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INTRODUCTION

McCormick Rankin Corporation (MRC), a member of MMM Group, was retained by the
Regional Municipality of Halton to undertake a Municipal Class Environmental
Assessment (EA) for the planned widening of Dundas Street from the existing four lanes
to six lanes. The study limits for the widening are from Guelph Line to Appleby Line.
The CNR Overhead Structures are within the study limits and will also need to be
widened to accommodate the planned increase in the number of traffic lanes.

A structural investigation of the bridges are included in the Municipal Class EA to assess
the feasibility of bridge widening alternatives, existing bridge needs, and quantity of
repairs required for cost analysis of the alternatives. The investigation comprised the
structural evaluation and a detailed deck condition survey. This report focuses on the
bridge structural evaluation. Details of the results of the condition survey may be found
in the report “Dundas Street - CNR Overhead Structure, Site Number 010-0175, Bridge
Deck Condition Survey Report” by MRC dated October 2009, which is bound separately.

This report includes the following:

• A summary of the rehabilitation work previously carried out;
• Results of the structural evaluation;
• Review of the barrier wall currently in place; and
• Discussions of findings from the structural evaluation.

A Key Plan showing the structure location is provided in Appendix A.

Appendices containing supplementary information such as drawings, photographs,
figures, and calculations, are referenced throughout the text and included in the back of
this Report.

2. EXISTING CONDITIONS

Two adjacent, yet independent, CNR Overhead bridges were constructed in 1962, one for
Waterdown-bound traffic and the other for Toronto-bound traffic. Each bridge carries
two (2) traffic lanes located along Dundas Street (King’s Highway No.5), which crosses
over the CN Railways. The superstructure layout follows along the Profile Control Line
and comprises three simply-supported spans of precast, pre-stressed concrete girders
supporting a cast-in-place (CIP) reinforced concrete deck, an asphalt wearing surface,
and a PL2 concrete barrier wall with traffic railing and a median barrier on each deck
edge. The two adjacent decks, each 11.431 m wide, are separated by a 25mm longitudinal
joint located between the medians.

The three spans are each 12.2± m, 17.8± m, and 12.2± m in length, supported by piers
and abutments that are skewed relative to the Profile Control Line, in order to
accommodate the rail lines passing underneath the bridges. Approach slabs, each 4.267m
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long, flank both ends of the bridges. General views of the structure are shown in
photographs found in Appendix B.

In 2003, the structure was rehabilitated. More recently, bi-annual appraisals have been
carried out on the bridge. Summaries of the work and findings are presented.

2.1 2003 Rehabilitation

In 2003, the structure was rehabilitated under Contract No. R-1853B-2003. The scope of
work included the following:

• Removed deteriorated concrete from deck soffit & diaphragm ends and repaired
• Removed deteriorated concrete from pier caps and repaired
• Constructed new concrete crash walls on pier columns
• Repaired concrete slope paving
• Removed traffic railings, steel beam guide rails, curbs and gutters. Removed

north and south edges of approach slab.
• Installed new concrete barriers & steel beam guide rails. Modified existing

approach slabs by placing new curb and gutter.
• Removed existing caulking/seal from longitudinal expansion joint
• Installed new longitudinal expansion joint
• Milled existing pavement and place surface course asphalt
• Reinstated pavement markings
• Installed asphaltic plug seals at abutment and pier expansion joints

2.2 2006 Si-Annual Bridge Appraisal

The 2006 bi-annual was completed by TSH for the Regional Municipality of Halton. The
following summarizes the findings of their inspection:

• The asphalt wearing surface is in good condition.

• Concrete barrier walls and steel barrier rails are in good condition with surface rust
stains noted.

• Concrete median is in generally good condition with localized cracking.

• A longitudinal expansion joint in the median is sealed and is in poor condition.
Localized leakage was noted.

• Deck expansion joints are paved over and are in poor condition with leakage noted.

• Concrete deck soffit is in good condition with localized water staining along the deck
fascias at piers and longitudinal expansion joint. Localized patching was noted on
both the south and north deck cantilever. Localized spalling and delaminations were
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noted along longitudinal joints. Exposed corroded rebar chains were also noted
along joint.

• Precast concrete girders are in generally good condition with delaminations and
spalling of several girders at the support points.

