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1. INTRODUCTION
1.1 Purpose

1.2

The Design Guidelines for Bridges and Transportation Structures (the Guidelines) sets
forth The City of Calgary (The City) design criteria that govern design of new bridges and
structures, as well as evaluation and rehabilitation of existing structures. The Guidelines
apply to the following structure types including, but not limited to, the following:

i. Vehicular bridges
i Pedestrian, cyclist, and multi-use bridges

ii. Large culverts and tunnels (>2.5m in diameter)

iv. Retaining walls (>1m in height)
V. Highway accessory supports
vi. Noise barriers

vii. Tree trenches

This document reflects the current City policies governing planning, design, construction,
and rehabilitation of structures owned and managed by The City.

This document provides basic design considerations; and any unique applications,
issues, or departure from the Guidelines shall be referred to The City of Calgary, Public
Spaces Delivery, Bridges and Geotechnics, for review and acceptance through a Design
Exception at the early stages of design or construction as applicable.

Additional guidance for LRT bridge and transportation structure design shall be as
provided in The City of Calgary LRT Design Guidelines Manual (DGM).

This document supersedes City of Calgary Design Guidelines for Bridges and Structures,
2020.

Modifications and Revisions

Revisions to Guidelines

Revisions to the Guidelines occur periodically upon changes of reference codes;
modifications to the policies governing structures management; and as a result of most
current best practices and new materials, products, and systems available.

Comments and suggestions to improve the Guidelines are welcome and should be
referredto: bridge-design@calgary.ca

The City of Calgary, Public Spaces Delivery, Bridges and Geotechnics Division, will
conduct necessary research, review, or analysis of the proposed modifications and if the
proposed modifications are deemed appropriate, implementation of the revision will
follow.

Revisions to Standard Technical Specifications

The Standard Specifications included in Appendix C of this document shall not be
altered when used as part of Procurement Documents.

The City of Calgary | P.O.Box 2100 Stn. M ‘ Calgary, AB, Canada T2P 2M5 ‘ calgary.ca
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Modifications to the Standard Technical Specifications for specific projects may be made
through Supplemental Technical Specifications. Such modifications shall be made only
upon prior review and Approval by authorized City personnel.

1.3 Consultant Terms of Reference

Consultants shall refer to project-specific requirements pertaining to planning, design,
construction review, and projectclosure.

1.4 Definitions

The following are the administrative definitions that shall be used in conjunction with the
Guidelines as well as with codes and standards referenced herein:

Vi.

Vil.

viii.

Xi.

Approved or Approval means acceptance, in writing, by The City.

CHBDC means the CAN/CSA S6 - Canadian Highway Bridge Design Code,
and the CAN/CSA S6.1 — Commentary on CSA S6, Canadian Highway
Bridge Design Code, latest editions.

CSA S7:23 means the Pedestrian, cycling, and multiuse bridge design
guidelines, latest edition.

Design Life means a period of time specified by the Owner (The City) during
which a structure is intended to remain in service while satisfying all
specified requirements of the design standard (CHBDC unless noted
otherwise). Design Life represents the period of time on which statistical
derivation of transient loads is based. Design Life refers to the entire
structure and non-replaceable components.

Durability means the capability of a structure or any component to satisfy,
with planned maintenance, the design performance requirements over the
specified period of time under the influence of the environmental actions, or
as a result of the self-aging process.

Engineer of Record (EOR) means an engineer licensed in the Province of
Alberta who, through a contract with The City, is responsible for design and
verification of construction compliance in accordance with the Agreement;
the terms Engineer and EOR are used interchangeably for the purpose of
these Guidelines.

Guidelines means this document, the City of Calgary Design Guideline for
Bridges and Structures, and it’s included Appendices.

Owner means The City or its representatives.

Reviewed or Review means planning, design, or construction work is
accepted by The City without detailed checking of calculations and
application of engineering principles.

Service Life means the specified period of time during which a structure or
any of its components meet or exceed the design performance requirements
of the Design Standard without unforeseen major repairs being
necessary.

Standard Technical Specifications means the written specifications
developed by the City of Calgary and set out The City’s requirements and
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2.2

standards for materials, systems, workmanship and services necessary for
the proper design and construction of transportation bridges and structures.
The Standard Technical Specifications are included in Appendix C of these
Guidelines

Xii. Supplementary Technical Specifications means the written specifications
that are prepared by the Consultant for inclusion in the Procurement
Documents. The Supplementary Technical Specifications may include some
or all of the Standard Technical Specifications.

