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Background

i UBridges
o 2 :
=l = Causes of failure
é é Overload Lack of n;;(i)ntenance
% ¥+ With the increase in traffic volume, the truckloads
= exceeded the limitations, resulting in bridge failures, Structural design
I especially for older bridges [1]. deficiencies

1 = The average service age of failed bridges due to 23%

overload reduced to 64 years, while the bridge design Construction

life is 75 years [2]. Ov3e5r(!/oad mils(t)ao/kes
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Bridge collapse causes [1]
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~ 1 Image courtesy of Yugiang Liu
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Background

% (Bridges
% s » Structural design philosophy
8 Limit-State Design
é & Limit state function: g=R-D { g i 8 lgzicleed
E 2 N
% Capacity Demand

% ' 4

Uncertainties

‘ In engineering practice
Design equation:/(ka =yD,—
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Safety coefficient applied to capacity — Nominal demand

Safety coefficient(s) applied to demand” — Nominal capacity
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Background
Bridges
= Structural loads
« Loads with position fixed on the structure (e.g., dead loads due to

the weights)

« Loads with position varying on the structure (e.g., moving vehicle
on the bridge)
= The most unfavorable position for the response of interest
* The maximum value of the response of interest

Problem statement | Background

Introduction & Motivation
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I i Design Truck J
5 Specified in e_ach deS|_gn cod§ | o o
Sl * Arepresentative moving vehicle, but may not exist Adeno. 1 2 3 4 s
s g . . . . CL-W _E 0.04W 0.1Ww 01w 0.14W 0.12W Wheel loads, kN
O  Load carrying capacity for vehicle trains e~ . e
8 8 . i CL-625 _E 25 625 6215 87.5 75 Wheel loads, kM
e Multiple (e.g., three) design trucks are moved T v 1;5 115 liﬂ e
= simultaneously along longitudinal lines (one truck in O =
4 each traffic lane) to maximize the live load effect [3]. NP
g

CSA S6 standard design truck 6




Background
Bridge Formula

A “bridge formula” is a performance-based standard, which regulates the parameters related to
the performance of the vehicle in terms of the load effect imposed on bridges and pavement.

Problem statement | Background

Introduction & Motivation

* To protect bridges by determining the maximum weight allowed on any series of consecutive axles
= Function of axle spacing and the number of axles

Objective

l function of

GVW Axle loads Number of axles \ehicle length Axle spacing

(72}
(<5}
=
b
(&}
(<5}
=
(=]
!
o]
B
wn
)
4
@
=

‘ affecting

| ! ! !

Infrastructure safety Economy Efficiency Productivity

Research Program

Research significance



Background
Bridge Formula

All-Terrain Crane vs Design Truck

Problem statement | Background

Introduction & Motivation

(D)
=
+—
(&)
(D)
+ —
@)
O

o) 0

iié Known weight Load variation due to different supplies
§ E Bigger wheels and thicker tires Normal truck wheels and standard tire thickness
£ = !—Iydro-pneumatic suspension - less dynamic Alr suspension system
S impact -
3 88
Y

tire axle tire
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Problem Statement
dIndustry Challenges

Problem statement | Background

Access conditions are inconsistent Access responses can be ambiguous
and not easily accessible or inconsistent

Introduction & Motivation

Objective

.
Lack of certainty and visibility of Permit approval process slow @

access and mass limits cumbersome inconsistent
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Want maximum productivity
benefits and a level playing field @@
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Problem Statement

