and bottom perforated 
plates. The top chord was also reinforced during the Bridge 
Widening.   
 
From the truss catwalk a limited inspection of the top chords 
was performed (Photo 3.9). Light corrosion was observed 
throughout but there were no areas of section loss of note to 
be considered in the evaluation. This correlates well with the 2012 
OSIM inspection. 
 
3.3.1.5 FLOOR BEAMS AND STRINGERS 
From the truss catwalk a limited inspection of the floor beams and 
stringers was performed. Light corrosion was observed throughout but 
there were no areas of section loss of note to be considered in the 
evaluation.  
 
3.3.1.6 LATERAL BRACING SYSTEM 
The lateral bracing systems were observed to match the conditions 
reported in the 2012 OSIM Inspection. Detailed measurements of 
section loss were not collected as it was deemed not critical the live 
load evaluation. This is discussed further in Chapter 4. 
 
3.3.1.7 DECK 
From inside the box girders transverse cracking was noticed in the deck 
soffit throughout. There were many locations where the cracks had been 
injected with sealant. It is understood that this remediation occurred 
immediately after the deck construction during the Bridge Widening 
project. A detailed inspection of the deck top was not performed as the 
2012 OSIM Inspection reported it to be in good to excellent condition. 
 
3.3.2 Box Girder System 
The assessment of the steel box girders took place from inside the box. 
Light to medium corrosion was noticed throughout but was difficult to 
distinguish from the flaking patina of the AT steel (weathering steel). 
Areas of medium corrosion were often located near drains. Transverse 
cracks were noticed in the concrete deck which coincided with some 
medium corrosion and staining on the steel below (Photo 3.10). In 
general the girders are considered in good to excellent condition with no 
allowance for section loss being considered in the evaluation. 

Photo 3.8:  Corrosion on Diagonal U13-L14 
Left 
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Photo 3.11:  Apparent Bulge 
of MSE Wall at Stratford 

Abutment 

 
3.4 Substructure 
 
3.4.1 Abutments 
Each abutment is comprised of reinforced concrete pile cap supported on 
30 HP piles. The truss sits on a bearing seat directly on the pile cap while 
the two steel box girders are supported on reinforced concrete pedestals. 
The approach embankment is supported by a mechanically stabilized 
earth (MSE) retaining wall.  
 
In general the abutment appears to be in very good condition with light 
scaling and cracking throughout.   
 
It was noticed that the MSE wall on the Stratford side (Abutment 2) 
appears to be bulging outward at mid-height (Photo 3.11). CBCL 
understands that, outside of this study, the original wall manufacturer will 
be providing an assessment report to PEITIR regarding the movement 
noted in the abutments. 
 
3.4.2 Piers 
From the surface the piers appear in fair to good condition.  Somewhat 
conspicuous are the medium vertical cracks found underneath the box 
girders in the flared corbel portion of the pier (Photo 3.12). While the size 
of cracks does not indicate a strength issue, durability may be of concern 
in this heavily reinforced and post tensioned location.  
 
Beneath the surface, the piers are founded on steel sheet pile caissons 
supported by a series of piles as described in Section 2.4.2. The condition 
of the pier beneath water surface is discussed in the following chapter. 
 
3.4.3 Dive Inspection 
A dive inspection was conducted for PEITIR by Diversified Divers 
Incorporated and Harbourside Engineering Consultants. The report was 
provided to CBCL by PEITIR and is located in Appendix D.   
 
 
 
 

Photo 3.12:  Medium 
Vertical Cracks at Flared 

Corbel, Typical 
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CHAPTER 4  ANALYSIS 
 
 
4.1 General 
A structural analysis of the bridge superstructure was conducted in order to determine the existing 
capacity of the structure (Case A). Additionally, the structural impact of modifying the structure use 
through the addition of an active transportation trail and sewerage forcemain (Case B and Case C), 
as discussed in Section 1.1 of this report, was investigated.  
 
The analysis was conducted using the finite element analysis software package LUSAS Bridge, and 
accounts for the original trusses, the retrofitted adjacent box girders, and the intricate interactions 
between them. The state of computer modeling technology has advanced significantly over the 
preceding 20 years since the original structure was designed, and it was felt that the complex nature 
of this bridge benefits significantly from this more sophisticated investigation. A screenshot taken 
from LUSAS showing a cutaway of the Hillsborough Bridge is shown in Figure 4.1. 
 
Primary truss members were evaluated at the ultimate limit state, including the bottom and top 
chords, diagonals and verticals. Local checks were performed on the floor beams, stringers, and 
bottom chord bracing. The box girders were evaluated at the ultimate limit state for bending and 
shear. Interaction ratios were obtained for Case A, Case B and Case C for each of these members.  
 
This analysis has considered dead loads and live loads only. Provisions outlined in Section 14 of 
CAN/CSA-S6-06 CHBDC were strictly adhered to, providing updated load and resistance factors, 
among other recommendations. The structure was not assessed for wind loads, as discussed in 
Section 4.3.3. The effects of ice accretion in conjunction with maximum traffic loads were also not 
considered. 
 
 
4.2 Analysis Methods 
The structural analysis performed for this project, using beam and shell elements, was significantly 
more sophisticated than the original analysis, using a grillage approximation. Such a beam and shell 
model would not have been possible 20 years ago due to limitations in both the modelling user 
interface and computing power. The model was linear elastic, which was felt to be more than 
adequate for this structure. Three dimensional beam and shell elements with six degrees of freedom 
per node were utilized. Both beam and shell elements accounted for shear deformations. A 
summary of element types used is described below: 
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• Truss members – beams elements; 
• Trapezoidal box girder (web plates, bottom flange, diaphragm) – Shell elements; 
• Trapezoidal box girder (top flanges, bracing, T-stiffeners, web stiffeners) – Beam Elements; and 
• Reinforced concrete deck – Shell elements. 
 
In general, the concrete deck acts compositely with the truss and box girder through the presence of 
shear studs. However, notably over the six bays at each pier over the truss, shear connectors were 
not utilized between the slab and truss. To correctly model this, the nodal connection between the 
slab and truss was “broken” and replaced with 5 mm tall “beams” only capable of transferring 
vertical forces. This provided a more accurate load distribution near the piers. Additionally, the 
stiffness of the reinforced concrete deck elements in the negative moment zones over the piers was 
reduced such that it represented the rebar alone. This was done to correctly portray the cracked 
section properties.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As discussed in the CAN/CSA-S6-06 CHBDC commentary, at bridge spans exceeding 75 meters loads 
are dominated not by single heavy trucks, but by lanes of traffic consisting of a variety of vehicles. 
Thus for this bridge, the live load case was governed by lane loads, with an additional load provided 
by 80% of the CL-625 design truck. Lane loads were place in the spans which maximized load effects 
for individual members. Table 3.4 of CAN/CSA-S6-06 CHBDC dictates that the structure should be 
designed for a five design lanes. However, Section 14 allows for the structure to be evaluated for the 
actual number of driving lanes, thus four lanes were used for this evaluation.  
 
4.2.1 Trusses 
As previously discussed, truss elements were represented using 3D “thick” beam elements with six 
degrees of freedom per node. This allowed them to accurately portray axial forces, weak and strong 
axis shear, in and out of plane bending, as well as torsion. All truss elements were represented in 
the model, including the primary truss elements evaluated in the report, as well as all top chord 
bracing, cross bracing, and bottom chord bracing. These members are important for the model to 
resist torsional forces due to eccentric loading.  

Figure 4.1: Cutaway of Hillsborough Bridge LUSAS Finite Element Model 
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Most of the primary truss elements were constructed using built up members consisting of cut 
plates, perforated plates, batons, channels and angles. The cross section of each unique built up 
member was drawn using AutoCAD and imported into LUSAS’ “Arbitrary Section Property 
Calculator” for input into the model. For the properties used in the model, an effort was made to 
properly represent the gross area (Ag) of built up members by not including elements such as 
batons. Additional sections were also drawn and used to the determine section properties such as 
out of plane moment of inertia (Iy), torsion constant (J), and the warping constant (Cw). Similar 
members were grouped as specified in Figure 3.1. 
 
Two models were constructed, a “naked” model, consisting of the truss without the concrete deck, 
and a model with the partially composite bridge deck. The naked model was loaded with truss dead 
loads as well as the weight of the wet concrete slab. The partially composite model was loaded with 
superimposed dead loads, (asphalt surfacing at 90 mm thickness, bridge barriers and sidewalks), and 
live loads. 
 
4.2.2 Box Girders 
The box girder bottom flange, web plates, and diaphragms were modelled using 3-D shell elements 
capable of representing in-plane membrane axial and shear forces as well as out of plane shear and 
bending/twisting forces. Top flanges, web stiffeners, T-stiffeners, and bracing were modelled using 
3-D beam elements.  
 
As in the truss evaluation, load cases included both dead and live load forces in two different 
configurations, a “naked girder” model and a model with a fully composite deck. Naked girder loads 
were comprised of steel self-weight as well as the wet slab. The partially composite model was 
loaded with superimposed dead loads, (asphalt surfacing at 90 mm thickness, bridge barriers and 
sidewalks), and live loads.  
 
To determine usable structural forces from beam and shell models, rather than simply stresses, 
LUSAS contains a unique “slice tool”. The tool allows the user to cut through beams and shells for a 
given load case and integrates the stresses over the element areas while automatically accounting 
for differences in the stiffness of the materials. This allows for the output of three forces (strong axis 
shear, weak axis shear, and axial) and three bending moments (strong axis bending, weak axis 
bending, and torsion). A screenshot taken from LUSAS showing the slices considered for this 
evaluation is shown in Figure 4.2. 
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Figure 4.2: Screenshot of Slice Tool in LUSAS 
 
 
4.2.3 Deck System 
Over the box girders, the deck was considered longitudinally through the box girder resistance.  
Transverse moments and shears were considered not critical and, as such, were not included in the 
resistance checks. This decision was based on design experience with 250 mm thick deck slabs with 
comparable transverse spans and similar reinforcing.  
 
A separate model was used to determine the forces acting on the floor beams and stringers. Lane 
loads were not critical for these members as their spans were much shorter than the total truss 
spans.  Therefore, the CL-625 design truck, including dynamic load allowance, was used instead.  
 
 
4.3 Loadings 
 
4.3.1 Dead Loads 
For the truss, dead loads were comprised of the original members as shown on the As-Built 
Drawings as well the truss reinforcements that occurred during the Bridge Widening. The 
reinforcements, as detailed on the drawings, were confirmed in the field. 
 
Due to the large number of built up members, rivets, and connection/gusset plates, determination 
of an accurate steel self-weight (which accounts for a significant portion of the total truss load) was 
very difficult. Ultimately, “gravity” loads were applied to members, applied by LUSAS directly 
according to the cross sectional area of members and density of materials, which were scaled up to 
the match total bridge weight as ascertained from our desktop study.   
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Member self-weight for the box girders were much easier to calculate in comparison to the trusses, 
and were calculated through LUSAS’ gravity loads and some manual calculations. The results 
compared favorably with previous estimates prepared by CBCL during the initial bridge widening.  
 
