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INTRODUCTION

MMM Group Ltd. (MMM) was retained by Public Works and Government Services
Canada (PWGSC) to undertake a structural analysis including 3D model, evaluation of
member capacities, and a fatigue review for the Burlington Lift Bridge.

This Report presents the results of the Fatigue Review of the bridge as outlined in RS8 in
the Terms of Reference.

The Fatigue Review was restricted to main structural components and did not consider
the open steel grating, lift cables, or any of the mechanical equipment (including the
shafts of the sheaves).

A Key Plan showing the location of the structure and a General Arrangement Drawing
have been provided in Appendix A.

EXISTING STRUCTURE

Structure Description

The Burlington Lift Bridge is a tower-drive steel truss vertical lift bridge designed in
1958 by C.C. Parker and Associates of Hamilton, Ontario and constructed between 1959
and 1960 by the Hamilton Bridge Division of the Bridge and Tank Company of Canada
Limited. The bridge originally served both rail and highway traffic in a side-by-side
configuration. A single rail track ran along the eastern half of the structure while two (2)
traffic lanes were provided on the western half of the structure. In 1982 the bridge
underwent a major rehabilitation to convert it to highway traffic only through the
complete removal of the railway track and the addition of two new lanes of traffic.

The bridge is comprised of two 12.60m (41°- 4”) approach spans, two 9.75m (32’- 0”)
tower spans, and one 112.78m (370’- 07) lift span. There is a 2.07m (6’- 9.5”) wide
sidewalk with an aluminum pedestrian hand railing cantilevered from the outside of the
west truss. Two 3.375m wide northbound lanes and two 3.375m wide southbound lanes
are provided on the bridge.

The substructure is comprised of two voided concrete substructures supporting the
towers, and two concrete conventional closed abutments at each end of the approach
spans.

Lift Span

The lift span is a steel through truss structure that is 15.54m (51°- 0”) wide from
centreline to centreline of the two trusses. Each truss is comprised of twelve 9.40m (30’-
107) panels which vary in depth from 13.87m (45’- 6”) at the ends to 16.76m (55°- 0”) at
the midspan.

Truss members (i.e. verticals, diagonals, and top and bottom chords) are comprised of
built-up steel sections. The built up members are typically comprised of rolled and plate
components connected by rivets. Transverse floor beams and longitudinal stringers
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2.1.2

2.1.3

support an open steel grating deck. The sidewalk deck consists of a thin (50mm) concrete
half-filled steel grating.

Portal and sway bracings are provided overhead at panel points.

Towers

There are two steel braced towers at either end of the lift span. Each tower is 15.90m
(52°- 27) wide from centreline to centreline of the columns, and 9.75m (32’- 0”) long
from centreline to centreline of the columns. The towers are approximately 65m (213°)
high.

Tower members (i.e. columns, diagonal bracings, and horizontals) are comprised of built-
up steel sections similar to the riveted sections of the lift span. The roadway passing
through the towers is referred to as the “tower span” and is comprised of transverse floor
beams and longitudinal stringers supporting a 190mm thick (7.5”) concrete deck with a
65mm (2.5”) asphalt wearing surface.

There is a 2.47m (8’- 1) wide sidewalk with an aluminum pedestrian barrier cantilevered
from the west side of the tower.

Each tower is supported on a hollow concrete pier substructure resting on a pile
foundation.

At the top of each tower is a machine room which houses the mechanical and electrical
equipment including the sheaves and sheave girders.

Approach Spans

There are two approach spans at either end of the bridge. Each is 15.90m (52’- 2”) wide
and 12.60m (41°- 4”) in length.

Transverse floor beams and longitudinal stringers support a 190mm thick (7.5”) concrete
deck with a 65mm (2.5”) asphalt wearing surface. There is a 2.47m (8’- 17) wide
sidewalk with an aluminum pedestrian barrier cantilevered from the west side of the

approach spans.

