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Statement of Qualifications and Limitations

© 2008 Totten Sims Hubicki Associates (1997) Limited ALL RIGHTS RESERVED THIS DOCUMENT IS PROTECTED BY
COPYRIGHT AND TRADE SECRET LAW AND MAY NOT BE REPRODUCED IN ANY MANNER, OR FOR ANY PURPOSE,
EXCEPT BY WRITTEN PERMISSION OF Totten Sims Hubicki Associates (1997) Limited."”

The attached Report (the “Report”) has been prepared by Totten Sims Hubicki Associates (1997) Limited doing business
as AECOM (“AECOM”) for the benefit of Ministry of transportation, Central Region (“Client”) in accordance with the
agreement between AECOM and Client (the “Agreement”).

The information, data, recommendations and conclusions contained in the Report:
= are subject to the budgetary, time and other constraints and limitations in the Agreement and the qualifications
contained in the Report (the “Limitations”)

= represent AECOM’s professional judgement in light of the Limitations and industry standards for the preparation

of similar reports
=  may be based on information provided to AECOM which has not been independently verified
. have not been updated
. must be read as a whole and sections thereof should not be read out of such context

= were prepared for the specific purposes described in the Report and the Agreement and must not be used for any

other purpose whatsoever
Unless expressly stated to the contrary in the Report or the Agreement, AECOM:
= shall not be responsible for any events or circumstances that may have occurred since the date on which the
Report was prepared or for any inaccuracies contained in information that was provided to AECOM

. makes no guarantees or warranties whatsoever, whether express or implied, with respect to the Report or any

part thereof, other than that the Report represents AECOM'’s professional judgement as described above

= shall not be deemed to have represented that the Report or any part thereof is exhaustive or applicable to any

specific use other than that described in the Report and the Agreement

Except as required by law or otherwise agreed by AECOM and Client, the Report:

= is to be treated as confidential
= may not be used or relied upon by third parties

Except as described above, AECOM denies any liability in respect of the Report or parts thereof and shall not be

responsible for any damages arising from use of the Report or parts thereof.
This Disclaimer is attached to and forms part of the Report.

THIS DOCUMENTATION IS SUPPLIED TO MTO-Central Region BY AECOM AND CONSTITUTES CONFIDENTIAL TRADE
SECRETS, OR COMMERCIAL, FINANCIAL, SCIENTIFIC, OR TECHNICAL INFORMATION. THIS DOCUMENTATION IS
SUBMITTED TO MTO-Central Region IN CONFIDENCE. IT HAS SIGNIFICANT ECONOMIC VALUE TO AECOM AND ITS
DISCLOSURE, WITHOUT THE EXPRESS CONSENT OF AECOM, COULD REASONABLY BE EXPECTED TO LEAD TO
SIGNIFICANT AND UNDUE FINANCIAL AND OTHER HARM TO AECOM, INCLUDING HARM TO AECOM'S COMPETITIVE
AND NEGOTIATING POSITIONS, AND UNDUE FINANCIAL GAIN TO ONE OR MORE THIRD PARTIES.
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Please advise if we could be of further assistance in the above regards.

Sincerely,
Totten Sims Hubicki Associates (1997) Limited doing business as AECOM

David LeBlanc, M.Eng., P.Eng.
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Executive Summary

AECOM was retained by IBI Group to investigate and confirm the feasibility of implementing a Light Rapid Transit
(LRT) right-of-way (ROW) on the existing bridges located along the preferred alignment for Scarborough Malvern
line, specifically addressing the structural adequacy of the structure, as well as long term maintenance and
operational requirements. The intent is upon confirmation of the feasibility of the LRT ROW implementation on the
structure, to obtain approval from federal, municipal and railway authorities during the environmental assessment
phase in order to move forward with the project. It is recognized that that there are various design and contractual
arrangements to be addressed in the subsequent project phases, and the TTC is committed to working with the
authorities on these issues.

The preferred alignment is from Eglinton-Kennedy Station to Kingston Road; Kingston Road-Eglinton Avenue to
Morningside Avenue; Morningside Avenue-Kingston Road to Sheppard Avenue; Neilson Road-Sheppard Avenue
to Malvern Town. This alignment involves 4 overpass structures and one Subway structure as listed below:

Eglinton Avenue — CNR Overpass
Eglinton Avenue East — CNR Subway
Kingston Road — CNR Overpass
Morningside Avenue over Highland Creek
Morningside Avenue over Highway 401

An assessment of the existing overpass structures have been carried out to determine if it can accommodate the
proposed Scarborough - Malvern LRT designated ROW, including two lanes of traffic in each direction. The
findings indicate that the new LRT ROW and two traffic lanes can be accommodated on all the existing structures
without a need for deck widening, with the exception of the Morningside Avenue over Highland creek structure,
which will require widening or a new structure

A detailed structural evaluation for the Highway 401 — Morningside Avenue Underpass structure was prepared for
review by the Ministry of Transportation, Ontario as they have jurisdiction over this structure. The results of the
evaluation indicate that it is feasible to accommodate the proposed LRT ROW on the structure, without a need for
deck widening. The girders could be strengthened to accommodate the additional load from a conventional
concrete track bed, or alternatively a light weight track bed could be considered for the LRT.

A detailed structural evaluation was also undertaken to investigate effects of additional loads due to LRT and its
accessories for Eglinton Avenue — CNR Overpass indicate that it is feasible to accommodate the proposed LRT
right-of-way on the Eglinton Avenue — CNR Overhead structure, without a need for deck widening. The structure
has adequate capacity to accommodate LRT loads in conjunction with the use of a light weight material for the
track bed.

Summary of General Structural Findings

1. Impact of LRT loading and geometry
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In general the overpass structures have sufficient deck width to accommodate the proposed LRT tracks with
litle modification, with the exception of the Morningside Avenue bridge over Highland Creek as discussed
below. The weight of the proposed LRT vehicle is slightly less than standard CHBDC vehicle loading, and the
existing bridges will have adequate capacity to support the vehicular load due to the LRT vehicle.
Strengthening of the bridges may however be required due to additional loads from the trackwork, overhead
poles, rail breakage forces, and other items required to accommodate the LRT trackwork.

2. Track Bed Infill for Overpass Structures

The additional surcharge due to a concrete infill slab for the LRT track may necessitate strengthening of the
existing structures. The increase in moment due to superimposed track bed dead load and LRT live load over
the CL625-Ont live load ranges from 40 to 70% and the increase in shear force ranges from 16 to 50%. It may
be feasible to use a light weight polymer infill for the trackbed, which may reduce or eliminate the need to
strengthen the bridges. Another alternative would be to fix the rails directly to the concrete deck.

3. Expansion joints at structure locations

Expansion joints will preferable be located at the two ends of the structure, providing the grade at the joint
location is generally flat. The effects of structure movement on the continuous welded rail, and rail breakage
effects, will need to be accounted for during the detailed design process.

4. Longitudinal slope of road way

The maximum allowable slope permitted for the new LRT vehicle is 5%. The longitudinal slope of 5.2% at
Eglinton Avenue Overhead — CNR marginally exceeds this limit.

5. Eglinton Avenue - CNR Subway (at Bellamy)

The available vertical clearance at this structure is 4.65 m, less than the preferred vertical clearance of 4.7 m.
The reduced vertical clearance will require TTC approval. Alternatively, lowering of the track bed at the
structure location could be considered, however it is not a preferred alternative due to proximity of the footing
to the top of the road. The additional surcharge due to live load and impact effects on the existing footings will
need to be further reviewed during future studies.

6. Morningside Avenue over Highway 401

A detailed structural evaluation for the Highway 401 — Morningside Avenue Underpass structure was prepared for
review by the Ministry of Transportation, Ontario as they have jurisdiction over this structure. The results of the
evaluation indicate that it is feasible to accommodate the proposed LRT ROW on the structure, without a need for
deck widening. The girders could be strengthened to accommodate the additional load from a conventional
concrete track bed, or alternatively a light weight track bed could be considered for the LRT.