4.3.2 Live Loads 
As discussed in Section 1.1, three cases were investigated. Case A considers the current existing 
bridge condition. Case B and Case C each considered the proposed rearrangement of the deck to 
accommodate active transportation corridor(s) while reconfiguring placement of traffic lanes. These 
cases also include the addition of a sewerage force main.  In an effort to reduce computational 
effort several assumptions were made: 
1. The most critical stresses in the box girders would occur while the live load lanes were placed at 

the extreme edge of the bridge.  
2. For all cases, the most critical stresses in the truss would occur by placing the truck within the 

specified lanes pushed towards one of the trusses. 
3. For spans of this length, the critical live load scenario is generally governed by the alternative 

loading of Clause 14.9.1.6 of the CHBDC. This utilizes 80% of the evaluation vehicle (with no 
dynamic load allowance) and a superimposed lane load. An 8 kN/m lane load is associated with 
a Class B highway and is what was used for the evaluation.  

4. Effects of wheels on the sidewalk (Clause 3.8.4.4) is not considered in the longitudinal effects of 
the box girders. Sidewalks loading was also not considered, as it was unlikely to occur coincident 
with maximum traffic loading (Clause 14.9.5.1). 

 
The highway class is determined in accordance with Table 1.1 of CAN/CSA-S6-06 CHBDC.  According 
to the 2013 bridge traffic counts, the AADT for the bridge is 32,609 vehicles with 9.45 percent 
trucks.  This equates to average daily traffic (ADT) per lane in the order of 8,152 and average daily 
truck traffic (ADTT) in the order of 770.  Based on ADT, the Hillsborough Bridge would be considered 
a Class A highway as ADT exceeds 4000. However, the truck traffic on the bridge falls into the range 
of 250-1000 vehicles per lane or a Class B Highway. Therefore for the purpose of determining truck 
loading frequency and intensity, the Class B highway loading of an 8 kN/m uniformly distributed lane 
load (UDLL), was utilized for this evaluation.   
 
4.3.3 Wind Loads 
There are no anecdotal records of the superstructure showing signs of distress during extreme wind 
events. Further, the addition of the box girders provides shielding and additional stiffness to the 
interior truss members that was not accounted for in the original design. Wind load is therefore not 
considered to govern the live load capacity of the bridge. 
 
 
4.4 Fatigue 
Fatigue evaluation of existing steel bridges that have outlived their design life is a difficult subject.  
 
Miner’s concept is generally accepted as one the best methods for evaluating cumulative fatigue 
damage under repeated loads. Fatigue evaluation can be conducted through the use of traffic 
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counts and applying Miner’s concept to the theoretically calculated stress ranges. In many cases this 
approach shows bridges to have exhausted their useful fatigue life. 
 
To begin, it would be difficult to plot a detailed stress history for this structure since it has already 
given 50+ years of service. Although current traffic volumes data exists, plotting accurate stress 
ranges over the entire life span of the structure would be speculative at best. 
 
The majority of connections on this structure are bolted or pinned, which generally perform much 
better than welded connections in terms of fatigue life. It should also be considered that there are 
no signs of cracking following an OSIM inspection in 2012 and the condition assessment associated 
with this evaluation.   
 
Research and field testing results suggest that in many cases, when a theoretical approach predicts 
only a few years of remaining fatigue life, the structure or detail/connection may not display fatigue 
cracking until many years after initial prediction. 
 
Considering these points, a detailed evaluation to determine the remaining fatigue life of the 
structure has not been undertaken. Through regular inspection, signs of fatigue crack initiation and 
propagation should be monitored.   
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CHAPTER 5  EVALUATION RESULTS 
 
 
5.1 General 
The results of the structural analysis were generally favorable. Most elements of the structure were 
found to be under their factored design stress, with interaction ratios of individual primary structural 
elements varying from 13% to 97% for Case A, 18% to 105% for Case B, and 13% to 103% for Case C. 
 
 
5.2 Reliability Index to Determine Dead and Live Load Factors 
Section 14 of the CAN/CSA-S6-06 CHBDC contains provisions for using a more refined probabilistic 
framework to define load and resistance factors based on a wide variety of factors including past bridge 
performance, the condition of members, the mode of failure, and the importance of the member in the 
overall behaviour of the structure. This is accomplished using the target reliability index, β. In general for 
a new structure, the target reliability is generally the same for all members. During a bridge evaluation, 
the engineer is able to set different values for each element. The target reliability index is determined by 
assigning a value, 1 – 3, for each of the following categories: 
• System Behavior (S1-S3) – The effect of the element’s failure on the entire structure;  
• Element Behavior (E1-E3) – Consideration for the element’s ductility; and 
• Inspection Level (INSP1-INSP3) – Consideration of the level of inspection on the element. 
 
Once the target reliability has been determined it is used to compute refined dead and live load factors, 
αD and αL. The target reliability is also used to modify the existing code material resistance factors, φ. A 
list of structure elements and their associated factors are presented with the evaluation results in 
Appendix C. 
 
 
5.3 Truss 
Classical truss theory states that all bolted connections are rotationally free and loads are carried 
exclusively through axial member forces; tension and compression. While predominantly true, trusses 
which span continuously over supports such as the Hillsborough Bridge are often subject to significant 
bending moments, particularly in the bottom chord at the piers. Bending moments are also present in 
top chords due to bending under dead and live loads spanning between the panel points. As such, the 
following scenarios were evaluated for each member: 
1. Maximum compression with associated moment; 
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2. Maximum tension with associated moment; and 
3. Maximum moment with associated axial force. 
 
These scenarios were investigated for Case A (existing) and Case B (AT trail one side only), and Case C 
(AT trail both sides, concrete and steel barriers) and are summarized in Table 5.1 and graphically 
displayed in Figure 5.1. Members with interactions at or exceeding their capacity (great than or equal to 
1) have been highlighted.  
 

Table 5.1: Truss Member Capacity Utilization for Case A, Case B and Case C 

Member 
Interaction (% of Capacity) 

Case A Case B 
Case C 

Concrete Bar. Steel Bar. 
BC1 0.9 0.94 0.89 0.89 
BC2 0.79 0.79 0.83 0.81 
BC3 0.79 0.80 0.83 0.81 
BC4 0.74 0.74 0.73 0.73 

BC5.1 0.84 0.87 0.89 0.87 
BC5.2 0.62 0.64 0.65 0.64 
BC6.1 0.64 0.66 0.67 0.66 
BC6.2 0.97 1.01 1.03 1.01 
BC7 0.72 0.72 0.72 0.71 
TC1 0.22 0.22 0.22 0.22 
TC2 0.61 0.67 0.65 0.64 
TC3 0.61 0.66 0.62 0.62 
TC4 0.64 0.67 0.64 0.64 
TC5 0.61 0.61 0.61 0.61 
TC6 0.68 0.69 0.68 0.68 
TC7 0.46 0.50 0.48 0.47 

Diag1 0.93 1.05 0.98 0.97 
Diag2 0.92 0.97 0.97 0.95 
Diag3 0.79 0.93 0.84 0.82 

Diag3.1 0.75 0.78 0.73 0.73 
Diag4 0.7 0.79 0.76 0.74 
Diag5 0.73 0.81 0.78 0.76 
Diag6 0.95 0.95 0.94 0.93 
Diag7 0.7 0.75 0.73 0.72 
Diag8 0.66 0.81 0.68 0.67 
Diag9 0.9 0.92 0.89 0.89 

Diag10 0.62 0.68 0.65 0.64 
Diag11 0.85 0.89 0.87 0.85 
Diag12 0.7 0.71 0.74 0.73 
Vert1 0.64 0.74 0.68 0.67 
Vert2 0.13 0.16 0.13 0.13 
Vert3 0.58 0.67 0.60 0.60 
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Figure 5.1: A Comparison of Truss Member Interactions between Case A, Case B, and Case C 
 
Member resistances were generally calculated at the location of least section for a group of members 
with a uniform cross section. The location of least section is based on section loss observed during the 
condition assessment.  
 
5.4 Box Girder 
The ULS bending moment and shear capacity of the steel box girders was evaluated at various critical 
sections and compared to the results obtained from the LUSAS model. Results are summarized for Case 
A and B in Table 5.2. Following is a list of critical sections that were evaluated and rationale behind the 
determination: 
1. At the abutment, considered to be the highest shear on the end span; 
2. At the middle of the end span, considered to be the highest positive moment on the end span;  
3. At field splice #3, using the thinner of adjacent sections, considered to be a critical combination of 

negative moment and shear on the end span; 
4. Over the pier, considered to be the highest negative moment; 



 

CBCL Limited 142613.00 Hillsborough Bridge Structural Review 23 

Figure 5.2: A Comparison of Box Girder Interactions 
      

 

5. At field splice #4, using the thinner of adjacent sections, considered to be a critical combination of 
negative moment and shear in the center span; and 

6. At the middle of the center span, considered to be the highest positive moment in the center span. 
 

Table 5.2: Utilization of Box Girder Capacity for Case A and Case B 

Station (m) Description 
Interaction (% of Capacity) 

% Increase 
Case A Case B 

0 At Abutment 0.43 0.47 4% 

30 Max. Moment, 
End Span 0.27 0.29 2% 

71.2 Neg. Moment, End 
Span – Splice 3 0.29 0.31 2% 

78.2 Neg. Moment at 
Pier 0.26 0.31 5% 

85.7 Neg. Moment Mid 
Span – Splice 4 0.25 0.30 5% 

123.6 Max. Moment Mid 
Span 0.17 0.19 2% 
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5.5 Local Checks 
Local strength checks were performed on the following members: 
• Floor beams and stringers, (under ULS truck loads with dynamic load allowances); 
• Cantilever deck overhang (under Case B); and 
• Bottom chord truss bracing, (Case A and Case B).  
 
The floor beams and stringers were not adequately evaluated in the global model due to the lane loads 
not being applicable for the small spans. A local model was constructed and these members were 
loaded using the CL-625 design truck without lane loads, and with appropriate dynamic load allowances. 
The results indicated that both of these members have adequate capacity. It seems likely that the 
original designers of the bridge, having no access to computer analysis software, used more traditional 
rational analysis methods to design these members. It was found that the forces acting on these 
members were much lower than capacity, and generally the loads were transferred to the truss panel 
points and primary top chords.  
 
The cantilevered deck overhang from the box girder was deemed important to evaluate particularly for 
Case B, as the truck line was able to move directly to the edge of the bridge where previously there was 
a sidewalk. The distance of the overhang was modest, at 1750 mm, and was more than adequately 
reinforced. The capacity of this element was adequate.  
 
Bottom chord truss bracing was comprised of two angles separated by baton plates, forming essentially 
a shallow 450 mm deep truss. The structural system was evaluated as a truss, with the 89 x 76 x 7.6 
angles forming the top and bottom chords and batons forming the diagonals. Case A involved the self-
weight of the truss elements as well as the maintenance walkway, and a small live load for maintenance 
workers. Case B was evaluated using all of these loads, plus the addition of the 600 mm diameter 
sewerage forcemain located at mid-span directly between the primary trusses. The braces were found 
to be adequate under Case A loads.  For Case B, the load on these elements was increased by nearly five 
times, and the bottom chord bracing failed in bending.   
 