Xiii. The City means The City of Calgary.

QUALITY AND STANDARDS

General

New design and evaluations of existing bridges and transportation structures shall be
performed by a Professional Engineer experienced in bridge design, employed by a firm
prequalified by The City.

The design shall be independently checked by an experienced bridge engineer or
structural engineer, as applicable to the scope of the design.

Design requirements assigned to construction contractors or suppliers shall be clearly
outlined in the Procurement Documents.

Codes and Standards

All codes and standards shall be the latest edition at the time of design, unless noted
otherwise.

Permanent and Existing Structures

Permanent and existing structures shall be designed in accordance with the CHBDC,
except as noted otherwise in these Guidelines.

Section 14 of the CHBDC shall be used for load limit restrictions of the existing bridges
and for assessment of serviceability or fatigue life of the existing bridge elements. It shall
not be used for justification of a design that does not meet the requirements of other
clauses of the CHBDC.

Use of loads and strength formulas from other codes in conjunction with the CHBDC
requires an investigation, Approved by The City, into compatibility and safety levels with
appropriate calibration of load and resistance factors.

Temporary Structures

Temporary structures shall be designed in accordance with the CHBDC, except for
falsework and formwork, which shall be designed to CSA S269.1, Falsework and
formwork. Temporary access scaffolding shall be designed per CSA S269.2, Access
scaffolding for construction purposes; and CSA Z797, Code of practice for access
scaffold.

Falsework and temporary scaffolding shall be designed and independently checked by a
Professional Engineer licensed in the Province of Alberta.
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Staging and construction design loads and load combinations shall be described on the
Drawings and accounted for. Any exclusions (for example, construction-specific loads)
shall be clearly noted on the Drawings.

Plus 15 and Plus 30 Elevated Walkways

Design of Plus 15 and Plus 30 elevated walkways, connecting two buildings, shall conform
to The City of Calgary Design Guidelines for Plus 15 Structures (2019 edition) and the
Alberta Building Code, unless specified otherwise.

2.3 Quality Assurance
Consultants shall submit a Quality Management Plan (QMP), specific to the scope of the
project. The QMP shall include all stages of design and construction.
The QMP shall be updated as necessary to reflect specific quality checks throughout the
duration of the project.
Compliance with the QMP shall be reported to The City on a regular basis throughout all
stages of design and construction.
Non-compliance with the QMP shall be reported to The City and shall include, as a
minimum:
i. Non-compliance issue
ii. Reason for non-compliance
ii. Rectification of the issue
24 Permits and Regulatory Approvals
Permit and Regulatory Approvals
Below is a list of potential legislation and permits that a project may be required to follow
/ obtain. Consult the City of Calgary’s latest version of Stormwater Management and
Design Manual Chapter 2: Authorizations and Processes for other authorizations and
permits that may be required. As processes are continually changing it is the
consultant’s responsibility to research and identify relevant legislation, agreements, and
permits that may be applicable. This list is not exhaustive.
Legislation potentially requiring permits/approvals:
Governing Legislation Jurisdiction Agency FNC Trigger
Canadian Navigable Federal Transport Canada TC will send
Waters Act questions to the
proponent to clarify
impacts on navigation
for First Nations
Fisheries Act Federal Fisheries and Oceans | Yes, FN right to fish
Canada
Species at Risk Act and Federal Environment and No
Recovery Strategy for Climate Change
Bank Swallow Canada
Historical Resources Act | Provincial Culture and the Status | Yes, if the area is
of Women identified having
potential for
indigenous traditional
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rental

use
Public Lands Act Provincial Alberta Environment Yes, if the area is
and Protected Areas identified as culturally
Alberta Energy significant (i.e. former
Regulatory (oil and gas | residential school
related) site) or where treaty
rights on public land
will be significantly
impacted (i.e. the bed
and shore of a river
and impacts to fish)
Wildlife Act Provincial Alberta Environment Potentially if doing a
and Protected Areas fish salvage, trapping of
wildlife
Environmental Provincial Alberta Environment Yes, if an application
Enhancement and and Protected Areas is required for
Protection Act associated
stormwater
infrastructure
Water Act Provincial Alberta Environment Yes
and Protected Areas
Legislation that does not require permits/approvals:
Governing Legislation | Jurisdiction Agency FNC Trigger
Migratory Bird Federal Environment and No
Convention Act Climate Change
Canada
Canadian Federal Potentially
Environmental
Protection Act (CEPA)
City of Calgary Permits:
Governing Legislation | Jurisdiction Agency FNC Trigger
Development Permit Municipal City of Calgary Land No
Use Bylaw 1P2007
Hoarding Permit Municipal City of Calgary No
Excavation Permit Municipal City of Calgary Streets | No
bylaw 20M88
Utility Alignment Permit | Municipal Appropriate utility No
provider
Overweight and Load Municipal City of Calgary No
Ban permit
Calgary Transit Work Municipal City of Calgary No
Permits
Drainage Permits Municipal City of Calgary No
(Stormwater,
Wastewater)
Pathways ePermit Municipal City of Calgary No
Parks Greenspace Municipal City of Calgary No
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City of Calgary approvals (when required) before construction:

Document City of Calgary Approver
Tree Protection Plan Urban Forestry
Habitat Restoration Plan Urban Conservation
Biophysical Impact Parks/Environment
Assessment
Preliminary Natural Site Parks/Environment
Assessment
ECO Plan Parks/Environment

3. GENERAL DESIGN CRITERIA

31 Design Life and Service Life

Unless Approved otherwise, the Design Life of new bridge structures shall be 75 years,
as stipulated in the CHBDC.

Design Life of noise barriers and overhead sign support structures shall be a minimum of
50 years.

Service Life of bridges, retaining walls, river crossings, , and tunnels shall be 100 years,
with the following exceptions:

i. Bridge size culverts shall be designed for a Service Life of 75 years.

ii. Steel culvert lining systems may be designed for a Service Life of 50 years if
design provisions are made for future replacement of the lining.

Service Life of replaceable components shall be assessed based on manufacturer data,
anticipated deterioration, and life-cycle maintenance.

Hydraulic design shall be in accordance with applicable regulatory authority and TAC
Guide to Bridge Hydraulics.
3.2 Sustainability

Bridges and transportation structures shall be planned, designed, and constructed with
consideration of principles of economic, social, and environmental sustainability
considerations. Consultants are encouraged to use the following reference:
Transportation Association of Canada (TAC) Sustainability Considerations for Bridges
Guide.

Safety

Safety of the structures shall be assured through:

i. Application of design methodology based on Limit States in accordance with
the CHBDC

i. Choice of multiple load-path structural systems (unless Approved otherwise)
ii. Assurance of clear and continuous flow of forces and detailing
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iv. Choice of materials that enhance durability and facilitate maintainability of
the structures

Function

Functional requirements for a structure shall be established or Reviewed and Approved
by The City. The design may proceed upon Approval of the functional criteria. Functional
requirements include:

i Purpose

ii. Use

iii. Location

iv. Environmental and socio-economic impacts
V. Any other applicable terms of reference

Provisions for, or impact on ALL users (that is, motorists, cyclists, pedestrians, wheelchair)
shall be considered in the project functional definition.
Efficiency and Economy

The efficient structural design shall result in minimum use of structural materials as
controlled by safety.

The design shall result in an economic structure. The economy of the design shall be
based on minimum cost controlled by safety, serviceability, and lifetime maintenance.

Unless Approved otherwise, life-cycle costs shall be used along with initial construction
costs in the cost analysis of alternative structure types.

Aesthetic Design

Aesthetic considerations, appropriate to function and location, shall be included in the
design of bridges and structures.

Most City structures will be constructed in urban surroundings, and the visual impact of
the structures on the environment shall be considered in the design.

The proportion and configuration of the bridge elements shall be compatible with the
context of the space and the immediate environment. In the selection of the bridge type
and its components, the following elements shall be considered:

i. Good visibility achieved through provision of large, under-span openings and
avoidance of vertical lines of piers and walls close to the driving lanes.

i. Visual continuity of the bridge form with topography of the environment.

iii. Superstructure geometry: an overall pleasing bridge line achieved through
balanced span-to-depth proportion, smooth horizontal and vertical alignment,
and camber or vertical crest curve of the bridge spans.

iv. Substructure geometry: shape and location of piers, and placement, height,
and shape of abutments.

V. Clarity of function expressed by form.
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Vi. Harmony of all elements of the bridge expressed by compatibility, contrast,
and rhythm of shapes, weight, and materials used.

Proper design of details is essential to producing aesthetic design of structures. The
following elements shall be considered:

i. Use high-quality surface finishes.

ii. Use consistent and compatible shape and colour for all structure
components.

iii. Carefully detail joints; in particular, expansion joints shall be designed to
prevent the uncontrolled flow of water over concrete surfaces and to prevent

staining.
iv. Control surface water runoff from the structures.
V. Use hidden pier caps, diaphragms, and screen walls.
Vi. Carefully plan signage, lighting, and landscaping to complement the

appearance of the structure and avoid clutter.