5. Eglinton Avenue - CNR Overhead (at Kennedy)

! AECOM

Wrap up report 18FEBO09.doc - i -

A detailed structural evaluation was also undertaken to investigate effects of additional loads due to LRT and its
accessories for Eglinton Avenue — CNR Overpass indicate that it is feasible to accommodate the proposed LRT
right-of-way on the Eglinton Avenue — CNR Overhead structure, without a need for deck widening. The structure
has adequate capacity to accommodate LRT loads in conjunction with the use of a light weight material for the
track bed.
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1. INTRODUCTION

AECOM was retained by IBI Group to investigate and confirm the feasibility of implementing a Light Rapid Transit
(LRT) right-of-way (ROW) on the existing bridges located along the preferred alignment for Scarborough Malvern
line, specifically addressing the structural adequacy of the structure, as well as long term maintenance and
operational requirements. The intent is upon confirmation of the feasibility of the LRT ROW implementation on the
structure, to obtain approval from federal, municipal and railway authorities during the environmental assessment
phase in order to move forward with the project. It is recognized that that there are various design and contractual
arrangements to be addressed in the subsequent project phases, and the TTC is committed to working with the
authorities on these issues.

The preferred alignment (see Figure — 1) is from Eglinton-Kennedy Station to Kingston Road; Kingston Road-
Eglinton Avenue to Morningside Avenue; Morningside Avenue-Kingston Road to Sheppard Avenue; Neilson
Road-Sheppard Avenue to Malvern Town. This alignment involves 4 overpass structures and one Subway
structure as listed below:

Eglinton Avenue — CNR Overpass
Eglinton Avenue East — CNR Subway
Kingston Road — CNR Overpass
Morningside Avenue over Highland Creek
Morningside Avenue over Highway 401

Wrap up report 18FEB09.doc/23/02/2009 -1-
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2. EXISTING CONDITIONS

The General Arrangement drawing of the existing structures are presented in Appendix A.

1Bl Group AEEU‘M

Scarborough Malvern Light Rail Transit Environmental Assessment — Bridge Review

A site visit was undertaken by AECOM to confirm the existing structural arrangements and photographs were
taken which are presented in Appendix B for records.

List of photographs:

Eglinton Avenue East — CNR subway (at Bellamy)

Picture 1: East Elevation
Picture 2: West Elevation
Picture 3: East Approach
Picture 4: West approach

Kingston Road — CNR Overhead

Picture 5: Looking North at the structure
Picture 6: South approach
Picture 7: Looking South at the structure
Picture 8: North approach

Morningside Avenue over Highland Creek

hmaun b Rd

Picture 9: East Elevation

Picture 10: West Elevation

Picture 11: Looking South at structure
Picture 12: Northapproach

Picture 13: Looking North at structure
Picture 14: Southapproach

|
|
;

Figure 1 - Preferred Alignment and Structure Locations Morningside Avenue over Highway 401
_2-
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Picture 15: East Elevation
Picture 16: West Elevation
Picture 17: Looking South at structure
Picture 18: Northapproach
Picture 19: Looking North at structure
Picture 20: Southapproach
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3. STRUCTURE GEOMETRY

The proposed general arrangement drawings are presented in Appendix C and are summarized in Table 1 (on
following page)

1. Eglinton Avenue — CNR Overhead (Uxbridge Subdivision, Mile. 59.40)

= Width of the bridge deck from gutter to gutter is 24.383m, including a 1.220m median, which is a part of the
bridge deck structure.

= There are 3 lanes in each direction.

= The maximum longitudinal slope of the bridge is 5.2%, is more than assumed maximum slope of 5 % for
the new LRT Vehicle.

The existing bridge can accommodate the required horizontal clearance for the 2 lanes of traffic eachway and the
new LRT designated right-of-way configuration without widening.

2. Eglinton Avenue - CNR Subway at Bellamy (Oshawa Subdivision, Mile. 323.18)

= The width of the roadway under the bridge from gutter to gutter is approximately 31.700m, including a
2.438m median. There is 1.524m wide pier column located within the median.

= There are 3 lanes in each direction.

= The maximum longitudinal slope of Eglinton Avenue below the bridge structure is 5%, which satisfies the

assumed maximum slope of 5% for the new LRT Vehicle.

The existing bridge can accommodate the required horizontal clearance for the 2 lanes of traffic each way and the
new LRT designated right-of-way configuration.

3. Kingston Road — CNR Overhead (Kingston Subdivision, Mile. 321.45)

= Width of the bridge deck from gutter to gutter is 24.690m including a 1.530m median.

There are 3 lanes in each direction.

The maximum longitudinal slope of the bridge is 4.9%, which satisfies the assumed maximum slope of 5%
for the new LRT Vehicle.

The existing bridge can accommodate the required horizontal clearance for the 2 lanes of traffic eachway and the
new LRT designated right-of-way configuration.

4. Morningside Avenue over Highland Creek

Width of the bridge deck from gutter to gutter is 15.240m. There is no median.

There are 2 lanes in each direction.

The maximum longitudinal slope of the bridge is 5%, which satisfies the assumed maximum slope of 5% for
the new LRT Vehicle.

The existing bridge cannot accommodate the required horizontal clearance for the 2 lanes of traffic each way and
the new LRT designated right-of-way configuration. The structure is needed to be widened and a east side
widening is preferred for as the west side has more environmental constraints

Wrap up report 18FEB09.doc/23/02/2009 -4 -
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The existing structure is a 6 span 173.75m (approx.) long structure constructed in 1963. The superstructure
consists of 19.508 wide cast-in-place (CIP) reinforced concrete deck composite with with 9 precast prestressed
concrete girder (CPCI type 1V). The superstructure is supported on conventional CIP reinforced concrete piers
and abutments. Structure is provided with expansion joints at Pier 3 and North abutment. At present the existing
structure carries 2 lanes of north bound traffic and 2 lanes of south bound traffic without median. Raised concrete
sidewalks are provided on both the east and west side of the structure.

For the structure widening following 5 alternatives were considered:

Option 1A LRT right of way (ROW) at the median with east side structure widening.

Option 1B LRT ROW at the median with east side structure widening and with bicycle lanes

Option 2A LRT ROW on the east side with east side structure widening

Option 2B LRT ROW on the east side with east side structure widening and with bicyle lanes

Option 2C Separate dedicated structure for the LRT ROW and structure widening to accommodate the
bicycle lanes.

Due to the environmental concerns on the west side widening on this side was not considered.
In our cost comparisons we have not included the cost for track bed construction as it is common to all options.
The differences in the cost of approach road works are to be taken in to consideration while deciding on the final

choice of the structure.

The General Arrangement drawing for the various options are provided in Appendix C

OPTION 1A: LRT ROW at median and with bicycle lanes

For this alternative, the existing structures would be widened by 7.492m to accommodate the proposed LRT
Right of way at the median. This will require additional girders and widening of superstructure, substructure
and foundations to support the widened superstructure. Structural system will be similar to the existing
structure.

Construction will be carried out in 2 stages:

e Stage 1: Construct the structure widening while maintaining 2 lanes of traffic in both north and south
direction on the original structure.
e Stage 2: Divert the north bound traffic to the new widened structure and construct LRT track bed.

This will involve extensive traffic staging works and roadway protection works for the construction of
abutments.

The estimated cost for this alternative is $5.40 million.

7IBl Group l J\_EEUM
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OPTION 1B: LRT ROW at median and without bicycle lanes
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This alternative is similar to Option 1A except for reduced area of deck widening due to the elimination of
bicycle lanes.

The estimated cost for this alternative is $4.55 million.

OPTION 2A: LRT ROW on the east side and with bicycle lanes

For this alternative, the existing structures would be widened by 11.312m to accommodate the proposed LRT
Right of way on the east side. This will require additional girders and widening of superstructure, substructure
and foundations to support the widened superstructure. Structural system will be similar to the existing
structure.

Construction will be carried out in a single stage, while maintaining 2 lanes of traffic in both north and south
direction on the original structure.

This will involve minimum traffic staging works and roadway protection works for the construction of
abutments.

The estimated cost for this alternative is $6.25 million.

OPTION 2B: LRT ROW on the east side and without bicycle lanes

This alternative is similar to Option 2A except for reduced area of deck widening due to the elimination of
bicycle lanes.

The cost estimate for this alternative is $5.40 million.

OPTION 2C: LRT ROW on the east side on separate structure and with addition of bicycle lanes on the
original structure

The new structure in this option can be constructed without affecting the existing traffic conditions
significantly. Minimal traffic staging works and roadway protection works will be required during construction
for widening the deck due to addition of bicycle lanes.