c
2
)
©
i UlIndustry Challenges
8 2
= 2 . . : : i :
B Variation of Weight Regulations among Canadian Provinces
S £
E % Province Maximum Maximum Maximum
Sl Axle Weight Gross Weight | Length of
o Kips Kips Combination
o Single | Tandem Ft.
=
T Mewfoundland 18.0 32.0 112.0 B5
{8 165 kg}|{14 515 kg) | (50 BO2 kg) {19.8 m)
Mova Scotia 20.0 35.0 80.0 65
(9072 kgl [{15 B76 kg) | (36 287 kyg) (19.8 m)
Mew Brunswick 20.0 40,0 125.0 65
(9072 kgl {18 144 kg) | (56 699 kg) {19.8 m}
Prince Edward |sland| 20.0 356.0 110.0 65
{9 072 kg) | {15 876 kg) | (49 895 kg) {19.8 m}
Ouebec 22.0 38.0 126.0 65
(9979 kg) (17 237 kg) | {57 153 kgl {19.8 m}
Ontario 200 40.0 140.0 65
(9072 ka) [(18 144 kg | (63 503 kg) (19.8 m]
Manitoba 20,0 35.0 110.0 65
{9072 ka) ({15 876 ko) | (49 895 kg) (19.8 m)
Saskaichewan 20.0 35.0 110.0 70
(9072 ka) ({15 BT6 kg) | (40 895 ka) 121.3 m)
Alberta 20,0 35.0 110.0 70
2% aitax |sland {9072 kg) ({15 B76 kg) | {49 895 ka) 121.3mj
CANADA - Political Nova British Columbia 200 35.0 110.0 72
——— Internatianal border lew 56'3;5'3 61 (8072 kg [(15 876 ka) | (49 BI5 ka) {(21.9 m)
Alberta Provincefteritory 0 mmp e omkm C?Frrfuis;vﬁlc:;; B Yukon Territory 20.0 40.0 132.0 70
34 Ottawa Natonal capial i T yTorente - (9072 kg)|(18 144 kg) | {59 874 ka) {21.3m)
<= Regina Provincialfterritorial capital o 250 500 750 miles :




Problem Statement
dConcerns and Challenges

 Overly restrictive regulations lead to increased energy demand, higher carbon
emissions, and greater stress on transportation infrastructure [4]

o+ Current bridge formulas result in conservative and non-economical outcomes
. » Not specific for all-terrain cranes with no consideration of new developments [3]
« Variability of bridge formula among provincial codes

« Diverse carrying capacities of bridges, originally designed to varying strength levels
[3, 5]

« Aging effects on the performance of bridges under service loads [6]
» All existing studies and regulations are based on new bridges

Problem statement | Background

Introduction & Motivation

Objective
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B Poor condition Risk of rapid deterioration

For example, corrosion and freeze-thaw cycles accelerated by climate
change [8]:
61.3% ' . Temperature rise

» Use of de-icing salts in extreme cold
[7] 11

Research Program

Good condition 38.7%
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Problem Statement
JResearch Question

Problem statement | Background

Introduction & Motivation

(<5}
>
=
|
D
o
@)

| | | |

£ Recognize the Acknowledge : Blame bridge
2, .= Views current .

3 need to control the deteriorating : . owners

p : : weight limits as :

B highway bridge state of the : conservative

i : too strict .
! loads infrastructure policies
}_

Research question:

Research Program

How to develop a standardized bridge formula, specifically designed for all-terrain cranes, that
enhances safety and efficiency?
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Introduction & Motivation
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Research Objective

Developing a Standardized Bridge Formula for All-terrain Cranes to

13



Research Program

Research Program
dSub-Objectives

Developing a Standardized Bridge Formula for All-terrain Cranes to
Enhances Safety, Efficiency, and Requlatory Consistency across

1. Standardization of Bridge Formula for All-Terrain Crane

Sub-objectives

2. Advanced Considerations in Bridge Dynamics and Reliability

3. Impact of Aging-Related Deteriorations

14



Introduction & Motivation

Research Program

Research Program

1. Standardization of Bridge Formula for All-Terrain Crane
= Tasks

1.1. Evaluation of current bridge formula

Problem statement | Background

1.2. Unifying provincial considerations for bridge formulas

Objective

1.3. Develop new/modified bridge formula
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Introduction & Motivation

Research Program

Research Program

1. Standardization of Bridge Formula for All-Terrain Crane
= Tasks

1.1. Evaluation of current bridge formula

Problem statement | Background

P P B I T BN DN BN NN BENN. NN NENN EENN e S o R o o R S S S S SN SNNL. SHEN. SN GENN. BNNR BN B e

[ = Stress levels caused by practical vehicles
: = Maximum allowable response (e.g., maximum bending moment along the deck)
| " Fatigue considerations y
= Pavement considerations
* Reliability evaluation of existing bridge formulas