Vii. Conceal construction joints in exposed concrete surfaces by reveals or other
architectural details.

viii. Avoid smooth surfaces that may encourage graffiti.
Aesthetic design shall be submitted for Approval prior to proceeding to the detailed design
phase.
Environmental Considerations

Bridges and structures shall be planned, designed, and constructed in accordance with
the environmental requirements established for the project site. The design shall include
assessment of possible environmental impacts and measures proposed to mitigate or
minimize adverse impacts.

The environmental exposure conditions shall be evaluated for specific structures, their
location, and micro-climatic exposure conditions.

The design shall consider balancing impacts of the project footprint, with elements of
landscaping and methods of conservation of the natural environment.

Use of environmentally sustainable materials and methods of construction are
encouraged. Materials and products shall be specified through conscientious choices of
the sustainability characteristics, including:

i. Durability, thus enhancement of bridges and structures’ Service Life
ii. Minimum use of natural, non-renewable resources

iii. Use of recyclable and recycled materials

iv. Minimum wastage of space, materials, and energy
V. Energy-efficient processes and products
Vi. Innovative materials, systems, and solutions promoting sustainability

Where stipulated in the project scope, structure design shall incorporate features that
minimize generation and propagation of noise.
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3.3

Refer to Section 4.0, Bridge Geometry, for minimum slopes and grades, and Sections 6.8
and 6.9, Bridge Deck Drainage and Deck Drains, for drainage design requirements.
Sustainable drainage solutions, such as bio-swales, are encouraged.

Special Considerations for Pedestrians, Cyclists, and Reduced Mobility Users

The design, evaluation, and rehabilitation of active transportation bridges shall be in
accordance with CSA S7 Pedestrian, Cycling and Multiuse Bridge Design Guideline.

Planning Considerations

Planning and conceptual design of multiuse bridges and active transportation routes
across vehicular bridges shall consider functional requirements, such as safety, good
visibility, universal accessibility, and connectivity with adjacent pathways and public
transportation facilities.

Design Requirements for Pedestrian Underpasses

Narrow and long pedestrian underpasses shall be avoided unless warranted for a specific
location and Approved.

Should a pedestrian underpass be warranted, consideration shall be given to the following
requirements:

i. Visibility and security of users shall be protected through the use of Crime
Prevention Through Environmental Design (CPTED) guidelines.

ii. Length of the underpass shall be minimized, while the width and vertical
clearance shall be maximized.

iii. Adequate lighting shall be provided throughout the entire structural entry and
exit areas, as per Clause 3.3.5.

iv. Effective drainage shall be achieved through adequate cross-falls and
slopes.
V. The structure shall be durable, easy to maintain, and not encourage graffiti.
Vi. Aesthetics shall be adequate to the context.
Vii. Adequate wayfinding and clearances signage shall be provided.
viii. Non-slip walking surface, such as asphalt or concrete, shall be provided.
Bridge Approaches

Considerations shall be given to provision of safe access and exit areas for active
transportation structures, including:

i. Good visibility at entrance and exit approaches, as well as across the
structure

i Safe connection to pathway and walkway systems
ii. Directional railings
iv. Grab rails if applicable

V. Fence, signage or other means of directing pedestrian and cyclist traffic
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Vi. Approaches to pedestrian structures shall be fully accessible.
Lighting

Lighting design shall generally conform to The City of Calgary Design Guidelines for Street
Lighting and the American National Standards Institute (ANSI) and llluminating
Engineering Society (IES) standard, ANSI/IES RP-8-18, American National Standard
Practice for Design and Maintenance of Roadway and Parking Facility Lighting, latest
edition.

Lighting for active transportation bridges located at LRT stations shall follow The City’s
LRT Design Guidelines.

Street lighting and pathway lighting shall be used for the illumination of pedestrian
overpasses. In areas of transit-oriented design, a minimum average horizontal illumination
value of 50 lux and average vertical of 20 lux is required for stairs, ramps and walkways,
or as specified by the City’s LRT Design Guidelines.

Minimal or no lighting may be appropriate for active transportation bridges located within
parks or other natural areas, subject to Approval, following consideration of CPTED and
safety evaluations, traffic volumes, and the use of the park.

Light standards shall not be located on pedestrian overpasses, except for river crossings
or where Approved otherwise.

Should light standards be required on active transportation bridge structures, their
locations shall be considered at piers and abutments only.