The cost estimate for this alternative is $6.45 million.

Recommendations

The least cost alternative is Option 1B, with a value of $4.55 million, which consists of widening the structure on
east side with the LRT ROW in the median. This alternative, however does not allow for bicycle lanes.

Wrap up report 18FEB09.doc/23/02/2009 -7-
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If the bicycle lanes are required the least cost alternative will be Option 1A, which consists of widening the
structure on east side with the LRT ROW in the median.

5. Morningside Avenue over Highway 401

= The width of the roadway under the bridge from gutter to gutter is approximately 31.000m There is no
median.

= There are 2 lanes in each direction and also 1 South bound merging lane.

= The maximum longitudinal slope of the bridge structure is 3.5%, which satisfies the assumed maximum

slope of 5% for the new LRT Vehicle.

The existing bridge can accommodate the required horizontal clearance for the 2 lanes of traffic eachway and the
new LRT designated right-of-way configuration.

4, STRUCTURAL ASSESSMENT

A structural assessment has been carried out to determine if the existing bridges can accommodate the proposed
LRT loading.

The design loads that the existing structure has been evaluated include the following:

Dead Loads:
The dead loads due to deck, sidewalk, parapet walls with handrails, asphalt wearing surface, and light poles.

Live Loads:

The original design live loads were based on AASHTO HS 25 load. While investigating the structure for the
suitability of carrying the LRT vehicle, we have also investigated for the requirements of the current Canadian
Highway Bridge Design Code (CHBDC) CAN/CSA — S6-06 and CL-625-ONT Truck load of 625 kN.

Other Loads:
Other loads that need to be considered in the design of the structure include secondary loads due to post-
tensioning, thermal, wind, braking etc. as specified in the code.

A structural assessment of the existing bridges has been carried for the following load conditions:

AASHTO HS25 Truck (where original structure has been designed for this load)

CHBDC CAN/CSA - S6-06 CL-625-ONT Truck

Proposed LRT Live load and additional loads due to conventional trackbed & accessories
Proposed LRT Live load and additional loads due to lightweight trackbed & accessories

The results of the structural evaluation are summarized in Table 2 (at the end of this Section). The table indicates
the increase in bending moment and shear forces due to LRT and track bed loads over the current design live
loads under service load limit states (SLS). The loads acting on substructure and foundation are expected to
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increase in the range of 5 to 10%, similar to increase in support reactions/ shear forces in the deck, if a
conventional concrete trackbed is adopted. It is unlikely that strengthening of the foundations will be required for
this additional load, however, underpinning methods are available to strengthen the capacity of existing abutment
and pier footings, if necessary.

The results of the structural evaluation indicates that if a light-weight polymer infill with a unit weight in the order of
2 to 4 kN/m3 is provided for the track bed , strengthening of superstructure and substructure will not be required.
It should be noted that, the TTC are investigating this technique for several bridges in the City of Toronto for the
Transit City program.

A further option which could be considered would be to fix the rails directly to the concrete deck and eliminate the
trackbed, in which case the structure is subjected to loads similar to that of the existing structure. However there
are numerous maintenance and durability issues associated with fixing the rails directly to the deck, which could
compromise the long term life of the structure, and this alternative is not recommended for further consideration.
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10/1Bl Group AEC{]M

Scarborough Malvern Light Rail Transit Environmental Assessment — Bridge Review

Poject | SCARBOROUGH WAL VERN LITT LA Pt Fm - A3 THEHE
Clmbw - Masguand B, JO0E
Pkl 3
sy Dwiige Fevmes thar o . [mmige Fooces Dl 10
[ CLam-OWT | CLAS-ONT | LT | CLATONT | CL-asonT AT Trach e
Egeibm Averum Lz - TRl GG
LT iTin RILT TR | e TN =L
Tr— in = r—="1 - T e
Ligimesau Pt A0 (Y. ]
|t s Phizn Lad i3
(Fgalkon Floacd - CMP Dyvorpaii
] = =T ] TOEE] T L 4 1
B Al P A B "L RS
Flamg | ous [T
Sima st * B 108
i Wil & wrwm Pinctger st dlgriarst £ v |
u_'.-.' AT | TiFE] BT [ I TE] 1047 3
S0 47 LW B 1% 73 TR T K] i [71 Wt
115 L.
141 1.
Db gais M trme gy
[Nt di " T 1 1 G 4
) ] T i
(Fil Ry ||
1 88 vAT |
Pt
P, Riomagey Rang = Desiy s ik o u]nrrf.umm-r.q-um.pl.lm_...-r;c-s.-_mjw
£ N Mafe) = Dasge Shas' Foes (381 dow o LT Tk Blat baieg | Diniilgn Sheer Forca (5F] i %0 £ O sng
Lastagn: Fodmd S SRALGOA i 1P Swez oo

Table 2

Wrap up report 18FEB09.doc/23/02/2009

111Bl Group AEC{]M

Scarborough Malvern Light Rail Transit Environmental Assessment — Bridge Review

5. MISCELLANEOUS STRUCTURAL DETAILS

There are a number of details associated with the LRT ROW which will require modification of the existing
structure, and which will need to be detailed during the design phases of the project. A preliminary assessment of
the impact of the LRT ROW on the structure has been carried out, and the following items will need to be
addressed:

e Poles will be required on the deck to provide overhead power for the LRT. The forces due to poles
supporting the catenaries will induce primarily localized effects. Pedestals and connections to deck
slab will need to be provided and detailed appropriately.

e Expansion joints will need to be provided to minimize the effect of movement of the structure on the
continuous welded rail. Expansion can be accommodated through combinations of rail anchors and
bolted joints allowing for limited movements or special proprietary rail expansion joints.

e Protection of the structures and its components from corrosion due to stray currents should be
provided by appropriate method of grounding or coating of reinforcement or insulating with a
membrane below the trackbed.

e Proper detailing of waterproofing and paving where it abuts the LRT trackbed will be required to
maintain the long term durability of the deck.

e The existing structure does not have deck drains. As the existing roadway is on a symmetrical crest
curve, deck drains could be provided if necessary on the bridge structure, to provide adequate
drainage of the LRT right-of-way.

The above identified miscellaneous structural details can be addressed with standard techniques that have been
adopted elsewhere, and will be fully investigated during the preliminary and detail design phases of the project.
The TTC is committed to working with City of Toronto and other authorities on these issues.

Long term maintenance and rehabilitation of the bridge deck and the LRT trackbed will be somewhat complicated
by the LRT right-of-way. There are a number of alternatives available, with the simplest being that a temporary
closure of the LRT ROW will be required during major rehabilitative works on the bridge, which extend for 4 to 6
months in duration, and local bus service be utilized. Alternatives and details will be developed in subsequent
project phases.
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Appendix A

General Arrangement Drawings — Existing Structure
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AECOM SITE PHOTOGRAPHS
EGLINTON AVENUE EAST - CNR SUBWAY (AT BELLAMY)

Appendix B

Photographs — Existing Structures

Pecture | = Enst Elevation

Photo 2 — West Elevation

Page |

(title pages.doc)



SITE PHOTOGRAPHS SITE PHOTOGRAPHS
EGLINTON AVENUE EAST - CNR SUBWAY (AT BELLAMY) RINGSTON ROAD - CUNR OVERPASS

Picture 3 = East Approach Preture 5 - Looking North ar Structure

Piciure 6 — South Approach
Photo 4 - West Approach

Page 2 Puge 3



SITE PHOTOGRAPHS SITE PHOTOGRAPHS
KRINGHTON ROAD - CNR OVERPASS MORNINGSIDE AVENUE BRIDGE OVER HIGHLAND CREEK

Picine 7 = Looking South ai Structure Phioto 9 = East Elevation

Pictune ¥ - Nonh Approach Photo 10

West Elevation

=
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SITE PHOTOGRAPHS SITE PHOTOGRAPHS
MORNINGSIDE AVENUE BRIDGE OVER HIGHLAND CREEK MORNINGSIDE AVENUE BRIDGE OVER HIGHLAND CREEK

Picture 11 -~ Looking South ot Strocture Picture 13 - Looking North ot Structure

Picture 12 - North Approach Picture 14 - South Approach

Page b Page 7



e 1 SITE PHOTOGRAPHS
MORNINGSIDE AVENUE BRIDGE OVER HIGHWAY 401 MURNINGSIDE AVENUE BRIDGE OVER HIGHWAY 401

Photo 15 - East Elevation Photo 17 - Looking South at Structure

Puint 16 — West Elevation Phato 18 = Morth Approach

Page 8 Page 9



SITE PHOTOGRAPHS
MORNINGSIDE AVENUE BRIDGE OVER HIGHWAY 401

\ »
|

\

i |

Picture 19 — Looking Morih 6f Struciune

Picture 20 - South Approach
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Appendix C

Proposed General Arrangement Drawings
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Executive Summary

AECOM was retained by IBI Group to investigate and confirm the feasibility of implementing a Light Rapid Transit
(LRT) right-of-way (ROW) on the Morningside Avenue structure over Highway 401, specifically addressing the
structural adequacy of the underpass structure, as well as long term maintenance and operational requirements.
The intent is upon confirmation of the feasibility of the LRT ROW implementation on the structure, to obtain
approval from the MTO during the environmental assessment phase in order to move forward with the project. It
is recognized that that there are various design and contractual arrangements to be addressed in the subsequent
project phases, and the TTC is committed to working with the MTO on these issues.