= For bridges with 75-year design life CSA uses target reliability index of 3.50
{ g<0  Failed

Objective

Limit state function: g=R—-D g>0 Safe
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Probability of failure in the design

life: 104 = Reliability index of 3.5
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Research Program
1. Standardization of Bridge Formula for All-Terrain Crane
= Tasks

1.1. Evaluation of current bridge formula

* Reliability evaluation of existing bridge formulas
= Wide range of design scenarios

Short Span Bridges Medium Span Bridges Long Span Bridges
(up to 20 meters) (20 to 60 meters) (over 60 meters)
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= = https://blog.enerpac.com/7-types-of-bridges-
every-engineer-should-know-about/

https://steelconstruction.info/Bridges
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Introduction & Motivation

Research Program

= Tasks

Problem statement | Background

standard design truck.

Research Program
1. Standardization of Bridge Formula for All-Terrain Crane

1.1. Evaluation of current bridge formula
 Preliminary case study: Evaluating the live load effect of mobile cranes in comparison to the CSA S6

CSA S6 standard design truck: CL-W lane load

Objective

Uniformly distributed load

D.096W Wheel loads, kN
0.192w Axle loads, kN

9 kM/m
0.032W 0.08W 0.08 W 0112w
004w 0.16W 0.16W 0.22aw

B 36m ) {.Erfu B Bb.6 m B 6.6 m
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4-axle all-terrain crane ( 57 tons )

ssssss

Finite element model of bridge
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Research Program

W (1. Standardization of Bridge Formula for All-Terrain Crane

= = Tasks

S8 1.1. Evaluation of current bridge formula

é & - Preliminary case study: 0

= = Mean max-moment caused by all-terrain crane over

] 4 the corresponding value caused by standard design R e e e D
O truck Kt ~®sz---0----- - - = --0
) » Initial observations confirms that the all-terrain cranes & 0.8 e °
= have significantly lower impacts on bridges than ;
5 expected. £ 067

£ 2 £
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Research Program

1. Standardization of Bridge Formula for All-Terrain Crane
= Tasks

Problem statement | Background

1.2. Unifying provincial considerations for bridge formulas

* Design considerations of each province
= Design scenarios for bridges

» Standardization of requirements for bridge formula development

Introduction & Motivation

Objective
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Research Program

1. Standardization of Bridge Formula for All-Terrain Crane
= Tasks

Problem statement | Background

Introduction & Motivation

1.3. Develop new/modified bridge formula

 Goal: Uniform set of bridge formula depending on route classification and specifically for all-terrain
cranes

Objective
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Research Program

1. Standardization of Bridge Formula for All-Terrain Crane
= Tasks

1.3. Develop new/modified bridge formula

Problem statement | Background

Introduction & Motivation

Objective

Numerical Simulation Field experiment

Modeling bridges subjected to the equivalent loading Measuring of stress levels in bridges through
instrumentation, when all-terrain crane passes

Validating the model based on field experiment Comparison with the stress level considered in the
current bridge formulas

Data generation based on unified design scenarios + Incorporating uncertainties
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Research Program

Developing new bridge formula
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Introduction & Motivation

Research Program

Research Program

2. Advanced Considerations in Bridge Dynamics and Reliability
= Tasks

2.1. Impact of advanced suspension systems on bridge dynamic load factors bridge
formula

« All-Terrain Cranes, with hydro-pneumatic suspension systems, introduce nuanced factors influencing
bridge dynamic load factors.
 Goal: Adjustments in axle capacity limits within the bridge formula
« Methodology:
= Incorporating existing models into the numerical model of the bridge
» Proposing modifications based on data generated by the new simulations

Problem statement | Background

Objective
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Research Program
3. Impact of Aging-Related Deteriorations
» Tasks
3.1. Performance assessment of bridge formula for aged bridges
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3.2. Developing aging related modifications