5.6 Substructure 
 The report from the diving inspection indicated the piers and abutments are in generally good condition 
(refer to Appendix D for details); however, there were concrete delaminations and spalls identified on 
the top surface of the concrete base (inspection report refers to the concrete base as the transfer cap).  
The concrete base was part of the bridge widening and is anchored with several Gewi piles. Local 
punching shear design checks were performed for the Gewi piles and the results indicate the concrete 
strength has adequate capacity when compared to the factored design load of the Gewi pile. 
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CHAPTER 6  CONCLUSIONS AND RECOMMENDATIONS 
 
 
6.1 Evaluation Conclusions 
The deep sections of the box girders were designed to match the stiffness of the truss to reduce 
differential displacement under live loading. As a result the sections have considerable reserve capacity. 
Although the new bridge configurations are generally more detrimental to the box girders, the 
interaction ratio is only increased by 2-5% overall. Ultimately the box girders are structurally adequate, 
well detailed and are not a cause for concern regardless of the bridge configuration. 
 
The existing condition of the truss finds no members overstressed, however with interaction ratios at 
97%, they are very close. As it was found that section loss played very little role in the governing 
interactions, this overstress can mainly be attributed to two things: 
1. Increased truck loading from CS-600 (S6-88) to a CL625 (S6-00); and 
2. Decreased yield strength based on the evaluation of coupon tests in accordance with Section 14 of 

S6-06. 
 
Case B and Case C were found to be more detrimental to the truss elements than the boxes, although 
the response varied depending on the member being examined. Generally, Case C, utilizing a steel 
internal barrier, exhibited the lowest increase in load demand of the proposed options.  
 
 
6.2 Recommendations 
Under existing conditions the truss is nearly at the capacity, especially for bottom chord members at the 
pier locations and some diagonals. In service the truss is showing no signs of distress and, as such, it is 
the opinion of CBCL that the bridge does not require a load posting under Case A. The truss is in 
remarkably good condition considering its age. This can be attributed to a regular maintenance program 
early in its service life. It is recommended that a regular maintenance program (i.e. painting) be 
reinstated to preserve the condition of the structure. 
 
If it is decided to proceed with implementing an active transportation trail and supporting a force main 
with the truss, it is recommended that: 
1. The force main be suspended as close as possible to the bottom chord. The condition of the bottom 

lateral bracing is generally in poor condition and is required to transfer torsion from eccentric live 
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loading as well as resist lateral loads. To support the force main from these members would require 
a more detailed analysis. 

2. If the installation of active transportation trails is pursued, we recommend Case C with steel barriers 
to reduce the overall load demand on the truss. Strengthening should be considered for those 
members at or near capacity.  
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Summary 

 
This paper describes the widening, strengthening, and re-decking of the Hillsborough River Bridge in Charlottetown, 
PEI, from an original two lane configuration to accommodate four lanes of traffic and sidewalks on both sides of the 
bridge.  The paper describes the installation of two new steel box girders placed one on each side of the existing box 
truss structure, the deck replacement and the associated widening and strengthening of the existing pier and abutment 
substructures. 
 



Figure 1   

INTRODUCTION 

 

The first bridge across the Hillsborough River between 
Charlottetown and Mutch’s Point, the present day 
community of Stratford, was completed in 1905.  The single 
vehicle lane/railway track was carried on a series of steel 
“through-truss” structures supported on 12 masonry piers 
spanning up to 65 m per span; a swing span in the 
navigation channel allowed ships to pass up the 
Hillsborough River.  The total length of the bridge was 
approximately 770 m between abutments, with approach 
fills 400 m in length on the Charlottetown side and 150 m 
long at Mutch’s Point, extended from the river 
embankments (Figure 1). 
 
In the late fifties, the old bridge was replaced.  The existing 
causeways were extended along a new alignment toward the 
center navigation channel and connected by a new two lane 
bridge structure approximately 270 m in overall length.  The 
new two lane bridge and approach roads were completed in 
1961.  The new bridge consisted of a three span continuous 
steel box truss 7.3 m deep and 247.2 m in length between 
the abutment expansion joints, and two 11.6 m long 
approach spans, one at either end.  The total length of the 
new structure was 270.4 m. 
 

At the present time the bridge carries between 19,000 and 26,000 vehicle trips on a normal day.  During rush hours, 
traffic intensity increases to 1600 vehicle trips per hour in one direction, while at the peak of the tourist season, the daily 
vehicle trips carried by the bridge can exceed 30,000 vehicles. This volume of traffic is expected to continue to increase 
following the completion of the Confederation Bridge between New Brunswick and Prince Edward Island, which was 
opened in May of 1997.  Because of the importance of the Hillsborough Bridge as a major road connection it was 
imperative that the traffic route would be kept open during any replacement or widening of the structure. A preliminary 
design study to widen the existing structure from two lanes to three was carried out by CBCL Limited in 1992, however 
the scheme, which involved the replacement of the original cast-in-place deck with new precast concrete deck units and 
stay cable strengthening of the truss structure, was not implemented as a final design. 
 
 
CONCEPT 

 

In 1994, Hillsborough Bridge Development Inc., on behalf of the PEI Department of Transportation and Public Works, 
engaged CBCL Limited to develop a number of alternative schemes for widening or replacing the existing structure to 
provide for four lanes of traffic and to establish budget costs for each of the schemes investigated.  The three primary 
schemes reviewed were: 
 
1. Total replacement of the existing structure with a new four lane bridge on a new but parallel alignment adjacent to 

the existing structure. 
 
2. Construction of a new two lane bridge on new foundations adjacent to the existing structure, followed by 

replacement of the deteriorated concrete deck and refurbishment and strengthening of the existing box truss 
structure.  Several sub-schemes were developed for this scenario, including jacking the existing structure, sliding it  
laterally onto new bearings supported on widened and strengthened pier and abutment superstructures, on extended 
abutment and pier substructure foundations.  The two structures would therefore share the existing pier and 
abutment substructure foundations. 

 



3. Construction of two new single lane structures, one on each side of the existing box truss structure, on widened and 
strengthened pier and abutment structures, as per the previous scheme, but with the three structural elements 
integrated with a common concrete deck slab for the purposes of load sharing. 

 
The final scheme selected as being the least costly and also meeting all of the design requirements, namely uninterrupted 
two lane traffic flow at all times, and upgrading of the highway loading from the existing PEI “B” Train Loading to 
CS600 loading, was the placement of a steel box girder on either side of the existing box truss, with the three structural 
elements connected by a new but common reinforced concrete deck slab to accommodate the required four lanes of 
traffic.  The new and the existing structures would then also share the existing foundations which would be modified to 
accommodate the increase in width and dead weight of the structure as well as the increase in live loading (Figure 2). 
 
 

 

SUPERSTRUCTURE 

 
The new modified superstructure retains the existing 7.3 m deep, 78.2 m, 90.7 m, 78.2 m three span continuous box truss 
structure, suitably strengthened, but with the two 11.6 m approach spans eliminated and replaced with new abutment 
structures constructed immediately adjacent to the two 78.2 m side spans.  Two new variable depth steel box girders 
were placed, one on either side of the truss to carry the widened portions of the new deck and sidewalks.  Considerable 
care was taken in establishing the underside profile of the boxes to obtain an aesthetically pleasing form to complement 
the existing box truss structure.  It was also vital to maintain compatibility between the longitudinal profile of the new 
and strengthened portions of the structure whilst minimizing the additional weight of the new combined superstructure 
system. 

Figure 2 



The construction of the superstructure was planned to 
be carried out in three phases.  Following construction 
of the modified pier and abutment structures, the steel 
box girders were to be erected and a 250 mm deep 
composite concrete deck slab, 5.8 m wide, was to be 
cast-in-place on the girders.  Cast-in-place outside 
permanent barrier walls would be constructed, and a 
temporary asphalt wearing surface laid on the deck.  It 
was intended that traffic would then be re-routed from 
the old box truss structure onto the new box girder 
structures, enabling the design objective of maintaining 
traffic flow over the bridge without lane disruption or 
closure to be achieved.  Jersey barriers were placed on 
the inside of the deck to channelize the traffic flow and 
provide a temporary barrier for safety purposes (Figure 
3). 
 
During the second phase of construction it was planned 
that the old concrete deck on the box truss would be 
removed, the box truss strengthened and a new 
variable depth composite concrete deck slab, 7.8 m 
wide, would be cast-in-place on the box truss 
following strengthening.  During the third and final 
phase, it was planned that the 1.0 m wide longitudinal 
closure strips between the three previously cast 
concrete decks would be poured, temporary barriers 
removed, concrete sidewalks installed, and a new and 
final layer of asphalt would be placed on the now 
completed and continuous deck. 

 
The design of the steel box girders was carried out for two distinct loading conditions.  In the initial stage the composite 
concrete and steel box girders were required to carry a portion of the deck slab, the permanent barrier wall, the 
temporary concrete barrier and a single lane of traffic as a unique structural element.  Analysis of the box girders was 
carried out to determine deflection, moments and shears.  In the final stage, the box girders were integrated to work 
through the participation of the concrete deck slabs in conjunction with the box truss to carry the superimposed dead 
load due to asphalt and the upgraded CS600 traffic live loading. 
 
A grillage analysis was used to model the behaviour of the structure, in particular the distribution of loading between the 
truss and box girder structures, and to confirm the deflected behaviour of the structure at various stages of construction.  
The basic stiffness of the truss structure resulted in some shedding of the box girder lane loading and this, combined 
with the upgrade in live loading, required selective strengthening of the existing truss structure.  The sequence of the 
closure of the longitudinal joint between the new box girder bridge deck and the replaced bridge deck supported by the 
box truss, combined with the stiffness of the variable depth box girder structures, 5.0 m deep at the piers and 3.0 m deep 
at mid-span, was used to limit the transfer of live loading and minimize the truss strengthening required. 
 
In like manner, the existing steel box truss was re-analyzed for two load conditions; in the initial stage for the dead load 
due to self weight, and the new composite concrete deck slab, and in the final stage as an integrated unit with the two 
box girders for superimposed dead load and for the CS600 live loading. 
 
Truss strengthening was achieved by a combination of plating of the existing web and chord members, and by the 
introduction of additional bracing members to improve the slenderness ratio of certain compression elements.  Top 
chord compression strength was improved by the addition of shear studs to provide composite action with the new 
concrete deck.  It was planned that strengthening of the truss members would be carried out after the removal of the 
existing concrete deck slab, to take advantage of lower initial stress levels in the members prior to strengthening.  A 
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Dywidag bar arrangement was used to apply an active force, equal to the initial stress level in the truss structure in the 
unloaded condition, to reinforce the centre span region of the bottom chord of the truss.  The Dywidag arrangement was 
configured to act concentrically with the bottom chord member to avoid the introduction of secondary flexural stresses 
due to eccentricity of the applied load. 
 
In re-analyzing the truss member capacities, an allowance to account for the existing levels of corrosion in truss 
members was introduced.  A corrosion evaluation report had previously established a current upper bound value of 10% 
of material loss from the cross-sectional areas of members.  This 10% figure was used in calculating the residual 
capacity of members for the program of strengthening.  For the purposes of providing for future corrosion, an additional 
6% of material loss was taken into account. 
 