Each approach span is simply supported by the tower piers at one end and a conventional
closed reinforced concrete abutment at the other end of the span. Articulation is provided
by fixed bearings at the concrete abutments, and expansion bearings at the tower piers.

FATIGUE REVIEW

Background

The Burlington Lift Bridge was designed circa 1958 using the American Railway
Engineering Association (AREA) “Part 2” 1956 (for all movable components and
structural components which support movable components), Canadian Standards
Association (CSA) S1-1950 “Specifications for Steel Railway Bridges”, and CSA S6-
1952 “Specifications for Steel Highway Bridges”. Cooper E-60 and H20-S16 design live
loads were used for railway and highway components respectively. It is not clear how the
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live railway and highway loads were combined nor which code governed the design of
the “mixed” use lift span.

It is interesting to note that the Cooper E60 design load consists of a series of axle loads
approximately twice the length of the current Canadian Highway Bridge Design Code
(CHBDC) S6-625-ONT Truck and with a total weight of all E60 axles of 3790 kN. This
is six times the combined weight of the CL-625-ONT Truck. In addition, the Cooper E60
has a uniformly distributed load (UDL) of approximately 90 kIN/m of track which is ten
(10) times greater than the CHBDC lane load UDL.

Many of the truss and tower members are built up members. These members consist of a
series of plate and rolled components connected with rivets. The rivets are predominantly
22 mm diameter (7/8 inch diameter) however 25 mm diameter (1 inch diameter) rivets
were used in the east truss which was immediately adjacent to the railway track.

The steel in the structure consists of two (2) steel grades. One is a “carbon steel”
conforming to CSA G40.4 (or ASTM A7) while the second steel type is an “alloy steel”
conforming to ASTM 242-55. The impact or notch toughness properties of the steel are
not known.

The Fatigue Review only examined in detail the stress ranges experienced in the lift truss
under live loading in accordance with the requirements of the Canadian Highway Bridge
Design Code (CHBDC). The tower members were examined for stress ranges due to the
raising of the lift span. Ignoring the effects of wind loading on the raised span, no
variation was found in the tower member during the lifting operation. Even if small
variations in stress did occur during openings, the total number of opening/closing
operations over the life of the bridge is less than 400,000 cycles which is below the
fatigue endurance limit for even the “worst” Fatigue Category.

Wind loads do contribute to cyclic stresses in both the lift span and towers. However the
CHBDC and other structural design codes do not address such cyclic loading when
considering fatigue life. This is due to the unpredictability of the wind loading and the
inability to assess the total number of anticipated cycles of such loading. It is generally
believed that, for typical truss and girder bridges, the estimation of the wind load force
applied during the design are conservative enough to address any fatigue effects due to
the wind load which may occur over the life of the structure.

The Fatigue Review in this assignment was undertaken to the requirements of Fatigue
Limit States Combination of Section 3 “Loads” from the CSA CHBDC S6-06
Supplement No. 3 (March 2013). For Fatigue Limit States, only one truck load was
placed on the truss span (increased by the dynamic load allowance and placed in the
centre of one travelled lane). This is consistent with Clause 3.8.4.1 ¢) of the CHBDC.

It should also be noted that the portion of the fatigue life “used” during the period 1960 to
1982, while the bridge functioned to carry railway traffic, has not been considered in this
Fatigue Review. There is no known information on the type and frequency of rail traffic
that crossed the bridge during that twenty-two (22) year period. This Fatigue Review has
assumed the CHBDC S6-625-ONT Truck load was the fatigue design load since the time
of construction.
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Section properties used in the Fatigue Review were obtained from the 1959/1960
fabrication/erection drawings or the original design drawings where fabrication/erection
drawings did not exist. The truss span has few available shop drawings (unlike the towers
which have complete drawings set). As such, some approximations were required to
calculate member net areas. These assumptions should be confirmed when additional
detailed information becomes available.