• Elastomeric bearing pads are in good condition.

• Concrete piers are in generally good condition with extensive water staining,
localized cracking and patching of the pier caps. The pier columns are in good
condition. Railway crash walls are in good condition.

• Concrete abutments are in good condition with extensive water staining and
localized vertical cracking.

• Concrete wingwalls are in good condition.

• Slope paving is in good condition.

• Steel beam guiderail and channel on the bridge approaches are in good condition
with extruder end treatments complete with hazard markers in all four quadrants.

• Concrete approach slabs are in good condition

• Asphalt paved approach roads are in good condition.

• Raised concrete median on the approaches is in generally good condition.

• Concrete curb and gutter on the approaches are in good condition

• Asphalt paved boulevards are in good condition

3. ANALYSIS AND EVALUATION ASSUMPTIONS

The following points should be considered when reviewing this report:

• The structure was evaluated in accordance with the Canadian Highway Bridge
Design Code, CAN/CSA-S6-06 (CHBDC), using the software program CANBAS
Version 2.0.1 to determine girder demands and capacities.

• The structure was evaluated using Ultimate Limit States (ULS) with load
combination factors provided in CHBDC, Table 3.1.

• CII’ deck slab and AASHTO Type III girder properties were calculated based on
their gross (un-cracked) section properties. The structure was evaluated based on
the assumption that any and all defects have been repaired.
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The following assumptions were made throughout the evaluation:

• The reinforcing steel material properties were estimated based on considering the
date of bridge construction in accordance with Clause 14.7.4.4 of CHBDC. The
assumed yield strength, F~, and elastic modulus, E, of the original rebar was taken
as 275 MPa and 200 GPa, respectively [Table 14.2 of CHBDCJ.

• According to the structural drawings, the concrete compressive strengths were:

• 34.5 MPa for the pre-stressed girders
• 27.6 MPa for the Cifi concrete deck

4. LOADING

The dead load contributors are as follows:

• Pre-stressed girder self-weight
• 177.8 mm thick CIP deck slab

Superimposed dead load contributions include:

• 76.2 mm thick asphalt plus waterproofing
• barrier walls and curbs

Other loads include:

• Pre-stressing axial forces on girder strands

The structural drawings found in Appendix A were used to determine loads. Standard
material densities in accordance with CHBDC were used.

The CNR Overhead is required to carry vehicle trains in normal traffic, for which the
governing live load model is the CL1-ONT-625 Truck [CHBDC, 56.1-06 Commentary,
Cl. C3.8.1].

5. ANALYSIS I MODELLING

5.1 Introduction

The bridge analysis was preformed using the structural analysis program CANBAS
Version 2.0.1. Interior and exterior pre-stressed beams were analysed to determine load
demands and capacities along each girder.
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The resistance of the members or “Capacity” (C) have been calculated. The moment of
resistance, Mr, and shear resistance, Vr, of each member is calculated based on its gross
(un-cracked) sectional properties in accordance with CHBDC.

Capacity-to-demand (C/D) ratios are calculated for exterior and interior members at
critical locations to evaluate the theoretical condition of the bridge. Throughout this
evaluation, members with a Cit ratio less than 1.0 have been considered to be under
capacity.

An evaluation check was completed to confirm the results of the above-noted evaluation
calculations.

5.2 Analysis Results

The evaluation is based on the assumptions outline above. The following results at the
critical sections were obtained and the results are presented in Tables 5.1 and 5.2 based
on ULS loading. Interior girder Cl) ratios governed in all cases. Detailed analysis
results and discussions are found in Appendix C.

Table 5.1 — End Span, Interior Girder ULS Load Combination Results

Point Capacity / Demand Ratio’ Location2

M~ (+) / Mf(+) 1.63 Midspan (x/L = 0.5)
I

V~/V~ n/a Midspan(xIL=O.5)

Vr/Vf 1.35 AtPiers(xILO)
2

Vr/Vf 1.27 NearPiers(xlLO.l)

Table 5.2 — Main Span, Interior Girder, ULS Load Combination Results

Point Capacity / Demand Ratio’ Location2

M~ (+) / Mf (+) 1.37 Midspan (xIL = 0.5)
1

V1/Vf n/a Midspan(x/L=0.5)