During construction a number of design changes were made to the original design to facilitate construction schedule 
improvements.  The composite cast-in-place deck slab on the box girders was replaced with 17 tonne, full depth (250 
mm) site precast concrete units 6.45 m long, 5.5 m wide, with 700 mm wide transverse joints arranged between adjacent 
precast  panels.  The panels were conventionally reinforced (no prestressing) and were cast using a nominal 45 MPa 
silica fume concrete; cylinder results indicated a minimum strength of 55 MPa at 28 days.  Ports were arranged within 
the precast panels to ensure composite girder-deck action.  The reinforcing was arranged and distributed within the 
precast units to facilitate reinforcement interlock and to avoid interference during deck placement between the 
longitudinal continuity reinforcement located in adjacent panels.  After all the precast units were in place over the full 
length of the box girders, the 700 mm transverse joint strips between the precast units and the shear stud ports were 
closed with the 45 MPa silica fume concrete.  The precast units were shimmed to a predetermined profile to reflect the 
final alignment of the integral box girder and box truss deck elevations and grouted through the shear stud ports with the 
same silica fume concrete. 
 
Truss strengthening of the bottom chords and the web members was also commenced for schedule reasons whilst the 
box truss structure was still in full operational use.  The strengthening details were therefore modified to accommodate 
the change in the residual stresses in the web members.  The Dywidag bar reinforcement of the bottom chord was 
installed but not tensioned until the box truss deck had been removed, illustrating the flexibility of the reinforcement 
strategy selected.  Similarly, a precast deck system over the box trusses to replace the cast-in-place deck system was 
considered to simplify working over water but was found to be uneconomic and therefore the original cast-in-place deck 
scheme was implemented.   
 
 
SUBSTRUCTURE/ABUTMENTS 
 

The original abutment foundations for the box truss were 
each carried on fourteen steel H-piles driven to refusal in 
fractured sandstone at an ultimate resistance of 150 tons per 
pile.  An additional sixteen HP310 x 132 kg/m steel piles 
were installed at each abutment to carry the increase in dead 
and live loads originating from the new box girder and deck 
structures.  A new concrete pile cap was designed to 
mobilize the additional piling and encapsulate the existing 
pile cap in order to redistribute the additional and existing 
loads as evenly as possible over the whole thirty pile group.  
The new pile cap was designed to encourage uniformity of 
deflection and settlement as the additional superstructure 
loads were applied. Two new concrete pilasters, each 2.6 m 
by 3.0 m wide, were installed on each side of the box truss 
to carry the new steel box girders.  The back of the pilasters 
were extended up to deck level to pick up new concrete 
approach slabs, expansion joints and wing walls.  This work 
was phased to accommodate the uninterrupted traffic flow 
design requirement (Figure 4). 
 

Figure 4 



The original approach spans at each abutment were eliminated from the new scheme; this was achieved by placing a 
mechanically stabilized earth wall structure immediately behind the extended pile cap system.  Installation of the M.S.E. 
wall system was phased to accommodate construction of the widened roadway approach fills and to allow the existing 
approach span, between the original and subsequently abandoned bank seat abutment and the box truss, to remain in 
place until traffic was re-routed onto the steel box girders.  Erection of the precast wall face elements was completed to 
the underside of the approach span in one operation (Figures 5 and 6).  Temporary partial height M.S.E. (expanded 
metal) walls were installed on either side of the box truss approach span to facilitate its subsequent removal without 
disrupting the integrity of the previously placed approach fills and impeding the traffic already re-routed to the flanking 
box girder structures. 
 

 
 
SUBSTRUCTURE/PIERS 

 
The two existing pier substructures are constructed of rectangular steel sheet pile single cell caissons, founded on the 
sandstone bedrock material.  The caissons are filled with a somewhat incompletely pressure grouted concrete at the free 
pier and a poorly consolidated tremie concrete at the fixed pier and are founded at an elevation up to 6.7 m below the 
low tide level.  A 2.4 m thick reinforced concrete transfer slab carries a 10.0 m high by 8.8 m wide by 3.4 m deep 
reinforced concrete pier shaft at the transfer slab elevation, tapering to 8.2 wide by 2.5 m deep at the truss bearings 
elevation. 
 
The fixed pier caisson is 14.0 m long by 10.1 m wide by 14.6 m deep and was reinforced at the time of construction, 
because of its poorly consolidated tremie concrete content, by ten 760 mm diameter piles and further stabilized with a 
rock berm on the four sides of the caisson.  The dimension from the underside of this caisson to the top of the pier shaft 
is 27.4 m.  The free pier caisson is slightly smaller in plan area, being 14.0 m long by 9.2 m wide and is 19.4 m deep.  
The dimension from the underside of this caisson to the top of the pier shaft is 32.0 m.  The top of both pier shafts is at 
an elevation 6.0 m above the low tide mark. 
 
The existing pier shafts were modified geometrically to accommodate the new steel box girder on each side of the 
existing truss structure, hence the shape of the new pier structure.  It was also imperative that the increase in size of the 
pier shafts be kept to a minimum dimension below the high tide mark in order to limit the increase in the ice forces 
acting on the piers and caissons.  These requirements were achieved by encapsulating the existing pier within an 
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enlarged pier shaft, 11.8 m long by 4.0 m wide, below the high tide mark.  Above the high tide level the ends of the new 
pier shaft were flared outwards to provide seating for the girder bearings.  The ends of the pier shaft were rounded to 
minimize ice loads on the shaft, and the rounded profile was extended up to blend into the flared area under the bearings,  
resulting in an aesthetically pleasing pier profile.  The bottom of the new encapsulating pier shaft was anchored to a new 
pier base slab cast on top of the existing transfer slab.  The new pier base also encapsulates the ends of the Gewi-Pile 
reinforcement which extends through the existing caissons into rock sockets drilled into the sandstone bedrock below.  
The pier shaft was circumferentially post-tensioned to resist tensile shrinkage splitting stresses created by the 
encapsulation of the existing pier shaft.  The enlarged pier flares were reinforced and vertically post-tensioned to 
counteract the tensile stresses created in the corbel required to support the new variable depth box girders at an elevation 
approximately 3.0 m higher than that of the existing box truss (Figure 7). 
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The corbel post-tensioning was supplemented by a pair of 275 mm 
diameter, 25 mm wall thickness pipe assemblies located sym-
metrically on either side of the box truss vertical bearing chord.  The 
pipe assemblies were provided with sufficient clearance so as not to 
impede movement of the box truss under varying temperature 
conditions at the free pier location and were embedded beyond the 
vertical post-tensioning anchors in the pier corbel concrete.  A snug 
tension was introduced into the pipe assemblies by tensioning 
abutting pipe flanges at a location coincident with the centre line of 
the box truss (Figures 8).   
 
Headroom and access limitations required that strengthening of the 
pier sub-structure caissons be achieved using the Dywidag Gewi-pile 
System.  Gewi–pile clusters consisting of 8 piles per cluster for the 
fixed pier and 4 piles per cluster for the free pier were installed in the 
four corner regions of the existing caissons to improve their axial 
load carrying capacity and overturning stability.  The Gewi-piles 
were bored through the pressure grouted caisson of the free pier and 
through the poorly consolidated tremie concrete of the fixed pier, 
with the piles being terminated 6.0 m below the underside of the 
caisson in the sandstone bedrock strata.  The rock socket dimensions 
facilitated the development of full Gewi-pile capacity under ultimate 
load conditions.  Each pile in the cluster consisted of a #20 Dywidag 
bar installed inside a 145 mm diameter hole and subsequently 
grouted over its entire length.  The top of the Gewi-piles were 
anchored into the new pier base cast over the top of the original 
transfer slabs.  Load tests carried out on selected piles in each pier 
caisson established the working pile capacity at 800 KN per pile.  
These pile capacities were higher than was originally calculated from 
the preliminary and previously established bedrock data.  The 
original design had envisioned a requirement for a greater number of 
Gewi-piles to reinforce the load transfer capacity of the caissons at 
the caisson/bedrock interface.  However, as data from the pile boring 
logs became available, confirming the condition of the pressure 
grouted and tremie placed concrete within the caissons and also the 
results of the pile pull-out tests, it proved possible to reduce the 
number of Gewi-piles required to be installed to meet the loading 
requirements. In the final condition, a total of 14 piles were 
successfully installed in the free pier caisson and a total of 24 piles 
were successfully installed in the fixed pier caisson. 
 

 
CONSTRUCTION CHALLENGES 
 
The bridge is located at the tip of two causeways that were constructed as part of an earlier crossing project. Access to 
the bridge abutments was limited to use of the existing causeway road surface; the traffic management plan therefore 
had to recognize the limitations in how this access could be used.  The bridge itself is located in the tidal region of the 
Hillsborough River and the causeway constriction causes water to flow through the narrows with a speed greater than 
2m/s, which limits access by water to slack tide conditions (one hour every six).  
 
Due to the very deep water (30m+) the design concentrated on the objective of performing strengthening and increasing 
foundation capacity by working through and within the confines of the existing pier substructures.  A scheme to mount a 
cofferdam on top of the existing pier and to drill strengthening Gewi-piles within the pier substructure plan dimensions 
into the bedrock below therefore required significant planning.  The fast flowing currents, the tidal conditions and 
occasional violent storms imposed a severe operational environment on the cofferdam structures as well as considerably 
impeding barge positioning during girder erection. 

Figure 8 



 
The need to erect large and heavy girder components around the 
bridge was further hampered by the fact that the clearance under the 
existing bridge is only 4 m at high tide. As marine erection was the 
only means available, selection of a specialty crane (a 300t modified 
Lima) mounted on a barge proved to be the best solution.  By fully 
ballasting the barge the crane was passed under the bridge at low tide 
with only 450 mm of clearance remaining (Figure 9). 
 
The increase in traffic that led to the decision to improve and widen 
the structure also posed perhaps the greatest construction challenge.  
As observed in the introduction, traffic volumes of up to 26,000 
vehicles per day routinely utilize the Hillsborough River Bridge to 
cross between Charlottetown and Stratford.  Alternate routes to cross 
the river involve a 46km detour on secondary roads.  With this in 
mind, phasing of the work was devised to keep the bridge in operation 
throughout the construction period.  Work was therefore strictly 
limited during peak morning and evening traffic flow periods, and 
reduction of the structure to a single lane was only allowed between 
11:00 p.m. and 7:00 a.m. each day. 
 
In planning to rehabilitate and improve an older structure such as the 
Hillsborough box truss, as much information as possible pertaining to 
the original construction, as well as a current condition survey had to 
be gathered at the outset.  Notwithstanding this, continual assessment 
of existing conditions had to occur on an ongoing basis throughout the 
work. 

 
The project, being a Public Private Partnership initiative was construction focussed, which allowed for a team approach 
between the Contractor and Consultant.  This cooperation was vital to quickly assess new information concerning 
existing conditions as soon as it became available, in order that the impact on construction, in the form of additional 
work or delays, would be minimized. This working relationship also permitted the development of alternative 
approaches throughout the construction process, which allowed schemes jointly devised by the design and construction 
team to be implemented, and enabled the benefits derived, in the form of cost savings or schedule improvements to be 
realized.  This cooperative approach also enabled the inevitable problems encountered during construction to be speedily 
addressed and resolved. 
 