FATIGUE OF RIVETED BRIDGES

Background

Much of the research and evaluation considerations for the fatigue of riveted bridges is
based on a December 1987 report by Fisher, Yen and Wang entitled ‘“Fatigue and
Fracture Evaluation for Rating Riveted Bridges” published by the National
Cooperative Highway Research Program (NCHRP) as Report 302(1). This Report (1)
presents much of the background on the anticipated fatigue performance of riveted
members currently used in the evaluation of riveted bridges.

Distortional and restraint cracking in rolled sections at connections is addressed in a
number of reports and publications such as works by Fisher (2), Kulak, Fisher and Struik
(3) and Fisher (4). In addition, fatigue evaluation is addressed by numerous Codes
relating to the design and evaluation of bridges (5, 6, 7).

For riveted members, each of the American Railway Engineering and Maintenance of
Way Association (AREMA), American Association for State Highway and
Transportation Officials (AASHTO) and Canadian Standards Association (CSA) Codes
use lower bounds from available test data on riveted sections to define the fatigue class
and stress range in the detail classification system. The 1987 publication by Fisher (1)
established a lower bound to Category D in the detail classification system. This is the
same Category still used by most current Codes (5, 6, 7) for built-up riveted components.

Tests on riveted and built-up sections (1) demonstrated that fracture of a component of a
built-up section did not immediately impair the load-carrying capacity of the member. At
stress ranges less than 62 MPa, the riveted/built-up section experienced an “endurance
limit” of a Category ‘C’ Detail. Following severing of a component in a built-up section,
between 200,000 and 1,000,000 additional cycles of stress range were required before the
load carrying capacity of the detail was completely destroyed. The fatigue strength used
for riveted built up members is conservatively taken as Category D (48 MPa).

Fatigue resistance/Category can be reduced to Category E (31 MP) as a result of
“corrosion notched” sections. As the corrosion state of specific members is not currently
known for the Burlington Lift Bridge, this situation was not considered in the Fatigue
Review. (However, all of the stress ranges in the truss members examined in this Fatigue
Review were less than even 31MPa by a significant amount).

FATIGUE REVIEW

Methodology

In this Fatigue Review the following methodology was followed:
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5.2

1)

2)

3)

The Bridge was evaluated to Fatigue Limit States as outlined in the CHBDC to
establish the maximum range of forces in the members;

a) In axially loaded members (tension/compression) the range of stress was
calculated based on the estimated net area (Ay);

b) If the stress range (S;) was less than 48 MPa (Category D) based on the net
area, then fatigue is not considered to be consideration with that
tension/compression member;

a) In a flexural member or combined flexure and tension/compression member,
the range of stress will be calculated based on the net estimated section (Ay) at the
point of maximum stress range;

b) If the stress range (S;) was less than the fatigue Category Threshold Stress
Range for the detail of that component, then the flexural member will not be
considered to be a limiting design constraint;

Any members from 2) or 3) where the stress range fails to meet that of Category
D (riveted) or the appropriate Category for the details in flexural members, will be
assessed for the remaining safe service life in accordance with NCHRP Report
299 (8); and

An overview of the existing structure drawings was made to assess any
distortional stress or out-of-plane displacements that might contribute to cracks in
the steel components.

Results of Stress Evaluation

The results of the above noted methodology are noted in Table 1 and Table 2 for a total
of 13 members which were reviewed as part of this Fatigue Review. It should also be
noted that the results are provided for the Table 1 and 2 for the lighter Highway truss; the
stress ranges in the corresponding members of the Railway Truss are significantly lower
than that shown in Table 1.