Vr/Vf 1.24 AtPiers(xJLO)
2

Vr/Vc 1.11 NearPiers(x/L=0.1)
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Footnote: “Capacity/Demand Ratio” is defined as factored resistance divided by the factored response. A
Demand/Capacity ratio greater than or equal to 1.0 is desirable
M, (-) is defined as factored negative flexural resistance
Mf (-) is defined as the factored applied negative bending moment
M~ (+) is defined as factored positive flexural resistance
M~ (+) is defined as the factored applied positive bending moment
Vr is defined as factored shear resistance
Vf is defined as factored applied shear

2 Footnote: L denotes the span length, equal to 1783 1mm for main spans and 12192mm for end spans.

x denotes the distance from pier supports for main spans, and abutment supports for end spans.

6. BARRIER WALL

The barrier wall currently in use was designed according to OHBDC 1991, Highway
Class A. These PL-2 barriers were installed in 2003. Using information gathered from
the Bi-Annual Bridge Appraisal in 2006 and the Condition Survey in 2009, it was
determined that PL-2 bathers on both north and south sides are in good condition and
still satisfy bather performance level requirements in CAN CSA-S6-06, Clause 12.4.

7. DISCUSSION & RECOMMENDATIONS
The results of the evaluation suggest that the CNR Overpass is theoretically adequate in
bending moment and shear. Furthermore, the barrier wall currently conforms to current
MTO standards and is reported to be in good condition.

The response of the structures to live load was also evaluated to determine the feasibility
of increasing the concrete slab thickness from 178 mm to 225 mm with an asphalt
thickness of 90 mm. Results of the analysis indicate that an increased deck slab thickness
of 225mm is feasible for the future widening of each overhead structure to carry three (3)
traffic lanes.

In sunmiary, the structural evaluation found that the pre-stressed girder structures have
adequate load capacity and may be incorporated into the widening of Dundas Street
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Regional Municipality of Halton
Dundas Street Over CN Railways (King’s Hwy. No.5)

CNR Overhead Structure
Structural Evaluation Report

CNR Overhead Structure, Dundas Street Over CN Railways
0.50 km East of Appleby Line

KEY PLAN
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Dundas Street Over CN Railways (King’s Hwy No.5) Stmctural Evaluation Report
The Regional Municipality of Halton CNR Overhead Stmoture

RUN #1: END SPAN, INTERIOR GIRDER, 3 LANES LOADED

ULSI calculated using Section 3 design load factors. I
x/L Mmaxt Mmint MmaxR MminR IMr/Mf I Vmaxt Vminc VmaxR VminR IVrNf I

kNm kNm kNm kNm kN kN kN kN
u.0 977 223 1209 1209 1.24
0.1 827 162 919 919 1.11
0.2 669 66 773 773 1.16
0.3
0.4
0.5 3868 1031 5308 5308 1.37

RUN #4: MAIN SPAN, EXTERIOR GIRDER, 3 LANES LOADED

I ULSI Results, calculated using Section 3 design load factors.

0.0 -75 -127 -1843 -1843 14.50 1209 1209 1.22
0.1 1497 334 4559 4559 3.05 822 158 919 919 1.12
0.2 2552 628 4833 4833 1.89 665 63 773 773 1.16
0.3 3349 838 5105 5105 1.52 522 -34 728 -661 1.39
0.4 3763 966 5293 5293 1.41 380 -138 503 -624 1.32
0.5 3843 1012 5293 5293 1.38 241 -241 569 -624 2.36

ULSI Results, calculated using Section 3
xIL Mma,<c Mmmi Mmax,R Mmin,R MI/MD Vmaxm Vmmnf Vmax,R VmmnR IVr/Vf I

kNm kNm kNm kNm kN kN kN kN
0.0
0.1
0.2

1.0
0.5

load factors.

2071

784 162 1206
661 103 842
538 28 713

446 3368 3368 1.63

1206
842
713

1.54
1.27
1.33

784 157 1057 1206 1.35

RUN #2: END SPAN, EXTERIOR GIRDER, 3 LANES LOADED

I I ULSI Results, calculated using Section 3 design load factors.