It is our understanding that this structure was designed to accommodate an ultimate 6-lane configuration for the
Morningside Avenue, and in the interim provide tapers on the south approach to pick-up and lose a lane, and on
the north approach have the additional lane develop and end at the intersection as a ramp lane and must right
turn lane respectively.

An assessment of the existing Highway 401 — Morningside Avenue underpass structure has been carried out to
determine if it can accommodate the proposed Scarborough - Malvern LRT designated ROW, including two lanes
of traffic in each direction. The findings indicate that the new LRT ROW and two ftraffic lanes can be
accommodated on the existing structure without a need for deck widening.

A detailed structural evaluation was also undertaken to investigate effects of additional loads due to LRT and its
accessories. The comparison between the CL-625-ONT truck load and the assumed new LRT vehicle load
shows that these loads are almost same. There is additional load on the bridge due to the weight of the LRT
trackbed. It is observed that a conventional reinforced concrete track bed will require strengthening of the steel
girders. The strengthening is required in the negative bending moment zones over the piers which could be
undertaken by strengthening the compression flanges with additional plates. Alternatively if the trackbed load is
reduced by use of light weight materials, the structure will be subjected to load effects similar or less than that due
to current CHBDC loading conditions.

There are a number of operational and maintenance features which will need to be accommodated for the new
LRT, including the provision of poles on the deck to power the trains, modifications to the waterproofing and
paving on the deck to accommodate the track bed, provision for drainage, provision for expansions joints in the
continuous rail. These considerations have been identified, and a number of standard techniques that have been
adopted elsewhere are available for investigation during the preliminary and detail design phases of the project.

Our findings indicate that it is feasible to accommodate the proposed LRT right-of-way on the Highway 401 -
Morningside Avenue underpass structure, without a need for deck widening. The girders could be strengthened
to accommodate the additional load from a conventional concrete bed, or alternatively a light weight material track
bed could be considered.
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2. EXISTING STRUCTURE

The existing structure, which was constructed in about 1988, is a 133.35 m long three span (40.0m, 57.35m,
36.0m) structural steel trapezoidal box girder bridge with a 225 mm thick cast-in-place concrete deck and 90mm
thick waterproofing and asphalt wearing surface. The bridge superstructure is supported on cast-in-place
reinforced concrete abutments and piers founded on footings and constructed at normal to the road alignment.

The General Arrangement drawing of the existing structure is provided in Appendix A.

3. EXISTING CROSS SECTION

The cross section of the existing structure consists of the following:

East Barrier wall 0.450 m
Sidewalk 2.000 m
Ramp Lane Varies
Traffic Lanes 3 x 3.500m
Median 2.000 m
Traffic Lanes 3 x 3.500m
Ramp Lane Varies
Sidewalk 2.000 m
West Barrier wall 0.450 m

4, STRUCTURE GEOMETRY

It is our understanding that the Highway 401 — Morningside Underpass structure was originally designed to
accommodate an ultimate 6-lane configuration for Morningside Avenue, and in the interim provided tapers on the
south approach to pick-up and lose a lane, and on the north approach have the additional lane develop and end
at the intersection as a ramp lane and must right turn lane respectively.

A preliminary assessment of the existing bridge geometry has been carried out, indicating the following:

e The width of the roadway at the bridge from gutter to gutter is approximately 31.0 m, which includes a 1.20 m
wide median. The bridge can accommodate the required horizontal clearance for the 2 lanes of traffic in each
and the new LRT designated right-of-way configuration. It is feasible to implement the LRT right-of-way
geometrically.

e There are 2 lanes and an auxiliary lane in each direction (as previously mentioned, the additional lane in each
direction was constructed to be consistent with the then planned ultimate 6-lane cross-section for Morningside
Avenue.

Structure Assessment Report 12DEC08.doc/15/12/2008 -2-
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e The maximum longitudinal slope of the bridge structure is 3.5%, which satisfies the assumed maximum slope
of 5% for the new LRT Vehicle.

A preliminary general arrangement drawing showing the proposed LRT configuration on the Morningside
Underpass structure is provided in Appendix B.

5. STRUCTURAL ASSESSMENT

The design loads that the existing structure has been designed to include the following:

Dead Loads:
The dead loads due to girder, deck, sidewalk, barrier walls, asphalt wearing surface, and light poles

Live Loads:

The original design live loads were based on Ontario Highway Bridge Design Code, 1983. While investigating the
structure for the suitability of carrying the LRT vehicle, we have considered the requirements of the current
Canadian Highway Bridge Design Code (CHBDC) CAN/CSA — S6-06. It is noted that the Gross load due to
OHBD Truck was 700 kN, compared to the CHBDC CL-625-ONT Truck load of 625 kN. While the overall truck
load has decreased in the most recent code, the new live load factor is higher than that specified in the OHBDC
1983.

Other Loads:
Other loads that need to be considered in the design of the structure include thermal, wind, braking etc. as
specified in the code.

A structural assessment of the existing bridge has been carried for the following load conditions:

e CHBDC CAN/CSA - S6-06 CL-625-ONT Truck
e Proposed LRT Live load and additional loads due to conventional trackbed & accessories
e Proposed LRT Live load and additional loads due to lightweight trackbed & accessories

The results of the structural evaluation are summarized in Appendix C, and indicate that the superstructure will
require strengthening if a conventional concrete trackbed is provided for the LRT. The results indicate the
ultimate limit state (ULS) moments under LRT loading with a conventional concrete trackbed increase by
approximately 15% in comparison with CHBDC loading for which the existing structures have been designed. The
extent of overloading for the structure is summarized in Table — 1. The loads acting on substructure and
foundation would be expected to increase by significantly less then this amount, in the range of 5 to 10%, if
conventional concrete trackbed is adopted. It is unlikely that strengthening of the foundations will be required for
this additional load, however, underpinning methods are available to strengthen the capacity of existing abutment
and pier footings, if necessary.

The results of the structural evaluation indicates that if a light-weight polymer infill with a unit weight in the order of
2 to 4 kN/m3 is provided for the trackbed, strengthening of superstructure and substructure strengthening will not

Structure Assessment Report 12DEC08.doc/15/12/2008 -3-
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be required. It should be noted that, the TTC are investigating this technique for several bridges in the City of
Toronto for the Transit City program.

A further option which could be considered would be to fix the rails directly to the concrete deck and eliminate the
trackbed, in which case the structure is subjected to loads similar to that of the existing structure. However there
are numerous maintenance and durability issues associated with fixing the rails directly to the deck, which could
compromise the long term life of the structure, and this alternative is not recommended for further consideration.

6. MISCELLANEOUS STRUCTURAL DETAILS

There are a number of details associated with the LRT ROW which will require modification of the existing
structure, and which will need to be detailed during the design phases of the project. A preliminary assessment of
the impact of the LRT ROW on the structure has been carried out, and the following items will need to be
addressed:

e Poles will be required on the deck to provide overhead power for the LRT. The forces due to poles
supporting the catenaries and light poles will induce primarily localized effects. Pedestals and
connections to deck slab will need to be provided and detailed appropriately.

e Expansion joints will need to be provided to minimize the effect of movement of the structure on the
continuous welded rail. Expansion can be accommodated through combinations of rail anchors and
bolted joints allowing for limited movements or special proprietary rail expansion joints.

e Ensure protection of structures and components from corrosion due to stray currents by appropriate
method of grounding or coating reinforcements or insulating with a membrane below the trackbed.

e Proper detailing of waterproofing and paving where it abuts the LRT trackbed will be required to
maintain the long term durability of the deck.

e As the existing roadway is on a symmetrical crest curve and the structure is approximately 134.2m
long this structure does not require deck drains. However adequate drainage of the LRT right-of-way
drainage will need to be addressed.