The bridge improvement scheme was estimated, at the time of sub-trade tender, to amount to $12 million for the bridge 
superstructure and substructure works alone. 
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APPENDIX B 

Truss Member Summaries and Yield 
Strengths 
 



Old Plate 242.9 MPa

New Plate 300 MPa

Channel 210.5 MPa

Threadbar 413.7 MPa

Old Plate New Plate Channel/Angle Threadbar Total Yield

BC1 0 0 16291 2581 18872 238.3

BC2 8445 0 22100 5162 35707 247.5

BC3 14224 0 22100 5162 41486 246.9

BC4 8445 0 19776 5162 33383 250.1

BC5.1 7550 4100 24738 0 36388 227.3

BC5.2 7550 20500 24738 0 52788 249.9

BC6.1 7550 20500 26072 0 54122 248.9

BC6.2 7550 0 26072 0 33622 217.8

BC7 0 0 22100 2581 24681 231.7

TC1 25560 0 7416 32976 235.6

TC2 22195 0 8560 30755 233.9

TC3 27293 0 7416 34709 236.0

TC4 20420 0 7416 27836 234.3

TC5 42404 0 7416 49820 238.1

TC6 17550 13500 7416 38466 256.7

TC7 25467 7940 7416 40823 248.1

Diag1 3773 3773 12900 20446 233.0

Diag2 - - - - - 297.0

Diag3 - - - - - 297.0

Diag3.1 - - - - - 297.0

Diag4 - - - - - 297.0

Diag5 8624 10250 15218 34092 245.6

Diag6 10668 4100 17454 32222 232.6

Diag7 17024 20500 16292 53816 254.8

Diag8 15882 20500 16292 52674 255.1

Diag9 8382 4920 17454 30756 233.6

Diag10 7588 10250 15218 33056 245.7

Diag11 - - - - - 297.0

Diag12 - - - - - 297.0

Vert1 - - - - - 297.0

Vert2 - - - - - 297.0

Vert3 - - - - - 297.0

Cross Sectional Areas (mm2)
Member

Original 

Steel Yield 

Strengths
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APPENDIX C 

Truss Members Resistance Summary   



Date: 23-Dec-14

Prepared by: CBCL Limited

Member Label Member Location Member Description 1 2 3 1 2 3

Top Chord 1 U0-U1 Built up member with cover plate on top and perforated plate on bottom 0.08 0.36 0.37 0.08 0.39 0.39

Top Chord 2 U1-U3 Built up member with cover plate on top and perforated plate on bottom 0.74 0.42 0.74 0.83 0.38 0.82

Top Chord 3 U3-U5, U5-U7 Built up member with cover plate on top and perforated plate on bottom 0.65 0.52 0.68 0.71 0.53 0.73

Top Chord 4 U7-U9, U15-U17 Built up member with cover plate on top and perforated plate on bottom 0.50 0.24 0.60 0.54 0.25 0.63

Top Chord 5 U9-U11, U13-U15 Built-up member with coverplate on top and perforated plate on bottom 0.37 0.50 0.70 0.37 0.53 0.75

Top Chord 6 U11-U13 Built-up member with coverplate on top and perforated plate on bottom 0.43 0.56 0.53 0.43 0.59 0.55

Top Chord 7 U17-U19 Built-up member with coverplate on top and perforated plate on bottom 0.45 0.35 0.46 0.50 0.35 0.50

BC1A L0-L2 Back to back channels with tie plates (battens) on top and bottom with threadbar 0.86 0.89 1.00 0.87 0.97 1.06

BC1B L8-L9 Back to back channels with lacing on top and bottom with threadbar 0.53 0.57 0.60 0.56 0.62 0.64

BC1C L9-L10 & L14-L16 Back to back channels with lacing on top and bottom 0.53 0.56 0.57 0.58 0.59 0.59

Bottom Chord 2 L2-L4 Back to back channels with tie plates (battens) on top and bottom and threadbar 0.87 0.87 0.88 0.93 0.89 0.95

Bottom Chord 3 L4-L6 Back to back channels with tie plates (battens) on top and bottom and threadbar 0.85 0.84 0.89 0.92 0.91 0.95

Bottom Chord 4 L6-L8, L18-L19 Back to back channels with tie plates (battens) on top and bottom and threadbar 0.56 0.82 0.82 0.60 0.89 0.88

Bottom Chord 5.1 L10-L11 Back to back channels with coverplate on top and perforated plate on bottom 0.75 0.77 0.78 0.81 0.81 0.84

Bottom Chord 5.2 L11-L12 Back to back channels with coverplate on top and bottom 0.49 0.59 0.61 0.60 0.58 0.66

Bottom Chord 6.1 L12-L13 Back to back channels with coverplate on top and bottom 0.56 0.63 0.66 0.62 0.67 0.72

Bottom Chord 6.2 L13-L14 Back to back channels with perforated plate on top and bottom 0.96 0.95 0.97 1.05 1.01 1.03

Bottom Chord 7 L16-L18 Back to back channels with lacing on top and lacing on bottom and threadbar 0.62 0.64 0.67 0.65 0.67 0.71

Diagonal 1 L0-U1 Back to back channels with cover plate and perforated plate 1.03 1.10 1.14 1.21 0.96 1.33

Diagonal 2A U1-L2 W14x78 (no metric equivalent) 1.00 1.00 1.00 0.99 1.07 1.07

Diagonal 2B U3-L4 W14x78 (no metric equivalent) 0.49 0.48 0.48 0.49 0.50 0.51

Diagonal 2C L4-U5 W14x78 (no metric equivalent) 0.44 0.42 0.42 0.51 0.41 0.47

Diagonal 2D U5-L6 W14x78 (no metric equivalent) 0.76 0.76 0.80 0.82 0.76 0.80

Diagonal 2E L6-U7 W14x78 (no metric equivalent) 0.62 0.62 0.62 0.37 0.49 0.50

Diagonal 2F L18-U19 W14x78 (no metric equivalent) 0.59 0.57 0.57 0.61 0.57 0.59

Diagonal 3 L2-U3 W14x87 (no metric equivalent) 0.86 0.86 0.89 1.00 0.81 1.03

Diagonal 3.1 L8-U9, L16-U17 W14x87 (no metric equivalent) reinforced with 380 x 10 thick plate on side 1.03 0.78 0.87 1.16 0.84 0.95

Diagonal 4 U7-L8 W14x95 (no metric equivalent) reinforced with 380 x 10 thick side plate 0.74 0.70 0.79 0.84 0.72 0.89

Diagonal 5 U9-L10 Back to back channels with cover plate and perforated plate 0.75 0.75 0.78 0.85 0.77 0.88

Diagonal 6 L10-U11 Back to back channels with tie plates and 410 x 10 thick side plate 0.81 0.93 0.94 0.92 0.93 1.01

Diagonal 7 U11-L12 Back to back channels with 410 x 25 thick plate each side 0.64 0.65 0.73 0.71 0.66 0.82

Diagonal8 L12-U13 Back to back channels reinfroced with 410 x 25 thick plate each side 0.60 0.52 0.66 0.66 0.54 0.73

Diagonal 9 U13-L14 Back to back channels with tie plates and reinforced with 410 x 12 thick side plate 0.71 0.73 0.77 0.72 0.78 0.82

Diagonal 10 L14-U15 Back to back channels with perforated plate and reinforced with 410 x 25 thick plate 0.42 0.45 0.46 0.43 0.45 0.50

Diagonal 11 U15-L16 W14x84 (no metric equivalent) reinforced with 380 x 10 thick side plate 0.97 0.94 0.96 1.09 0.94 1.08

Diagonal12 U17-L18 W14x78 (no metric equivalent) 0.66 0.64 0.64 0.68 0.68 0.68

Verticals 1

L0-U0, L2-U2, L4-U4, L6-U6, L8-U8, L10-U10, 

L14-U14, L18-U18 W360x91 (W14x61) 0.69 0.31 0.65 0.79 0.32 0.72

Verticals 2

L1-U1, L3-U3, L5-U5, L7-U7, L9-U9, L11-U11, 

L13-U13, L15-U15, L17-U17, L19-U19 W360x64 (W14x43) 0.14 0.05 0.10 0.17 0.09 0.10

Verticals 3 L12-U12 W360x110 (W14x74) 0.60 0.60 0.60 0.64 0.61 0.61

3 - Max Moment and Associated Axial Force

1 -Maximum Compression and Associated Moment

2 - Maximum Tension and Associated Moment

Case B - Propose AT trail and 

force main
Case A - Existing Bridge

Evaluation Scenario

Hillsborough Bridge Truss Resistance Results Summary

Interaction ( % of Capacity)
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Dive Inspection Report 
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1 .0  I N T R ODUC T I ON  

Diversified Divers Incorporated (DDI) was engaged by the Department of 
Transportation and Infrastructure Renewal of Prince Edward Island (TIR) to perform 
an “Engineering Dive Assessment” on the 2 in-water piers at the Hillsborough Bridge in 
Charlottetown, Prince Edward Island. It is understood that the purpose of the 
assessment is to gather information regarding the condition state of the piers to aid in 
an overall assessment of the bridge to accept additional loads. It is understood that the 
contemplated additional loads arise from the addition of an active transportation lane 
and/or a possible sewage forcemain(s). Based on the original drawings and site 
inspections, Pier 3 (Stratford pier) is the longitudinally fixed pier and Pier 2 
(Charlottetown Pier) is a longitudinally free pier.  
 
The following are the reference materials used to perform the inspection and prepare 
the report.  
 

 1996 Hillsborough Bridge Improvement drawings 
 2013 Bi-annual Bridge Inspection Report 

 
DDI has engaged Harbourside Engineering Consultants (HEC) to be involved with the 
inspection process and prepare this report.  
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2 .0  S CO P E   O F   I N S P E C T I O N  

The scope of the engineering dive assessment was specified in the terms of reference 
provided by TIR.  
 
Originally the scope of work included a dive inspection down to 18.3m (60’) depth below 
the low water elevation. During a meeting on September 23rd, 2014, it was agreed that 
the scope be increased to the 30.5m (100’ depth) or sea bed, whichever is shallower. 
Further, it was agreed that some ultrasonic thickness readings should be taken on the 
steel sheet pile. The number of readings was left at the discretion of the inspectors.  
 
Refer to the general arrangement and elevation drawings (SK-01, 02, and 03) in Annex 
A. Pier number 2 is the north pier (Charlottetown pier) and pier number 3 is the south 
pier (Stratford pier). A tide board was setup using the top of the east corbel on Pier 3 as 
a datum. The elevation of the top of corbel was pulled off of the 1996 expansion 
drawings (El. 7.304 m) and its as-built elevation was assumed to be correct.  
 
The terminology used during the inspection and in this report is based on the Ontario 
Bridge Inspection Manual and PEITIR inspection standards. The inspection was 
completed to OSIM standards where possible.  
 
The engineering dive assessment scope and report scope are described below. 

2.1. ENGINEERING DIVE ASSESSMENT SCOPE 

1. Inspection of steel sheet piling (SSP) down to 30.5m (100’) depth below low 
water level or sea bed (whichever is shallower). 

a. Diver swam vertically down to bottom at 8 locations (stations) around 
each pier. 

b. The diver cleaned the steel sheet pile (SSP) of marine growth at a vertical 
spacing of 3.00m to expose the steel. An area of approximately 500mm x 
500mm was cleaned and a portion of the out-pan, web, and in-pan were 
exposed. There were a total of 59 locations inspected on Pier 2 and 33 
locations inspected on Pier 3.  

c. U/T readings were taken at 42 locations on Pier 2 and 36 locations on Pier 
3. The readings were taken at 2 stations on Pier 2 from the top to the sea 
floor including the out-pan, in-pan and web at each location.  The readings 
were taken at 4 stations on Pier 2 from the top to sea floor including shots 
on the out-pan, in-pan, and web.  

d. The diver maintained an overall visual of the wall as they descended to 
inspect for major defects as holes or deformations.  