0.0 779 159 1206 1206 1.55
0.1 658 100 842 842 1.28
0.2 536 26 713 713 1.33

1.0 779 154 1059 1206 1.36
0.5 2057 436 3358 3358 1.63

RUN #3: MAIN SPAN, INTERIOR GIRDER, 3 LANES LOADED
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The Regional Municipality of Halton CNR Overhead Structure
Dundas Street Over CN Railways (Kim’s Hwy No.5) Structural Evaluation Report

CNR OVERHEAD STRUCTURE: CANBAS IKODES

CANBAS IKODE 35: Shear@xILl.O for End Span Girder (Run 9)

CL.8.9.3.1 I Longitudinal reinforcement on the flexural tension side
Longitudinal reinforcement on the flexural tension side shall be proportioned so that at all sections the
factored resistance of the reinforcement, taking account of the stress that can be developed in this
reinforcement, is greater than or equal to F,4 calculated as follows:

F~ =.~L±O.5N,+(V,_O.M.c_V~)cotO

where M,and V,are taken as positive quantities and N,is positive for axial tension and negative for axial
compression. In this equation, ci, may be taken as the flexural lever arm at the factored resistance.

CL.8.9.3.12 Longitudinal reinforcement on the flexural compression side
Longitudinal reinforcement on the flexural compression side of the section shall be proportioned so that
the factored tensile resistance of this reinforcement, taking account of the stress that can be developed in
this reinforcement, shall be greater than or equal to the force F,€, calculated as follows:

f~c =0SN1+(VF_.OSV~—V,jcoW—-~--

where M,and V,are taken as positive quantities and Mis positive for axial tension and negative for axial
compression.

Discussion of IKODE 35:

The pre-stressed girders do not have any longitudinal reinforcement on the flexural tension side. Check if
the prestressed strands can handle F1~ at x/L1 .0:

Fi~ = 187.4[r]÷0.5*233.1 [C]+(814.4~0.5*885_0)cot 42°
= 70.85[T]+413.04[T]
= 483.89 kN [T]

Working force per girder after all losses including those due to creep and shrinkage of concrete of steel is
370.58 kips = 1648.42 kN. Therefore, longitudinal reinforcement on flexural tension side is not required.

The pre-stressed girders have longitudinal reinforcement on the flexural compression side. Check
adequacy of longitudinal reinforcement for Fic at xIL=1 .0:

F1~ = 0.5*233.1 [C]+(81 4.4~O.5*885~0)cot 42°-i 87.4[T]
Fh = -116.55+413.04-187.4
Fk = 109.09 kN Di

Tr = 4(0.95)(275MPa)(284mm2)
Tr = 296.78 kN

Therefore, longitudinal reinforcement on flexural compression side is adequate.

Lastly, since the span is simply supported, bending moment and shears should be similar at locations
xILO.0 and xIL=1 .0. Both ends of the girder are also designed to have the same number of prestressing
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Dundas Street Over CN Railways (King’s Hwy No.5) Structural Evaluation Report

strands and top girder rebar. However, CANBAS does not report problems with xIL=0.0, rather only with
xfL=1 .0. Thus, this violation may not be valid.

CANBAS IKODE 36: Stirrup spacing = 305mm ~ various locations

8.14.6 Maximum spacing of reinforcement for shear and torsion
If Vf is less than or equal to (0.10 p~f~’b~ d~+ V~) and T,is less than or equal to 0.25Tcr, the spacing of the
transverse reinforcement, s, measured in the longitudinal direction, shall not exceed the lesser of 600 mm
or 0.75d~.

If Vf exceeds (0.10 Ø~f~’b~ d~ + Vp), or if Tf exceeds 0.25T~ s shall not exceed the lesser of 300 mm or
0.33d~.

The spacing of the transverse reinforcement, s, measured in the longitudinal direction shall not exceed
the lesser of
(a) 600 mm or O.75d~ if the nominal shear stress is less than 0.1 0Ø~ fe’; and
(b) 300 mm or 0.33d~ if the nominal shear stress equals or exceeds 0.1 0Ø~f~’.

The spacing of longitudinal bars for torsion distributed around the perimeter of the stirrups shall not
exceed 300 mm. At least one longitudinal bar with a diameter not less than 0.06 times the spacing of the
stirrups and not smaller than I SM shall be placed inside each corner of the closed stirrups. The corner
bars shall be anchored in sccordance with Clause 8.15.2 or 8.15.5.