Truss Lift Span
Stress Range for Riveted Built-up Member
Table 1
No. | Member | Max. | Min. | Range | Ay Sr CAT. | Acceptable | SFrame Member
Force | Force D Member | Description
(KN) | (KN) | (KN) | (mm® | (MPa) | (MPa) Number
I | Lift- 3149 | 2804 | 345 | 55781 6 48 Yes 22302 | Diagonal
HwyT-
UlL2
2 | Lift- -13 | -151 78 41025 2 48 Yes 22403 | Vertical
HwyT-
L202
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3 | Lift- 6198 | 5796 | 402 | 71576 6 48 Yes 22204* | Bottom
HwyT- Chord
LeLs

4 | Lift- 1773 | 1453 | 320 | 30309 11 48 Yes 22309 | Diagonal
HwyT-

L403

5 | Lift- 520 195 325 | 29107 11 48 Yes 22306 | Diagonal
HwyT-

U5L6

6 | Lift- 4972 | 4638 | 334 | 72051 5 48 Yes 22205* | Bottom
HwyT- Chord
L2L3

7 | Lift- 10 -3 -13 8507 2 48 Yes 29305 | Portal
Port- Sway
SWBC Brace

8 | Lift- 12 9 3 8469 1 48 Yes 29485 | Int. Sway
Sway- Brace
SWBC

9 | Lift- 67 37 30 10808 3 48 Yes 29213 | Bottom
BLAT Wind

Brace
10 | Lift- 613 364 249 | 47570 6 48 Yes 22404 | Vertical
HWY 5-
U3L3
Truss Lift Span
Stress Range for Floorbeam/Stringer
Table 2
No. Member/Description | Range Section Stress | Category | Allowable | Acceptable
Moment Property Range Sk
FLS (mm®) (MPa) (MPa)
(kNw)
11 End Floor Beam 764 46.9x10° 16 D 48 Yes
12 Interior Floor Beam 1529 58.1x10° 26 D 48 Yes
13 Stringer 391 3.211x 10° 122 A 165 Yes
MMM Group Limited May 2014 Page 6
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6. CONCLUSIONS

Based on this Fatigue Review all of the members are found to meet the applicable stress
for Category D or A (as appropriate). None of the members investigated are anticipated
to be critical for fatigue. We anticipate several factors contributed to this outcome.

We believe that the original design of the lift span for rail loading provided for a more
severe cyclic live load than that currently being imposed on the lift span (or that used for
the fatigue evaluation).

In addition, studies on riveted highway bridges designed and constructed in the period
before 1970 have demonstrated that the actual maximum stress range will seldom ever
exceed the fatigue limit applicable to riveted members (48 MPa). This is in part, related
to the allowable stress design limits imposed on designs of that era.

It should also be noted that the above Review was based on approximations of the net
area of the members reviewed. Given the stress range in members was found to be less
than 16MPa, it is anticipated that should the net area be incorrect by 20% or more, none
of the members reviewed would be unacceptable for fatigue. Category D.

It is also worth noting that the observed stress range in the built-up tension/compression
members examined as part of this Fatigue Review was far less than the fatigue endurance
limit of even Category E (31MPa). This is used as a lower bound estimate on the fatigue
life of members which may contain “notches” due to corrosion.

As mentioned in Section 3.1, the first twenty-two (22) years of railway loading have not
been considered in this evaluation. It is MMM Groups opinion that given the general
long (greater than 80-100 years) life of railway bridges and few fatigue problems, we
believe little of the fatigue endurance limit was utilized during that original period as a
rail carrying structure. This, combined with the calculated low fatigue stress range in the
members due to current CHBDC loading, would lead MMM to conclude that there is a
very low probability of a fatigue issue developing in the lift span members over the
expected life of the bridge.

MMM also completed a review of the available drawings of the lift span as well as
reviewed the available photographs from previous inspections. This review focused
primarily on the details of the floor beam to truss connections for the possibility of
distortional or out-of-plane displacements leading to stress concentrations and cracks in
the connection material.

Based on the available information, MMM has concluded that these connections are well
“detailed” such that cracking of the connection material is not anticipated. This is
supported by an absence of any such cracks observed during the recent cleaning and
coating of the structural steel.

Overall, MMM group would conclude from this Fatigue Review, that failure of the
built-up truss members, floor beam and stringers as a result of fatigue is not
anticipated over the expected life span of the Burlington Lift Bridge.
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