2. Inspection of concrete works under water. 
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a. Diver inspected two horizontal concrete ledges; one at the interface 
between the transfer cap and the original SSP, the other is the top of the 
new transfer cap. The diver cleaned specific areas of the concrete (over the 
GEWI piles in particular) of marine growth to get a visual on the concrete.    

b. Diver inspected the vertical face of the pier wall up to and including the 
high tide mark. 

3. Inspection of concrete elements above high tide mark.  
a. HEC inspected the pier wall as high as they can reach from the boat.  
b. HEC then accessed the catwalk under the bridge. The top of the pier was 

inspected using fall arrest equipment. The sides were inspected down as 
far as could be reached safely. The rest was inspected visually.  

4. Inspection of the GEWI piles.  
a. This inspection was be inferred from the condition of the horizontal 

section of the concrete transfer cap.  
5. Inspection of the steel plate ice shield.  

a. The ice shield was inspected by the diver. Two locations were cleaned of 
marine growth, one at the top of the ice shield (El. ±1.00m) and one at the 
bottom (El. ±-2.50m).  

b. Two U/T readings were taken at the nose of the ice shield on the west side 
of Pier 3 (at the cleaned locations noted above). The top reading 
represents a reading in the splash zone and the bottom reading represents 
a reading in the anodic zone. 

6. Measure the overall geometry of the pier. 
a. Diver measured the overall in-plan dimensions of the SSP structure below 

water on each pier.  
b. HEC measured the gross in-plan dimensions of the pier wall from the 

boat.  
c. Approximate elevations were measured for the concrete transfer cap and 

the interface between the transfer cap and the SSP below.  

2.2. REPORT SCOPE 

The report was to include a summary of the overall condition state of each element of 
the piers (SSP, concrete, piles, ice shield) and provide recommendations for possible 
further investigation or repairs for TIR’s review and consideration.  
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3 .0  I N S P E C T I O N   R E S U L T S  

The inspections took place over a period from October 8th to October 15th, 2014. There 
was a cleaning program (pressure washing of the elements to be inspected) that took 
place beforehand beginning on September 29th. Diving had to be timed accurately so 
that during the inspection of the north and south sides of the piers, the tide was at a 
slack (either at high tide or low tide) and the current was at a minimum. On a rising or 
falling tide, the current under the bridge is very strong making diving operations very 
difficult.  
 
Refer to Annex B for detailed inspection notes for all elements. Below is a summary of 
the inspection results. 

3.1. STEEL SHEET PILING  

The steel sheet piling (SSP) is broken into 2 sub-groups:  
 

1. Original SSP from elevation -5.936 to sea floor (BZ IV N sheet piling).  
2. Transfer cap SSP (PZ 27 sheet piling).  

It appears that the original SSP could be a critical structural member for Pier 2 which 
contains a “pressure grouted concrete” material as explained in the 1996 drawings. Pier 
3 has a “tremie concrete foundation” (as explained in the 1996 drawings) however it also 
states that it is in “poor quality” therefore the SSP could also be a critical structural 
member.  
 
Ultrasonic thickness readings of the SSP were taken at certain locations around both 
piers. Two stations were chosen on Pier 2 and 4 stations were chosen on Pier 3. 
Thickness readings were taken at the 3.00 m vertical intervals where the SSP had been 
cleaned.  At each interval, the out-pan, web and in-pan were measured where possible.  
 
The original thicknesses of the SSP are as follows: 
 

 Pier 2, Charlottetown Pier Transfer Cap (installed in 1996) 
o Out-pan 9.5 mm 
o Web  9.5 mm 
o In-Pan 9.5 mm 

 Pier 2, Charlottetown Pier Original SSP (installed in 1959) 
o Out-pan 14.0 mm 
o Web  10.0 mm 
o In-Pan 14.0 mm 

 Pier 3, Stratford Pier Transfer Cap (installed in 1996) 
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o Out-pan 9.5 mm 
o Web  9.5 mm 
o In-Pan 9.5 mm 

 Pier 3, Stratford Pier Original SSP (installed in 1959) 
o Out-pan 14.0 mm 
o Web  10.0 mm 
o In-Pan 14.0 mm 

The following tables (Table 1 and Table 2) summarize the thickness readings and 
calculate the percentage of the original thickness of the steel.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Measured 
Thickness 

(mm)

Corrosion 
Rate 

(mm/year)

Measured 
Thickness 

(mm)

Corrosion 
Rate 

(mm/year)
Outpan 7.05 0.14 9.85 -0.02

Web No Reading 8.20
Inpan 6.05 0.19 9.40 0.01

Outpan 9.75 -0.01 9.80 -0.02
Web 8.20 0.07 8.70 0.04

Inpan 9.55 0.00 9.75 -0.01
Outpan 12.35 0.03 10.45 0.06

Web 8.05 0.04 6.30 0.07
Inpan 11.75 0.04 10.10 0.07

Outpan 13.25 0.01 13.15 0.02
Web 5.05 0.09 8.70 0.02

Inpan 13.35 0.01 13.20 0.01
Outpan 13.45 0.01 13.00 0.02

Web 9.05 0.02 8.35 0.03
Inpan 13.40 0.01 13.20 0.01

Outpan 13.60 0.01 13.15 0.02
Web 8.50 0.03 8.55 0.03

Inpan 13.25 0.01 13.20 0.01
Outpan 13.80 0.00 N/A

Web No Reading N/A
Inpan 13.45 0.01 N/A

Outpan 13.70 0.01 13.30 0.01
Web No Reading 8.60 0.03

Inpan No Reading 12.99 0.02

Notes:
Negative corrosion rates indicate the measurement was thicker than the original 
thickness. 

Table 1: UT Measurements on Pier 2 (Charlottetown Pier)
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(m)

Station 10.00 m Station 26.75 m

Location

-14.936

-17.936

Bottom

Top of 
Transfer 

Cap

-5.436

-5.936

-8.936

-11.936

Measured 
Thickness 

(mm)

Corrosion 
Rate 

(mm/year)

Measured 
Thickness 

(mm)

Corrosion 
Rate 

(mm/year)

Measured 
Thickness 

(mm)

Corrosion 
Rate 

(mm/year)

Measured 
Thickness 

(mm)

Corrosion 
Rate 

(mm/year)
Outpan 6.30 0.18 8.35 0.06 7.15 0.13 7.75 0.10

Web 4.85 0.26 7.45 0.11 3.05 0.36 6.30 0.18
Inpan 8.80 0.04 8.05 0.08 6.30 0.18 6.75 0.15

Outpan 8.35 0.06 9.15 0.02 8.30 0.07 7.65 0.10
Web 8.15 0.08 8.25 0.07 8.15 0.08 8.80 0.04

Inpan 8.30 0.07 9.05 0.03 8.15 0.08 8.50 0.06
Outpan N/A 11.80 0.04 N/A 11.35 0.05

Web N/A 6.55 0.06 N/A 6.90 0.06
Inpan N/A 11.20 0.05 N/A 11.80 0.04

Outpan N/A N/A N/A 12.15 0.03
Web N/A N/A N/A 8.70 0.02

Inpan N/A N/A N/A 12.05 0.04
Outpan 11.70 0.04 13.30 0.01 12.05 0.04 12.20 0.03

Web 8.75 0.02 8.45 0.03 8.75 0.02 8.80 0.02
Inpan 12.35 0.03 12.65 0.02 12.90 0.02 11.60 0.04

Notes:
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Negative corrosion rates indicate the measurement was thicker than the original thickness. 

Station 12.5 m Station 18.0 m
Table 2: UT Measurements on Pier 3 (Stratford Pier)
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There was marine growth on all of the SSP with the heaviest growth at the sea floor and 
becoming less dense at higher elevations. There was evidence of Microbiologically 
Induced Corrosion (MIC) throughout both piers. This is characterized by a bright 
orange, iron rich layer followed by a dense black layer followed by bright and shiny steel 
surface underneath (see Photo 1 below) and subsequent pitting of the steel. The MIC 
ranged from 3 mm to 6 mm thick (orange and black layers combined). As shown in the 
tables above, the most severe corrosion rate measured on both piers was 0.36mm/year 
but on average it was around 0.15 to 0.20 mm/year. The worst corrosion was on the east 
and west faces of Pier 3 at the top of transfer cap SSP which is in the anodic zone. The 
anodic zone is typically within 1.0 or 1.5 m below the low water mark.    
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is noted that approximately 50% of the transfer cap SSP is peeling away from the 
concrete transfer cap. It is unclear whether this occurred during construction or if it has 
been happening over a long period of time. There are gaps between the SSP and 
concrete of as much as 150 mm.  

3.2. CONCRETE WORKS UNDERWATER 

The concrete underwater was broken into 3 sub-elements.  
 

1. Horizontal ledge between original SSP and transfer cap (built 1959). 
2. Horizontal surface at the top of transfer cap (built 1996). 
3. Vertical face of the pier wall up to high water elevation (built 1996).  

The ledge between the original SSP and the transfer cap has localized spalling in certain 
areas but is generally in a good condition state. The spalling appears to be adjacent to 
the original SSP. The concrete appeared to be heavily scaled but considering it age, this 
would be expected. See Photo 2 below.  

Photo 1: Piece of MIC brought to surface. 
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The top of transfer cap is generally in a good condition state. There are some local areas 
that have some spalling and delaminations, specifically at Stations 1.5 m and 12.5 m on 
Pier 3. Both piers have several HP sections protruding vertically from the concrete. It 
appears these were used for formwork/cofferdam for the pier wall during the 1996 
construction. These sections were typically protruding 200 – 300 mm from the 
concrete.  
 
The vertical face of the pier wall from the transfer cap to high tide is in similar condition 
to the pier wall above high tide. There are several narrow cracks throughout but there 
does not appear to be any spalls.  

3.3. CONCRETE WORKS ABOVE WATER 

The concrete works above water was inspected from a boat at high tide and from above 
with the use of fall protection equipment.  
 
There were several narrow cracks with wet stains on both piers. Cracks varied from 
horizontal to vertical cracks (with other orientations between horizontal and vertical). 
There was approximately 128 m of narrow cracks and 5 m of medium cracks on Pier 2. 
There was approximately 52 m of narrow cracks and 4 m of medium cracks on Pier 3. 
This is consistent with the bi-annual bridge inspection report submitted in 2013.  
 
Each corbel has 9 post tensioning block-outs on the top face adjacent to the girder. 
Three of the block-outs on Pier 2 have delaminated and 2 block-outs on Pier 3 have 

Photo 2: Typical condition of original concrete foundation. 
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delaminated. There were localized delaminations around the bearings for the truss on 
Pier 2 for a total area of 1.1 m2. There were delaminations and spalling (150 mm in 
height on average) at the top edge of the ice shields on both piers. On the east side of 
Pier 2, the ice shield had a hollow sound when tapped with the hammer.  

3.4. GEWI PILES 

The inspection of the GEWI piles was limited due to their encasement in concrete at the 
transfer cap. The concrete above the GEWI piles appeared to be in good condition with 
the exception of 2 areas where spalling and delaminations were observed. These 
locations were on the south east and south west corners of Pier 3. Refer to Section 3.2. 