Long term maintenance and rehabilitation of the bridge deck and the LRT trackbed will be somewhat complicated
by the LRT right-of-way. There are a number of alternatives available, with the simplest being that a temporary
closure of the LRT ROW will be required during major rehabilitative works on the bridge, which extend for 4 to 6
months in duration, and local bus service be utilized. Alternatives and details will be developed in subsequent
project phases.

The above identified miscellaneous structural details can be addressed with standard techniques that have been
adopted elsewhere, and will be fully investigated during the preliminary and detail design phases of the project.
The TTC is committed to working with the MTO on these issues.
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e The maximum longitudinal slope of the bridge structure is 3.5%, which satisfies the assumed maximum slope
of 5% for the new LRT Vehicle.

A preliminary general arrangement drawing showing the proposed LRT configuration on the Morningside
Underpass structure is provided in Appendix B.

5. STRUCTURAL ASSESSMENT

The design loads that the existing structure has been designed to include the following:

Dead Loads:
The dead loads due to girder, deck, sidewalk, barrier walls, asphalt wearing surface, and light poles

Live Loads:

The original design live loads were based on Ontario Highway Bridge Design Code, 1983. While investigating the
structure for the suitability of carrying the LRT vehicle, we have considered the requirements of the current
Canadian Highway Bridge Design Code (CHBDC) CAN/CSA — S6-06. It is noted that the Gross load due to
OHBD Truck was 700 kN, compared to the CHBDC CL-625-ONT Truck load of 625 kN. While the overall truck
load has decreased in the most recent code, the new live load factor is higher than that specified in the OHBDC
1983.

Other Loads:
Other loads that need to be considered in the design of the structure include thermal, wind, braking etc. as
specified in the code.

A structural assessment of the existing bridge has been carried for the following load conditions:

e CHBDC CAN/CSA - S6-06 CL-625-ONT Truck
e Proposed LRT Live load and additional loads due to conventional trackbed & accessories
e Proposed LRT Live load and additional loads due to lightweight trackbed & accessories

The results of the structural evaluation are summarized in Appendix C, and indicate that the superstructure will
require strengthening if a conventional concrete trackbed is provided for the LRT. The results indicate the
ultimate limit state (ULS) moments under LRT loading with a conventional concrete trackbed increase by
approximately 15% in comparison with CHBDC loading for which the existing structures have been designed. The
extent of overloading for the structure is summarized in Table — 1. The loads acting on substructure and
foundation would be expected to increase by significantly less then this amount, in the range of 5 to 10%, if
conventional concrete trackbed is adopted. It is unlikely that strengthening of the foundations will be required for
this additional load, however, underpinning methods are available to strengthen the capacity of existing abutment
and pier footings, if necessary.

The results of the structural evaluation indicates that if a light-weight polymer infill with a unit weight in the order of
2 to 4 kN/m3 is provided for the trackbed, strengthening of superstructure and substructure strengthening will not
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Maximum (Minimum) Moment Forces of the Load Combinations:

/1Bl Group
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_ Positive moment, Unit:  KN.m
[Load Name | ULS1 | ULS2 | ULS3 | |Max.ULS| Mmaxihir ]
Location | ON-625 19559.6 | 19000.2 | 19000.2 1955068 | 49.7%
Ne. 2 LRT+Dack | 21506.48 21069.62 2106062 | 21506.5 | 54.7%
LRT+LWF | 178158 [ 17379.1 | 17379.1 178158 | 45.3%
Mr 39335.0
Negative Moment, Unit: _ KN.m
Load Name | ULST | ULSZ | ULS3 Max. ULS| Mmax/wr |
Localion | ON-G25 | -28190.7 | -28675.8 | -28675.8 | | -28675.8 | 93.5%
No. 3 LRT+Deck |-36004.32 -36512.83 -36512.83| | -36512.8 | 119.0%
LRT+LWF | -28353.0 | -288624 | -288624 | | -288624 | 94.1%
Mr -30683.0
_ _ Positive moment, Unit:  KN.m
Load Name | ULS1 | ULSZ | ULS3 Max. ULS] Mmax/Mr |
Location | ON-625 | 255856 | 248064 | 24896.4 25585.6 | 70.4%
|Me. 4 LRT+Deck | 31328.67 30753.11 30753.01 | 313287 | 86.2%
LRT+LWF | 24301.3 | 237257 | 237257 243013 | 66.8%
Mr 36361.0

Maximum [Minimum)} Shear Forces of the Load Combinations:

— = Force Unit: KN
Load Mama LULS1 ULS2 ULs3 Max. ULS| YmaxiVr
Location OM-625 2502 .5 2427.4 2427 .4 2502.5 81.0%
No. 1 LRT+Deck | 2052.344| 2B883.7 | 2883.7 29523 | B02%
| LRT+LWF | 24404 | B834.0 B34.0 24404 | 49.7%
Wr A807.0
— = Force Unit: KN
Load Name | ULS1 [ ULS2 | ULS3 Max. ULS| VmaxiVr
Location DON-625 39578 | 3B709 | 38708 3857.8 51.0%
No. 3 LET+Deck | 5008011 4924612 4924612 S008.0 G54.6%
LET+HLWF 28520 JB04.6 J908.6 3992.0 21.5%
Vr T755.4
Note: For locations of critical momenls and shears, see analysis model in Appendix - C.

be required. To be noted, the TTC are investigating this technique for several bridges in the City of Toronto for the
Transit City program.

A further option which could be considered would be to fix the rails directly to the concrete deck, in which case the
structure is subjected to loads similar to that of the existing structure. However there are numerous maintenance
and durability issues associated with fixing the rails directly to the deck, which could compromise the long term life
of the structure, and this alternative is not recommended for further consideration.

6. MISCELLANEOUS STRUCTURAL DETAILS

There are a number of details associated with the LRT ROW which will require modification of the existing
structure, and which will need to be detailed during the design phases of the project. A preliminary assessment of
the impact of the LRT ROW on the structure has been carried out, and the following items will need to be
addressed:

e Poles will be required on the deck to provide overhead power for the LRT. The forces due to poles
supporting the catenaries and light poles will induce primarily localized effects and pedestals and
connections to deck slab will need to be provided and detailed appropriately.

e Expansion joints will need to be provided to minimize the effect of movement of the structure on
continuous welded rail. Expansion can be accommodated through combinations of rail anchors and
bolted joints allowing for limited movements or special proprietary rail expansion joints.

e Ensure protection of structures and components from corrosion due to stray currents by appropriate
method of grounding or coating reinforcements or insulating with a membrane below the trackbed.

e Proper detailing of waterproofing and paving where it abuts the LRT trackbed will be required to
maintain the long term durability of the deck.

e As the existing roadway is on a symmetrical crest curve and the structure is approximately 134.2m
long this structure does not require deck drains. However adequate drainage of the LRT right-of-way
drainage will need to be addressed.

Long term maintenance and rehabilitation of the bridge deck and the LRT trackbed will be somewhat complicated
by the LRT right-of-way. There are a number of alternatives available, with the simplest being that a temporary
closure of the LRT ROW will be required during major rehabilitative works on the bridge, which extend for 4 to 6
months in duration, and local bus service be utilized. Alternatives and details will be developed in subsequent

project phases.