Research Program
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Research Program
3. Impact of Aging-Related Deteriorations
= Tasks

3.1. Performance assessment of bridge formula for aged bridges
« Modeling aged bridges using previously developed tool by Pl
w— m—’ Section Level |me— Flber Level

Disassembly &
Transformation Element nodal Augmented section
displacement vector in deformation vector: d(x)
element local Augmented sectionslip | r==-=----- —'—_ ————————————————————
coordinate system: U vector: dy(x) For i =1 to all fibers
Transforming to basic if CONCRETE
system: Upaic = FremU Material behavior of concrete:
D Stress: o

Tangent stiffness: E;

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
! if STEEL BAR !
i Fiber strain: ¢ = (2+i)" component of d !
' Material behavior of steel: !
' Stress: g; i

1
' i
1 1
1 1
1 1
1 1
1 1
1 1
1 1

E - Tangent stiffness: £,
< Slip: u,= i component of d,,
[ s S SO ‘ Material behavior of bond-slip:
(@)) — - Stress: t;
o Bond-Slip Tangent stiffness: E,'
— Transformation e !
o & Assembly Transformation
I Structure stiffness 4mmm Element stiffness 4= Flement stiffness matrix 4= Sectional stiffness matrix —
g matrix: Ky, matrix in local system: in basic system: corresponding to:
ool Nodal force Kiocal = Kpasic = Kg + Ky Concrete and steel bar DOFs: kg(x)
leb) vector: Py, Kyt Trem' Koasic Rem Element force vector in Bond-slip: k,(x)
(%] ’ Element force vector in basic system:: Sectional force vector corresponding
5:) local system:: Ppasic = PatPp to:

Procat = Trem " Poasic Concrete and steel bar DOFs: D(x)

Bond-slip: Dy(x)

(’m Required elements and materials developed in OpenSees for finite
NQpenSees Pa modeling of bridges (steel and reinforced-concrete) [6, 8, 9]




Research Program

3. Impact of Aging-Related Deteriorations
» Tasks

3.1. Performance assessment of bridge formula for aged bridges
« Modeling aged bridges using previously developed tool by Pl

« Experimental evaluation of aged bridge deck under the equivalent loading

= Small-scale testing in I. F. Morrison Structures Lab, University of Alberta
o Similar test done in 2018, but with different loading setup [10]:
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Research Program

3. Impact of Aging-Related Deteriorations
= Tasks

Problem statement | Background

3.2. Developing aging related modifications
« Using validated model for data generation and model development

Aging effects “ Time

Date of construction Current state

T

Ensuring safety for aged bridges

Introduction & Motivation

Objective
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Maximum allowable weight

Research Program

Improving efficiency
Age (year) Avoiding over conservatism

Research significance

27



Research Program

B UCreating a Digital Platform to Optimize Routing

2 5

g

S Goals: @ Vi Summay

E & . To accommodate and mitigate road 4 Axle Truck Mounted Crane
% manager challenges Vehicle Code: A52628729

Objective

« To delivers on industry priorities

Similar platforms in other
countries:

» Heavy Vehicle Access Management
System (HVAMYS) in Australia

00 OO0

Email Vehicle Code View Parameters
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) Vehicle Parameters are valid.

Research Program

Access is available under this Notice.

Research significance



Introduction & Motivation

Research Program

Research Program
dResearch Significance

Developing a Standardized Bridge Formula for All-terrain Cranes to Enhances Safety, Efficiency,
and Regulatory Consistency across Canadian Provinces, while Comprehensively Accounting for
Structural Demands and Aging Effects

Problem statement | Background

w

I/m&% Enhancing the efficiency and safety of crane operations nationwide
0

® ¥

Enhancing project efficiency economicall
DU”@ g proj y y

Objective

<
AR
‘* ‘b Facilitating smoother inter-provincial travels for all-terrain cranes
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_ E(_)/a) Reduction of greenhouse gas emissions, aligning with environmental sustainability goals

Research significance
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