3.5. ICE SHIELDS 

The ice shields appear to be in good condition. The original thickness of the ice shields 
was 12mm and it was galvanized steel (according to the 1996 expansion drawings). UT 
readings were taken on the Pier 3 west ice shield. Readings were as follows: 
 

 Bottom of ice shield (El. ±-2.5 m) : 10.65 mm 

o Corrosion rate =    0.08 mm/year 
 Top of ice shield (El. ±1.0 m) :  9.60 mm 

o Corrosion rate =   0.13 mm/year 

3.6. OVERALL GEOMETRY OF THE PIER 

The outer dimensions of the SSP were measured underwater. Refer to Annex A, SK-02 
for as-built measurements. All measurements were greater than the dimensions 
provided on the 1996 drawings.  
 
Elevations were measured at sea bed by using the diver’s pneumofathometer gauge 
which is a depth measuring device used to monitor the divers depth at all times. This 
measurement is not accurate enough for a bathymetric survey however it an 
approximate depth at each vertical dive location. Any elevations indicated on the 
drawings in Annex A and the field notes were taken from the 1996 design drawings.  
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4 .0  D I S CU S S I O N  

The condition of the SSP on both piers was very similar. There was evidence of MIC on 
the SSP at most locations. It is anticipated that the MIC has caused the accelerated 
corrosion rates. Besides the MIC, the condition of the SSP was good. There were no 
major holes or deformations to be noted. The marine growth was heaviest at the bottom 
elevations. There was a horizontal HP section located on Pier 2 at approximately 
elevation -14.336 m. It is expected that this was used as a tension tie but it is not 
indicated on the 1996 design drawings. It could have been installed for construction 
purposes when the original SSP was installed in 1959.  
 
The concrete below water was in an overall good condition state. The only area of 
concern is at stations 1.25 and 12.5 on Pier 3. The concrete on the top of the transfer cap 
has delaminated and spalled in these areas which are located above the GEWI piles. It is 
unclear whether the spalling was caused by the piles but one would expect this type of 
failure if there was a bearing or punching shear failure of the transfer cap around the 
200x200x40 thick bearing plate on top of the GEWI piles. The remaining areas with 
localized spalling on the ledge between the original SSP and transfer cap was likely due 
to settlement of the concrete foundation relative to the SSP which caused the concrete to 
chip around the edges of the original SSP (before the 1996 construction).   
 
The concrete above water was in an overall good condition state. This is consistent with 
the previous bi-annual bridge inspection report completed in 2013. There are several 
narrow cracks throughout both piers however they are characteristic of a concrete 
structure of this size and thickness. The delamination of the grout filled post tensioning 
block-outs was likely caused by the combination of the infiltration of water and a freeze 
thaw cycle. It is unclear as to what caused the delaminations above the ice shields. It 
appears that these delaminations have been repaired at one time but the repairs have 
also delaminated.   
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5 .0  RECOMMENDA T I ON S /   CONC LU S I ON  

Based on this inspection, there are no material defects that are alarming from a 
structural point of view. The only area of concern would be the spalling on the top of 
Pier 3 transfer cap in the vicinity of the GEWI piles. It is difficult to ascertain, without 
the benefit of knowledge of the loads in these elements or the specifics of the overall 
analysis of the bridge, how serious this issue is. We are willing to participate with TIR in 
an assessment of this issue if required.  
 
Upon review of this report, should the reader have any questions or concerns, please 
don’t hesitate to contact Greg MacDonald (gmacdonald@harboursideengineering.ca) 
 or Ronald Keefe (rkeefe@harboursideengineering.ca) to discuss.  
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Annex A  Bridge Plan, Elevations and Pier Details 
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Annex B   Detailed Inspection Notes 
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The following are the detailed inspection notes for both piers. The stations referred to 
are as per the stations identified on drawing SK-02 and elevations referenced are as per 
the datum provided on the 1996 expansion drawings. Both elevations and stations are 
approximate.  
 
Steel Sheet Piling 
 
Pier 2 (Charlottetown) 
 

Station (m) Elevation (m) Notes 

1.25 

Top of 
Transfer Cap 

Medium pitting. No major holes. Local severe 
corrosion for top 3" (very local). SSP is peeling 
away from concrete. 

-5.436 
Shiny steel. Light to medium pitting. No major 
holes or severe corrosion. Evidence of MIC. 

-5.936 
Shiny steel. Medium pitting. No holes or severe 
corrosion. Evidence of MIC.  

-8.936 Shiny steel. Medium pitting. No holes or severe 
corrosion. Evidence of MIC.  

-11.936 
Shiny steel. Medium pitting. No holes or severe 
corrosion. Evidence of MIC.  

-14.936 
Shiny steel. Light pitting. No holes or severe 
corrosion.  

-22.750 
(Bottom) 

Shiny steel. Light pitting. No holes or severe 
corrosion.  

      

4.00 

Top of 
Transfer Cap 

Shiny Steel. Light pitting. Evidence of MIC.  

-5.436 Light Pitting. Evidence of MIC. There is a 4" 
angle running horizontally. 

-5.936 
Light Pitting. Evidence of MIC with shiny steel 
underneath.  

-8.936 Shiny steel. Light pitting. Evidence of MIC.   

-11.936 Shiny steel. Light pitting. Evidence of MIC 6mm 
thick. Heavy growth, 3-4" thick.   

-14.936 
Light Pitting. Evidence of MIC with shiny steel 
underneath.  

-17.936 
Light Pitting. Evidence of MIC with shiny steel 
underneath.  

-21.000 
(Bottom) 

Evidence of MIC. Steel in good condition.  

      

10.00 
Top of 

Transfer Cap 
SSP is peeling away from the concrete. Heavy 
pitting and shiny steel.  
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-5.436 Evidence of MIC. 4" angle running horizontally.  
-5.936 Light pitting. Appears to be in good condition.  
-8.936 Light pitting.   
-11.936 Light pitting. Heavy growth.  
-14.936 Light Pitting. Evidence of MIC.  
-17.936 Light pitting. Evidence of MIC. 
-20.750 

(Bottom) Light pitting.  

      

12.50 

Top of 
Transfer Cap 

Evidence of MIC approximately 3mm thick. 
Light Marine growth 6 to 12mm.  

-5.436 Severe pitting. Steel is not smooth.  
-5.936 Steel in good condition. 
-8.936 Steel in good condition. 
-11.936 Steel in good condition. No evidence of MIC.  
-14.936 Steel in good condition. 
-17.936 Steel in good condition. 

??? (Bottom) 
Couldn't measure bottom due to severe 
conditions.  

      

15.00 

Top of 
Transfer Cap 

SSP is peeling away from concrete. Medium 
pitting. No holes. Evidence of MIC.  

-5.436 Medium pitting. Evidence of MIC.  

-5.936 
Light pitting. Visibility was bad at this location. 
Steel appears to be in good condition. Heavy 
Growth.  

-8.936 Light pitting. Clean shiny steel.  
-11.936 Steel is in good condition. Light pitting.  
-14.936 Light pitting. Steel is in good condition.  
-19.750 

(Bottom) 
Steel is in good condition. Light pitting. Shiny 
steel under growth.  

      

18.00 

Top of 
Transfer Cap 

Shiny steel underneath MIC. There is a hole 
which was likely from a burning operation to cut 
the SSP. The web has a hole 2-3" in diameter.  

-5.436 Shiny steel underneath MIC. No holes. Light 
pitting.  

-5.936 Shiny steel. Evidence of MIC 6mm thick.  

-8.936 
Shiny steel underneath MIC. No holes. Very light 
pitting. Heavy growth.  

-11.936 Very light pitting. Diver peeled a piece of MIC off 
the wall.  
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-14.936 
Smooth steel. No pitting. Steel in good condition. 
Heavy growth in this area.  

-17.500 
(Bottom) 

Evidence of MIC. There is debris from 
construction on the sea floor. Sea bed is 
relatively level in all directions.  

      

24.00 

Top of 
Transfer Cap 

Holes in web from corrosion. Steel on in-pan is 
smooth.  

-5.436 
Evidence of MIC. Light to medium pitting. Shiny 
steel behind MIC.  

-5.936 Shiny steel with minor pitting. Heavy growth in 
this area.  

-8.936 Shiny steel with minor pitting.   
-11.936 Shiny steel with no pitting.  
-14.936 Shiny steel with no pitting.  
-17.936 Shiny steel with no pitting. Heavy growth.  
-18.25 

(Bottom) 
Shiny steel with no pitting. Heavy growth.  

      

26.75 

Top of 
Transfer Cap Medium pitting. No holes. 

-5.436 Light pitting. No holes.  

-5.936 
Light pitting. Small hole likely from 
construction.  

-8.936 Light pitting. No holes.  
-11.936 Light pitting. No holes.  
-14.936 Light pitting. No holes.  
-19.00 

(Bottom) 
Light pitting. No holes. Shiny steel.  

 
Pier 3 Stratford 
 

Station (m) Elevation (m) Notes 
      

0.00 

Top of 
Transfer Cap 

Medium pitting. Steel seems to be in good 
condition. Shiny steel.  

-5.436 
Medium pitting. Steel seems to be in good 
condition. Shiny steel. No holes.  

-5.936 Light pitting. Shiny steel. No holes.  
-6.400 

(Bottom) Light pitting. Shiny steel. No holes.  
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2.00 

Top of 
Transfer Cap 

Severe pitting. Severe corrosion on top edge. No 
holes.  

-5.436 Medium pitting. No holes.  
-5.936 Light pitting. No holes. Shiny steel.  
-7.000 

(Bottom) Light pitting. No holes. Shiny steel.  

      

4.00 

Top of 
Transfer Cap 

Light pitting. Steel in good condition.  

-5.436 Light pitting.  
-5.936 Shiny steel.  
-8.936 No pitting. Steel in good condition. Shiny steel.  

-10.000 
(Bottom) No pitting. Steel in good condition. Shiny steel.  

      

10.00 

Top of 
Transfer Cap 

Light pitting. Steel in good condition.  

-5.436 
Shiny steel. Evidence of MIC under marine 
growth.  

-5.936 Steel is in good condition. Shiny steel.  

-8.936 Heavy marine growth. Steel in good condition. 
Shiny steel.  

-11.600 
(Bottom) 

Heavy marine growth. Steel in good condition. 
Shiny steel. Grade drop off away from pier. Sea 
bed is armor stone.    

      

12.50 

Top of 
Transfer Cap 

Light pitting. No holes. Shiny steel. 

-5.436 
Light pitting. Steel in good condition. Shiny 
steel. Evidence of MIC 6mm thick.  

-5.936 Light pitting. No holes. Shiny steel.  

-7.650 
(Bottom) 

Light pitting. Shiny steel. 2 holes through SSP. 1 
hole seems to have concrete behind SSP. There is 
a 12 to 25mm gap until the concrete which is 
likely the thickness of the SSP.  

      

15.00 

Top of 
Transfer Cap 

Severe pitting. No holes. Evidence of MIC.  

-5.436 Medium pitting. No holes. Evidence of MIC. 
Shiny steel.  

-5.936 No holes. Evidence of MIC.  
-7.250 

(Bottom) 
Light pitting. No holes. Steel is in good 
condition.  
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18.00 

Top of 
Transfer Cap 

Evidence of MIC. Light pitting. Steel appears to 
be in good condition.  

-5.436 Light pitting. Steel is in good condition. Shiny 
steel.  

-5.936 Light pitting. Evidence of MIC 6mm thick.  

-8.936 
Smooth steel. Evidence of MIC 6mm thick. No 
holes.  