The above identified miscellaneous structural details can be addressed with standard techniques that have been
adopted elsewhere, and will be fully investigated during the preliminary and detail design phases of the project.
The TTC is committed to working with the MTO on these issues.
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General Arrangement Drawing — Existing Structure
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Appendix B

General Arrangement Drawing - Proposed Deck
Cross Section with LRT Tracks
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Appendix C

Details of Structural Evaluation
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Lpos = 06 L = 34410 mm
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LB = .85 18,65
= 18, theralore SBo =8 > 15, thiulern Bo =
Ba = 1575 mm 1625 mm
Theeedore, Bel = 1825 mm
Inderior2 ; Exlerior2:
B = 1575.00 mm B = 1E25.00 mm
LB = 2185 18,85
= 15, Thanloes Be =D = 15, ihanlorn Be= B
Bg = 1578 mm 1825 mm
Themlere, Be2 = 1E28 mm
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Flange widlh (inlarmal girder) =SS0 men 5057 o0 |for ssclicn proparty calculaions

Fm = S*MIF (14 CIF100) == 1,05
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for n =4, FeF /28 Fi=Florn=4

We= 37425 mm
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i = mn{We - 3330.8, 1) = 1,0
piedar spacing 5 = 6,150 m

owar hang = 1,850 m Facioe = 150
D= 1085 m
Fesie oment ]
[ ani-505 & LS
fig. A, 98] L= 2880 m
n=#
N = girders = 8
PR MLRF = RL = 0.550
a SR, = 0,733
F= Fd*n*RLrB
p= B.25
Exferiar Inberier
read Fd 10.125 m 10135 m
F= 15910 m 15.910m
Clm 350 % 3.50%
F{1+plin0d) = 0d = T8.46T m 16,467 m
Fm =5HI0d Z24im | 2341 m
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1 L= 1687 m
n=@
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lobin 184.F MLRF = RL = 0350
o =R = 0733
F= Fe"n"RLIZ.8
= B
Exterior Inbérior
g Fd 10,128 m 10AI5m
F= 15.910m 15910 m
Cf= 150 % 3.50 %
Fi1 100 =D0d = 16467 m 16,457 m
241 m | mﬂd‘il‘l
| B !Dist Faclor=e.Fm =] R4 | BT L L R
[ Spand-SL5 & LS
fig. A%, 1(a) Lt:mm
:"::
tablg B.BL4.2 MLRF & RL = 0,550
H = # gidprs = 6,000
& =M'R, = 0733
F = F4*'n*RL2.8
p= 92
Extarior Inbgrior
e Fd 11,753 m 11.7583m
F= 18.470 m 18.470m
Ci= L18% BI5%

F{14uCio0i=0d = 16576 m 19,876 m
[_Fm =SKibd 5 iBaTm | T84T m_

[ CDstFactor=aFm=[7: 136 . [ 13800

[ Shear for ULS & 5.8

ne g
MLRF = RL = 0.550
HN=§
o =R = 0,713
ForFéa=11.2 CL.&T1.8
F reduclion fecior = 1.00 CLET. 149
Fv=5'N/F
F= 17.600 m Taikhe 87140

I Fv= 2,000 |
[ DistFactoraaFvs 154 . . ]
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Composite Girder Moment Resistance - Section ©
Positive Momant Reglon si=ir = 17

b, B150 mm Mg = 30 MPa
b= 225 mm Ex = 24870 MPa
[ Tea— 14122 mm*2 Ezx = 200000 MPa
e 30 mm n m B.04
oy 2008 mm Fy = 350 MPa
COVe, =da= 78 mim fy= 400 MPa
bt 18 mim fc= 0.75
AT 128885 mm~2 5= 0ss
| T— 0.0 mm g 0.85
EHW‘E' EubE I
1) Assumed a = 225 mm SR chan s’ unill C1 = G2, bul a <= g™
C1 = Co+Ca = Total compression force
Com  DUBS"e'Mc'be™a = 25464 kN Cc =compression fofce i concrale in stab
8. = 1117 mm
Cam Ay Ty Ca = compression lofea in sleel neinforcement in slak
Cg & 4E25 kN
8, = 1152 mm
T —
C2 = ga°As"Fy = Tolal Tension Forea
C2=[4278ThkN _  |Compression < mma-m,m-n:mm‘j
NA s In tho stesl girder |

Momani Resistanco
HA s In tho Stosl Girder, NOT APPLICABLE |
M m[NIAT T  for a ull girder

ﬂhmdi-w“ R Start with @ > Ic S|

C = CorCa+C" = Tolal compression foice

Cew 0.85°%c e batlc = 26464 kN compression in concrele siab

.= 1434 mm

Co w e i'e iy compression In siesl reinlcrcemend
Ca = 4825 kN

8, = 1468 mm

C1=Cc+Ca= 31200 kN

= 0.5{§s"As"Fy - C1) compression forc In STEEL GIRDER
C'= 5T46 kN
?.. 18 mm

o = 1337 mm

e ETITEE LT

T= 45" -rmmm:mmmhmm
T=[3

depth of compression bock for stes saciion

Compression = Tanslon,a = o
NA Is In the flange of the Stec] Girdor]

Composie Girder momen Resistince Slael Box -hypical section (Sec, C) analyais
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Galculaling Cenjroid of Tension Structural Stpel

MomingsidoHighway 401

TOM 52008 2:34 Pid

HA Loz sl Foeam 5p glrder = 15imn
‘-Illrll-' 1 mm

P ® 1880 0
(r—h L

Depih of decticn of gadar in fanulon = 18888 ms

L
widlh = Z1ED0 mm 450.0 mm
thicknpss = 18.0 mm 10,8 mm
area = 30240.0 mm*2 A555.T mm*2
o {fram bat of girder) = 8.0 mm 18834 mm
d= G756 mm 12968 mm
e* 0= 1.1 mm?4 0.0 mm*d
Tenalon Ares of Glrder ® 110848 mn Y A
Wiy [hrom bog of secllon] = 13623 mm
¥ig Db Beod of sectine] & (888 mm
IS 119°8 = SUTTRS mene
El
WA Locslien from ke glder = 45 mm
Lt ™ V0.2 M % E
iy ™ 0.3 mem H
e (gl
D of pecios of prde I compeessian = 123 mm i
]
i &
width = 21800 mm width = 140 mm widlhe 4500 mm
Thichness = 0.0 mm werl, thickness = 0.0 mm thickness = 182 mm
F T 0.0 mm*2 inclined width=  14.0 mm area = BE40.3 mm*2
¥ic {from bod of girdar) = 0.0 mm irclined length = 0.0 mm Ye= 2.6 mm
d= 353 mm arsp® LD mmA2 d = =287 mm
e* 106 = 0.0 w4 Ye= 00 mm k" 10= 03mm*4
d= -35.3 mm
B= 0.00 rad
iD= 0.0 mmtd

Compr'n Area of Ginder = 23519.8 mm*2 F e
¥ ifrem tap ol pection| ® L1 mm

¥ig firem bot of secton] = 333 mm
i *9irt = 515500 mentd

Composila Girdar momenl Resislancs

Siowl Box -typical seclion (Sec. ) analysis
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SECTION C [ AT PIERS)
Momant Reslstancs
Mr= Cctac+Cs'es+C'%a’  ~****nole that Cc Is based on a = tc {from pan 1)

Mr =[BT kNm — |for full @ girder

Composite Girder Moment. Huhhnn-

[Negative Moment Region |

CL 10-10.53

[ For negathve momont roglon you can use the same llexural reslstance
as the naked girder alone [concrete in tenalon (in slab) has cracked and Is neglecisad)

Boe = 01080 m*3
S = 0.0023 "3

Mr flor a tull guﬂlt}lnnthmmmvcnmuim
306683 kWom: | Top Flangs - Tenslon

b= B kMN.m

L —

Composila Girder momant Resistantes Sdeel Box -bypicd sectian (Sec. C) analysis

TAE008 2:24 PM
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Marningaidel Highway 401

ShearDesign=CLI0=9:640 = Tl i phie ":5;._

3- Design - End Panel

Transverse Intermediate E-tll‘fnﬂera clhu-s T

-.:-5.