Discussion of IKODE 36:
Since the girder locations in violation of CAN/CSA-S6-06, Cl. 8.14.6 have a stirrup spacing of 305 mm
instead of 300 mm, it is considered a minor discrepancy and not a cause for concern.

CANBAS IKODE 40: ~ xIL=0.10 & others, End Span, Interior Girder (Run 9)

8.9.5.1 General
A crack shall be assumed to occur along the shear plane and the relative displacement shall be
considered to be resisted by cohesion and friction maintained by the shear-friction reinforcement crossing
the crack.

In lieu of more detailed calculations, the shear resistance of the plane, v, may be calculated as
Øc (c ÷ pa), but v shall not exceed O.2SØc fc’ or 6.5 MPa. candy shall be as specified in Clause 8.9.5.2
and a shall be as specified in Clause 8.9.5.3.

8.9.5.2 Values of c and p
8.9.5.2.1
The following values shall be taken for a and p in Clause 8.9.5.1:
(a) For concrete placed against hardened concrete, with the surface clean and free of laitance but not
intentionally roughened, a shall equal 0.25 MPa andy shall equal 0.6OAi.
(b) For concrete placed against hardened concrete, with the surface clean and free of laitance and
intentionally roughened to a full amplitude of about 5 mm and a spacing of about 15 mm, a shall equal
0.50 MPa andy shall equal 1.00k.
(c) For concrete placed monolithically, a shall equal 1.00 MPa andy shall equal 1.40k.
The values of Ai shall be as specified in Clause 8.9.5.2.2.
8.9.5.2.2 Values of A i
The values of Ai shall be as follows:
(a) normal-density concrete: 1;
(b) semi-low-density concrete: 0.85; and
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(c) low-density concrete: 0.75.

8.9.5.3 Value of a
The value of a in Clause 8.9.5.1 shall be calculated as follows:

4,

where

= &

Discussion of IKODE 40:

Calculate shear resistance of the plane, v, @ xIL=0.1 0, End Span, Interior Girder and check for adequacy
against shear stress.

f’~= 34.5MPa for prestressed girders
f= 27.6MPa for deck slab

For surface intentionally roughened, c0.5OMPa; i=1 •oo2~I
2~=1 .00 for normal density concrete

v = 0.75(0.5OMPa+a) cmin{0.25*0.75*27.6MPa,6.5MPa}
<5.175MPa

= p~f~,+N/A~
a = fy*Avr/Acv + N/A~~

where f~ = 275MPa
= area of concrete resisting shear transfer = sb
= area of shear friction rebar = 258 mm2 at xIL=0.1 0

v = shear resistance of shear friction plane
N = unfactored permanent load normal to the interface area

s = 228.6mm co (deck slab) = 13.165 kN/m fort = 225mm
b = 406.4mm co (asphalt) = 5.157 kN/m fort = 90 mm
~ = 92903.04 mm2 2w = 18.322 kN/m

N = 2co(L12-x)
N = 18.322kN/m(12.192m/2-1.2192m)
N = 89.35kN

a = 27SMPa*258/92903.04 ÷ 89.35kNI92903.04mm2
a = 0.764MPa + 0.962MPa

v = 0.75(0.50 + 0.764 ÷ 0.962)MPa
v = 1669.5 kPa @ xIL=0.10, End Span, Interior Girder, rehab. Scenario
CANBAS results give v = 981 MPa.

Let ‘r denote interface shear stress.

McCORMICK RANKIN CORPORATION November2009 Appendix C



The Regional Municipality of Halton CNR Overhead Structure
Dundas Street Over CN Railways (King’s Hwy No.5) Structural Evaluation Report
Vf = 563 kN {from CANBAS Run 9 results}
Q = (225mm)(2422mm)(22512+184mm) = 1.6158 x 108mm3
1= 171162 x 106 mm4

= 563 kN xl .6158 x 108mm31(l 71162 x 106 mm4 x 406.4mm)
t=1307.8kPa

= V~O/(Ib) = 1276 kN {from CANBAS Run 9 results}

Thus, according to hand calculations, v > r, indicating that reinforcement provided for the interface shear
transfer is adequate.

McCORMICK RANKIN CORPORATION November 2009 Appendix C
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