-11.910 
(Bottom) 

Smooth steel. Evidence of MIC 6mm thick. No 
holes.  

      

24.00 

Top of 
Transfer Cap 

Shiny steel. Medium pitting.  

-5.436 Shiny steel. Light pitting. Evidence of MIC 6mm 
thick.  

-5.936 Light pitting. No holes.  
-8.936 Light pitting. No holes.  
-11.600 

(Bottom) 
Light pitting. No holes. Light marine growth.  
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Concrete Ledge at Elevation -5.936 m 
 
Pier 2 (Charlottetown) 
 

Station (m) Elevation (m) Notes 

1.25 -5.936 
No spalls or visible cracks. Concrete appeared to 
be in good condition.  

4.00 -5.936 
Concrete in good to fair condition. There is 
localized spalling.  

10.00 -5.936 Concrete appears to be in good condition. There 
are no major spalls or cracks.  

12.50 -5.936 
Concrete appears to be in good condition. There 
are localized spalls closer to the outside edge 
adjacent to the SSP.  

15.00 -5.936 
There is a HP section protruding from the 
concrete. There are no cracks or spalls. Concrete 
seems to be in good condition.  

18.00 -5.936 

There are additional angles and plates which 
cover the concrete ledge. There are also some 
sandbags (or concrete bags) at this location. It 
appears they were used as a form for the newer 
transfer cap.  

24.00 -5.936 

There are additional angles and plates which 
cover the concrete ledge. There is also some 
sandbags (or concrete bags) at this location. It 
appears they were used as a form for the newer 
transfer cap.  

26.75 -5.936 
Concrete appears to be in good condition. There 
are no visible cracks, spalls or delaminations.  

 
Pier 3 (Stratford) 
 

Station (m) Elevation (m) Notes 

0.00 -5.936 
There is some spalling at this location. No visible 
signs of exposed reinforcing. No visible cracks.  

2.00 -5.936 There is some spalling at this location. No visible 
signs of exposed reinforcing. No visible cracks.  

4.00 -5.936 Concrete is in good condition at this location.  

10.00 -5.936 
Concrete has some localized spalls but otherwise 
in good condition.  

12.50 -5.936 Concrete has no visible cracks, spalls of 
delaminations.  

15.00 -5.936 
Concrete has no visible cracks, spalls of 
delaminations.  
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18.00 -5.936 
Localized spalling but no signs or corroding 
reinforcing. Remaining concrete is in good 
condition.  

24.00 -5.936 Concrete is in good condition at this location.  
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Top of Concrete Transfer Cap 
 
Pier 2 (Charlottetown) 
 

Station (m) Elevation (m) Notes 

1.25 
Top of 

Transfer Cap 

No spalls. No delaminations. Concrete is 8-10" 
below the top of the transfer cap SSP. SSP is 
peeling away from the concrete at this location. 

4.00 
Top of 

Transfer Cap 
Concrete appears to be in good condition.   

10.00 Top of 
Transfer Cap 

Concrete appears to be in good condition. There 
is a HP section protruding vertically from the 
concrete.  

12.50 
Top of 

Transfer Cap Concrete appears to be in good condition.   

15.00 
Top of 

Transfer Cap 

There is a HP protruding vertically from the top 
of concrete. Concrete appears to be in good 
condition. There are no cracks or spalls.  

18.00 Top of 
Transfer Cap 

Concrete appears to be in good condition.   

22.00 Top of 
Transfer Cap 

There is a HP section protruding at an angle 
from the top of the concrete. It is angle east to 
west at the top. Concrete appears to be in good 
condition.  

24.00 
Top of 

Transfer Cap 

There is a HP protruding vertically from the top 
of concrete. Concrete appears to be in good 
condition. There are no cracks or spalls.  

26.75 Top of 
Transfer Cap 

Concrete appears to be in good condition.  

 
Pier 3 (Stratford) 
 

Station (m) Elevation (m) Notes 

0.00 Top of 
Transfer Cap 

  

1.25 
Top of 

Transfer Cap 

There is a HP section protruding vertically from 
the top of concrete approximately 12" from the 
SSP. It appears the concrete has delaminations 
in this area. There are several pieces of concrete 
that have spalled off.  

2.00 
Top of 

Transfer Cap 

There appears to be a 3-4" pipe protruding from 
the top of the concrete. Diver suspects this was a 
tremie pipe during construction.  
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5.00 
Top of 

Transfer Cap 
There is a HP section protruding vertically from 
the top of concrete. 

6.30 
Top of 

Transfer Cap 

There are 2 HP sections protruding at an angle 
from the concrete which are leaning towards one 
another at the top. Concrete has spalled adjacent 
to the HP sections.   

11.75 Top of 
Transfer Cap 

There is a HP section protruding vertically from 
the top of concrete. 

12.00 
Top of 

Transfer Cap 

There appears to be a 3-4" pipe protruding from 
the top of the concrete. Diver suspects this was a 
tremie pipe during construction.  

12.50 
Top of 

Transfer Cap 
Concrete has severe spalls at this location.  

13.00 Top of 
Transfer Cap 

There is a HP section protruding vertically from 
the top of concrete. There is also a piece of rebar 
protruding from the concrete that appears to be 1 
to 1-1/4" in diameter.  

16.50 
Top of 

Transfer Cap 

There is a HP section protruding vertically from 
the top of concrete. There is some spalling 
adjacent to the HP section.  

18.00 
Top of 

Transfer Cap 
Concrete appears to be in good condition. No 
spalls or delaminations.  

19.50 Top of 
Transfer Cap 

There is a HP section protruding vertically from 
the top of concrete. 

21.00 
Top of 

Transfer Cap 

There is a HP section protruding at an angle 
from the top of concrete. The section is tilted 
east to west at the top.  

24.00 
Top of 

Transfer Cap 
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Concrete Pier Walls 
 
Pier 2 (Charlottetown) 
 
Location Notes 

East Corbel 

2 of 9 grouted post tensioning block-outs have delaminated from 
the concrete. 2.5 m narrow crack with wet stains noted on the 
south face running from the top down to the waterline. There are 
7- vertical cracks at 4.0 meters each which extend across the top 
of the corbel approximately 1.5 m throughout.  

West Corbel 

1 of 9 post tensioning block-outs have delaminated from the 
concrete. 2.5m narrow crack with wet stains noted on the south 
face and north face starting at the top and running towards the 
water line. Cracks are located directly under the box girders.  

Center 
section 

Delamination noted on the horizontal surface adjacent to 
bearings. West side has a delamination 1000x200 and the east 
side has 2 delaminations; 1500x300 and 1000x100. There is a 
narrow crack propagating from the west bearing of the truss 
towards the south face approximately 1.5m long. There are 2-4.0 
meter cracks between the bearings of the truss on the top surface. 
There are several horizontal, vertical and angled narrow cracks 
on north and south faces. There are approximately 40 meters of 
narrow cracks with wet stains on the south face down to the low 
water mark. There are approximately 32 meters of narrow cracks 
with wet stains and 3 meter of medium cracks with wet stains on 
the north face down to the low water mark. Concrete just above 
ice shield on both east and west sides was delaminated and 
concrete has spalled off. The ice shield on the east side has a 
hollow sound when tapped with the hammer for 50% of its width 
at the top. Concrete behind the ice shield may be delaminated.  

 
Pier 3 (Stratford) 
 
 

Location Notes 

East Corbel 

1 of 9 grouted post tensioning block-outs have delaminated from the 
concrete and grout has crumbled. There is an exposed post tensioning 
strand which had severe corrosion. The stressing head was not visible. 
2.0 m narrow crack with efflorescence noted on the north face 
running from the top down to the waterline. 7m of narrow horizontal 
and vertical cracks on the north face. There are 10m of narrow vertical 
cracks on the south face.  
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West Corbel 

1 of 9 post tensioning block-outs have delaminated from the concrete. 
2.5m narrow crack with wet stains noted on the south face and north 
face starting at the top and running towards the water line. 6 m of 
narrow vertical cracks between the bearings on the north face.  Cracks 
are located directly under the box girders. There are 2-300 long 
narrow crack propagating from the south corbel tie on the inner 
horizontal face.  

Center 
section 

There are 8.0m narrow cracks with efflorescence on the south face. 
There are 4m of medium cracks and 2m of narrow cracks on the 
horizontal face running longitudinally with the bridge. There are 2-
4.0m medium cracks between the bearings of the truss. There is a 
delamination 300x300 adjacent to the east bearing on the horizontal 
face. There is a 5m long vertical crack on the south face. Concrete just 
above ice shield on both east and west sides was delaminated and 
concrete has spalled off.  
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Annex C  Inspection Photos  
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Photo 3: Typical condition of the SSP. 

Photo 4: Heavy pitting on SSP. 
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Photo 5: W-section protruding from transfer cap. 

Photo 6: Additional formwork at the base of transfer cap. 
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Photo 7: Typical condition of the concrete between original SSP and transfer cap. 

Photo 8: Spalling of concrete on the top of transfer cap. 
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Photo 9: Typical narrow cracking on pier wall. 

Photo 10: Typical cracking on pier wall. 
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Photo 11: Repair of concrete above ice shields. 

Photo 12: Typical spalling above ice shields. 
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Photo 13: Transverse cracks between truss bearings. 

Photo 14: Spalling of grout in post-
tensioning block-out. 

Photo 15: Exposed PT strand. 
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Photo 16: Delamination adjacent to truss bearing. 

Photo 17: Narrow cracks below box girders. 


	Contents
	Chapter 1  Introduction
	1.1 General
	1.2 History
	1.3 Scope of Work
	1.3.1 Desktop Study
	1.3.2 Field Work/Condition Survey
	1.3.2.1 Superstructure
	1.3.2.2 Substructure

	1.3.3 Structural Analysis/Evaluation


	Chapter 2  Desktop Study
	2.1 Existing Documentation
	2.2 Maintenance and Inspection History
	2.3 Materials
	2.3.1 Steel
	2.3.2 Concrete Deck
	2.3.3 Ashpalt Surfacing

	2.4 Record Information
	2.4.1 Superstructure
	2.4.2 Substructure


	Chapter 3  Condition Assessment
	3.1 General
	3.2 Nomenclature
	3.3 Superstructure
	3.3.1 Truss System
	3.3.1.1 Bottom Chords
	3.3.1.2 Verticals
	3.3.1.3 Diagonals
	3.3.1.4 Top Chords
	3.3.1.5 Floor Beams and Stringers
	3.3.1.6 Lateral Bracing System
	3.3.1.7 Deck

	3.3.2 Box Girder System

	3.4 Substructure
	3.4.1 Abutments
	3.4.2 Piers
	3.4.3 Dive Inspection


	Chapter 4  Analysis
	4.1 General
	4.2 Analysis Methods
	4.2.1 Trusses
	4.2.2 Box Girders
	4.2.3 Deck System

	4.3 Loadings
	4.3.1 Dead Loads
	4.3.2 Live Loads
	4.3.3 Wind Loads

	4.4 Fatigue

	Chapter 5  Evaluation Results
	5.1 General
	5.2 Reliability Index to Determine Dead and Live Load Factors
	5.3 Truss
	5.4 Box Girder
	5.5 Local Checks
	5.6 Substructure

	Chapter 6  Conclusions and Recommendations
	6.1 Evaluation Conclusions
	6.2 Recommendations