Vi, = 0.00 ki
Wlgeq = 0,00 kN
VI, = 1678.90 kN

Vi= 1978.8 kN _ ]

SECTION 1

(b jmax = Hdisgri{Fy) = 10.62
a= 250 mm
w= 14 mm
ha= 0.9
J =050

miln | -'I'Hillﬂ

Wi = 0,61
C=[0.644
D=24

Y u FyiFys =1
min As =-120.1

by "= 117 mm

Design of Transvarse intermediate Siiffeners CL 10-07.2

Web Stitfeners spacing Is OK

e T ]
s

3.22 x 10" mm*

singlo plale stifenam

M =18 mmm
hﬂ- 210 mm

bt = 11.67
As = ITB0.0 mm~2

= §1.31

Vifdr= 156%

Provide Transverse Wab Stiffeners 1)

a= 2350 mm 2" ks OK
am =117 Kv= 826
SORT[ KwFy 1 =0.1538
X1 =502 SORT[KwFy) = TT.1
X2 = G2 EORTKWFy) =884
Fer [MPa) Fi [WFa]) F= [M
hwe=X1= 1008 0.0 I‘Il:lll;.'.g
hw == X2 = 1008 52.5 1681.2
hiws=X2= T23 Ta.0 1453
CL 10-8.5.1
Tharafam,
Fs = 1453 MPa
5= 0,85
Aw w ZR00] mmt2 shoar area of ong web
Vr= 3877.7 kN |fattored shoar reskatance
Wi= 1978.9 kN ]

| vive  s51% |

< {1, web can develops compresaive resisisncg

CL 10-8.7.4

Shear Force Resistance

Sioal Box -typical seclion (Sec. C) analysks
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Table -1

Maximum (Minimum) Moment Forces of the Load Combinations:

_ _ Positive momaent, Unil:  KN.m
[Load Name | ULST | ULS2 | ULS3 | [Max.ULS] Mmaximr ]
Location | ON-625 19550.6 | 19000.2 | 19000.2 185506 | 49.7%
[Mo. 2 LRT+Dack | 21506.48 21069.62 2108062 21506.5 54.7%
LET+LWF 178158 | 173791 | 173791 178159 45.3%
Mr 35335.0
Nagalhn Mumgnt, Unil: KM.m
Load Name | ULS] | ULS2 | ULS3 | |Max. ULS] Mmaxihr
Location | ON-625 | -28199.7 | -28675.8 | -28675.8 -28675.8 | 93.5%
|[Mo. 3 LRT+Deck -SEDEE.EE -JE512.83 vaﬁﬁigﬂ =36512.8 119.0%
LRT+LWF | -28353.9 | -28862 4 | -28852 4 -EBEEE.E 84.1%
Mr ~3A0683.0
. _ Positive momeant, Unit:  KN.m
Load Name | ULS1 | ULSZ | ULS3 Max. ULS] Mmax/Mr |
Location | ON-525 255856 | 248064 | 24896.4 25585.6 T0.4%
Mo, 4 LRT+Deck | 31328.67 30753.11 30753.11 31328.7 B6.2%
LRT+LWF 243013 | 23726.7 | 237257 2&_3?1.3 66.8%
Mr 36361.0
Maximum [Minimum)} Shear Forces of the Load Combinations:
T— = _ Force Unit: KN
Load Nama | ULS1 ULs2 ULs3 Max. ULS| VmaxiVr
Location | ON-625 | 25025 | 24274 | 24274 2502.5 | 51.0%
|No.1 | LRT+Deck | 2052.344| 28837 | 2883.7 29523 | B02%
_LRT+L'I||"-I'F g-ﬂ-dﬂ.-ﬂ- 834.0 §34.0 2440 4 48, 7%
Vr 4807.0
___ = Force Unit; KN
Load Name | ULS1 | ULS2 | ULS3 | [Max. ULS] Vmaxivr
Location | ON-625 30578 | 38709 | 3870.8 3957.8 51.0%
No, 3 LAT+Deck | 5008.011 4924612 1921.5_12 S008.0 54.6%
LET+LWF 38520 J804.6 Jo08.6 3992.0 21.5%
Vr 7755.4

Mote:

For locations of critical momenls and shears, see analysis model in Appendix - C.
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Structural Assessment of Highway 401 - Morningside Avenue Structure forLRT Loads
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Statement of Qualifications and Limitations

© 2008 Totten Sims Hubicki Associates (1997) Limited ALL RIGHTS RESERVED THIS DOCUMENT IS PROTECTED BY

IBI GROUP COPYRIGHT AND TRADE SECRET LAW AND MAY NOT BE REPRODUCED IN ANY MANNER, OR FOR ANY PURPOSE,
EXCEPT BY WRITTEN PERMISSION OF Totten Sims Hubicki Associates (1997) Limited."

STRUCTURAL ASSESSMENT OF EGLINTON AVENUE - CNR

OVERH EAD STRUCTU RE UXBRIDGE SUBDIVISION MILE 5940 The attached Report (the “Report”) has been prepared by Totten Sims Hubicki Associates (1997) Limited doing business

FOR LlGHT RAP'D TRANS'T as AECOM (“AECOM”) for the benefit of Ministry of transportation, Central Region (“Client”) in accordance with the

Draft agreement between AECOM and Client (the “Agreement”).

The information, data, recommendations and conclusions contained in the Report:

= are subject to the budgetary, time and other constraints and limitations in the Agreement and the qualifications

contained in the Report (the “Limitations”)

Prepared by:

= represent AECOM’s professional judgement in light of the Limitations and industry standards for the preparation

Totten Sims Hubicki Associates (1997) Limited doing business as AECOM of similar reports
300 Water Street, Whitby, ON, Canada L1N 9J2 ) ) ) ) ) .
T 905.668.9363 F 905.668.0221 aecom.com =  may be based on information provided to AECOM which has not been independently verified

. have not been updated
. must be read as a whole and sections thereof should not be read out of such context

= were prepared for the specific purposes described in the Report and the Agreement and must not be used for any

Date: other purpose whatsoever
December 2008 Unless expressly stated to the contrary in the Report or the Agreement, AECOM:
= shall not be responsible for any events or circumstances that may have occurred since the date on which the
Report was prepared or for any inaccuracies contained in information that was provided to AECOM

. makes no guarantees or warranties whatsoever, whether express or implied, with respect to the Report or any

part thereof, other than that the Report represents AECOM'’s professional judgement as described above

= shall not be deemed to have represented that the Report or any part thereof is exhaustive or applicable to any

specific use other than that described in the Report and the Agreement

Except as required by law or otherwise agreed by AECOM and Client, the Report:

= is to be treated as confidential
= may not be used or relied upon by third parties

Except as described above, AECOM denies any liability in respect of the Report or parts thereof and shall not be

responsible for any damages arising from use of the Report or parts thereof.
This Disclaimer is attached to and forms part of the Report.

THIS DOCUMENTATION IS SUPPLIED TO MTO-Central Region BY AECOM AND CONSTITUTES CONFIDENTIAL TRADE
SECRETS, OR COMMERCIAL, FINANCIAL, SCIENTIFIC, OR TECHNICAL INFORMATION. THIS DOCUMENTATION IS
SUBMITTED TO MTO-Central Region IN CONFIDENCE. IT HAS SIGNIFICANT ECONOMIC VALUE TO AECOM AND ITS
DISCLOSURE, WITHOUT THE EXPRESS CONSENT OF AECOM, COULD REASONABLY BE EXPECTED TO LEAD TO
SIGNIFICANT AND UNDUE FINANCIAL AND OTHER HARM TO AECOM, INCLUDING HARM TO AECOM'S COMPETITIVE
AND NEGOTIATING POSITIONS, AND UNDUE FINANCIAL GAIN TO ONE OR MORE THIRD PARTIES.
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December 15, 2008 Project Number: 42-71256

Mr. Harold Sich

Associate

IBI Group

230 Richmond Street, 5™ Floor
Toronto, Ontario

M5V 1V6

Dear Harold:

Re: STRUCTURAL ASSESSMENT OF EGLINTON AVENUE — CNR OVERHEAD STRUCTURE UXBRIDGE
SUBDIVISION MILE 59.40 FOR LIGHT RAPID TRANSIT

We are enclosing herewith two (2) copies of our structural assessment report as noted above.
Please advise if we could be of further assistance in the above regards.

Sincerely,
Totten Sims Hubicki Associates (1997) Limited doing business as AECOM

David LeBlanc, M.Eng., P.Eng.
Head, Structures Department
david.leblanc@aecom.com

DL:smb
Encl.
cc: File
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AECOM

Executive Summary

AECOM was retained by IBI Group to investigate and confirm the feasibility of implementing a Light Rapid Transit
(LRT) right-of-way (ROW) on the Eglinton Avenue — CNR Overhead structure, Uxbridge Subdivision Mile 59.40,
at Kennedy Road, specifically addressing the structural adequacy of the overhead structure, as well as long term
maintenance and operational requirements. The intent is upon confirmation of the feasibility of the LRT ROW
implementation on the structure, to obtain approval from City of Toronto and Canadian National Railway during
the environmental assessment phase in order to move forward with the project. It is recognized that that there are
various design and contractual arrangements to be addressed in the subsequent project phases, and the TTC is
committed to working with the authorities on these issues.

Existing structure is a 234.70m (approx.) long 9 span (21.34m + 7 x 27.43m + 21.34m) post-tensioned concrete
twin structures constructed in 1979. At present the existing structure carries 3 lanes of east bound lanes and 3
lanes of west bound lanes with a raised concrete median and sidewalks at both north and south side of the
structure. The existing structure has been rehabilitated in 1998.

An assessment of the existing Eglinton Avenue — CNR Overhead structure has been carried out to determine if it
can accommodate the proposed Scarborough - Malvern LRT designated ROW, including two lanes of traffic in
each direction. The findings indicate that the new LRT ROW and two traffic lanes can be accommodated on the
existing structure without a need for deck widening.

A detailed structural evaluation was also undertaken to investigate effects of additional loads due to LRT and its
accessories. Existing structure has been designed for AASHTO HS 25 live load. Our evaluation indicates that the
structure is overstressed under service limit state (SLS) for both CL-625-ONT truck load and LRT live loads with
conventional reinforced concrete track bed. Structural capacity is adequate under ultimate limit states (ULS) for
both CL-625-ONT truck load and LRT live loads. Alternatively if the trackbed load is reduced by use of light weight
materials, the structure will be subjected to load effects within the permissible limits at both SLS and ULS limit
states.

There are a number of operational and maintenance features which will need to be accommodated for the new
LRT, including the provision of poles on the deck to power the trains, modifications to the waterproofing and
paving on the deck to accommodate the track bed, provision for drainage, provision for expansions joints in the
continuous rail. These considerations have been identified, and a number of standard techniques that have been
adopted elsewhere are available for investigation during the preliminary and detail design phases of the project.

Our findings indicate that it is feasible to accommodate the proposed LRT right-of-way on the Eglinton Avenue —
CNR Overhead structure, without a need for deck widening. The structure has adequate capacity to withstand
LRT loads in conjunction with the use of a light weight material for the track bed.

Kennedy Structure Assessment 15DEC08.doc -i-



IBl Group
AEEUM Structural Assessment for the Highway 401 - Morningside Avenue Underpass AEEUM
Structure for Light Rapid Transit

Table of Contents 1. LOCATION
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2. EXISTING STRUCTURE

The existing structure, which was constructed in about 1979, is a 234.69 m long nine span (21.33m, 7 x 27.43m,
21.33m) post-tensioned concrete structure with 90mm thick waterproofing and asphalt wearing surface. The
bridge superstructure is supported on cast-in-place reinforced concrete abutments and piers founded on footings
and constructed at normal to the road alignment.

The General Arrangement drawing of the existing structure and post-tensioning details are presented in Appendix
A.

3. EXISTING CROSS SECTION

The cross section of the existing structure consists of the following:

North parapet wall 0.300 m
Sidewalk 1.834 m
Side clearance 1.082m
Traffic Lanes 3 x 3.500m
Median 1.200 m
Traffic Lanes 3 x 3.500m
Side clearance 1.082 m
Sidewalk 1.834 m
West Barrier wall 0.300 m

4, STRUCTURE GEOMETRY

A preliminary assessment of the existing bridge geometry has been carried out, indicating the following:

e The width of the roadway at the bridge from gutter to gutter is approximately 24.40 m, which includes a 1.20
m wide median. The bridge can accommodate the required horizontal clearance for the 2 lanes of traffic in
each and the new LRT designated right-of-way configuration. It is feasible to implement the LRT right-of-way
geometrically.

e The maximum longitudinal slope of the bridge structure is 5.2%, which is marginally more than the assumed
maximum slope of 5% for the new LRT Vehicle.

A preliminary general arrangement drawing showing the proposed LRT configuration on the Morningside
Underpass structure is provided in Appendix B.
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5. STRUCTURAL ASSESSMENT

The design loads that the existing structure has been designed to include the following:

Dead Loads:
The dead loads due to deck, sidewalk, parapet walls with handrails, asphalt wearing surface, and light poles

Live Loads:

The original design live loads were based on AASHTO HS 25 load. While investigating the structure for the
suitability of carrying the LRT vehicle, we have also investigated for the requirements of the current Canadian
Highway Bridge Design Code (CHBDC) CAN/CSA — S6-06 and CL-625-ONT Truck load of 625 kN.

Other Loads:
Other loads that need to be considered in the design of the structure include secondary loads due to post-
tensioning, thermal, wind, braking etc. as specified in the code.

A structural assessment of the existing bridge has been carried for the following load conditions:

AASHTO HS25 Truck

CHBDC CAN/CSA - S6-06 CL-625-ONT Truck

Proposed LRT Live load and additional loads due to conventional trackbed & accessories
Proposed LRT Live load and additional loads due to lightweight trackbed & accessories

The results of the structural evaluation are summarized in Appendix C, and indicate that the superstructure is
overstressed under service limit states (SLS) by about 3% for CHBDC CL-625-ONT Truck load and about 18% for
LRT loads with conventional reinforced concrete trackbed. The structure has adequate capacity under ultimate
limit states (ULS) for the various loading conditions considered. The loads acting on substructure and foundation
are expected to increase in the range of 5 to 10%, similar to increase in support reactions/ shear forces in the
deck, if conventional concrete trackbed is adopted. It is unlikely that strengthening of the foundations will be
required for this additional load, however, underpinning methods are available to strengthen the capacity of
existing abutment and pier footings, if necessary.

The results of the structural evaluation indicates that if a light-weight polymer infill with a unit weight in the order of
2 to 4 kN/m3 is provided for the trackbed, strengthening of superstructure and substructure strengthening will not
be required. It should be noted that, the TTC are investigating this technique for several bridges in the City of
Toronto for the Transit City program.

A further option which could be considered would be to fix the rails directly to the concrete deck and eliminate the
trackbed, in which case the structure is subjected to loads similar to that of the existing structure. However there
are numerous maintenance and durability issues associated with fixing the rails directly to the deck, which could
compromise the long term life of the structure, and this alternative is not recommended for further consideration.
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6. MISCELLANEOUS STRUCTURAL DETAILS

There are a number of details associated with the LRT ROW which will require modification of the existing
structure, and which will need to be detailed during the design phases of the project. A preliminary assessment of
the impact of the LRT ROW on the structure has been carried out, and the following items will need to be
addressed:

e Poles will be required on the deck to provide overhead power for the LRT. The forces due to poles
supporting the catenaries and light poles will induce primarily localized effects. Pedestals and
connections to deck slab will need to be provided and detailed appropriately.

e Expansion joints will need to be provided to minimize the effect of movement of the structure on the
continuous welded rail. Expansion can be accommodated through combinations of rail anchors and
bolted joints allowing for limited movements or special proprietary rail expansion joints.

e Ensure protection of structures and components from corrosion due to stray currents by appropriate
method of grounding or coating reinforcements or insulating with a membrane below the trackbed.

e Proper detailing of waterproofing and paving where it abuts the LRT trackbed will be required to
maintain the long term durability of the deck.

e Existing structure is not provided with any deck drains. As the existing roadway is on a symmetrical
crest curve deck drains could be avoided on the bridge structure although the length of the structure
approximately 234.70m is more than 120m. However adequate drainage of the LRT right-of-way
drainage will need to be addressed.

Long term maintenance and rehabilitation of the bridge deck and the LRT trackbed will be somewhat complicated
by the LRT right-of-way. There are a number of alternatives available, with the simplest being that a temporary
closure of the LRT ROW will be required during major rehabilitative works on the bridge, which extend for 4 to 6
months in duration, and local bus service be utilized. Alternatives and details will be developed in subsequent
project phases.

The above identified miscellaneous structural details can be addressed with standard techniques that have been
adopted elsewhere, and will be fully investigated during the preliminary and detail design phases of the project.
The TTC is committed to working with City of Toronto and other authorities MTO on these issues.
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General Arrangement Drawing — Proposed Deck

Cross Section with LRT Tracks

Appendix B
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Details of Structural Evaluation
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