Fatigue impacts of lights standards shall be evaluated, and the design shall be submitted
to The City for Review.

Table 3.3 lists the recommended minimum lighting design criteria for pedestrian tunnels
and underpasses.
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Table 3.3 — Recommended Minimum Lighting Design Criteria for Pedestrian
Tunnels and Underpasses

Time Eavg(Ix/fc) Evmin(Ix/fc) Eavg! Emin

Day 100/10 50/5 3

Night 40/4 20/2 3

Notes:
Ix/fc = lux per footcandle(s)

3.4 Special Consideration for Rehabilitation of Bridges and Transportation Structures

Functional Improvements

Functional improvements for a bridge shall be considered and submitted for Review and
Approval by The City during the rehabilitation preliminary design phase.

Consideration shall be made regarding the following:

e Connectivity to an existing pathway network or missing link

¢ Alignment to the City’s 5A Network or other Council approved policies

¢ Alignment to City’s requirements for a multi-use pathway (MUP)

¢ Required upgrades to the adjoining sidewalks/pathways

e Adequacy of existing bridge barriers and railings to current codes and standards,
including height for cyclists

¢ Review of bridge width and traffic lane configuration, and options for optimizing
bridge cross section for prioritizing active modes and accessibility and reduced
mobility users

e Any recommended environmental and climate adaptation upgrades

Collecting pedestrian, cyclist and vehicle count data should be considered to confirm the
existing demand and to support any changes to the bridge’s level of service. The site
context and amenities such as schools, regional pathways, parks, retail, and transit stops
that would support a pedestrian facility enhancement shall be reviewed.

For bridges that require widening of the structure:
¢ Determine the maximum width the bridge can be widened utilizing existing structural
capacity and the resulting MUP width from this analysis.

e To meet the standard or recommended MUP width, determine any requirements for
structural strengthening.

Constructability of a widening options:
e Determine if the bridge can be widened while also accommodating vehicle traffic.
Lighting

The existing lighting levels for pedestrian and vehicular areas should be determined
through lighting studies on site during the preliminary design phase, and compared to the
current standards as specified in Section 3.3.5
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Consideration for lighting improvements should be recommended as part of the
preliminary design phase.

Functional improvements shall also include environmental and socio- economic impacts
and any other applicable considerations defined in the terms of reference.

4, BRIDGE GEOMETRY
4.1 Vertical Clearances
Vehicular Bridges

Vertical clearance over roadways shall be minimum 5.4 metres (m) (posted), plus 0.1 m
to account for construction tolerance, long-term deformations, and future paving.

Vertical clearance over the federal railways shall be minimum 7.16 m (or 23 feet, 6 inches)
above the base of the rail.

Vertical clearance over LRT tracks shall be a minimum 6.0 m above the top of rail.

Active Transportation Bridges, Underpass, and Sidewalks

Vertical clearance over roadways shall be minimum 5.7 m (posted), plus 0.1 m to account
for construction tolerance, long-term deformations, and future paving.

Vertical clearance over pedestrian pathways and bikeways shall be minimum 3 m, unless
Approved otherwise. This will be measured from the pathways and bikeways to the
underside of the structure, plus 0.1m to account for construction tolerance, long-term
deformations, and future paving.

Vertical clearance over pedestrian pathways and bikeways located in tunnels and
underpasses shall be minimum 3.6 m, plus 0.1 m to account for construction tolerance,
long-term deformations, and future paving, unless otherwise Approved.

4.2 Horizontal Clearances

Vehicular Bridges

Horizontal clearances shall include considerations for any future widening plans of the
roadway below (where applicable).

Horizontal clearances shall include substructure protection by traffic barriers designed in
accordance with the CHBDC, unless the clear zone requirements are met.

Active Transportation Bridges, Underpass, and Sidewalks
Minimum clear widths are outlined in Table 4.2.
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4.3

Table 4.2 — Minimum Clear Widths *

Land Crossings

A. Pathways and sidewalks integrated with interchange bridge structures:

Part of regional pathway system 3.0m
Part of pathway system 25m
Part of sidewalk system 20m

B. Stand-alone structures:

Stand-alone pathway underpasses 3.0m

Stand-alone pathway overpasses 3.0m

River Crossings

A. Pathways and sidewalks integrated with vehicular bridge structures:

Part of pathway system 3.0m

Part of sidewalk system 25m
B. Stand-alone bridges 42m
Notes:

Some locations may require a wider structure, based on site-specific analysis (including land use,
expected user volumes)

*Unless otherwise approved

Grades and Slopes

Vehicular Bridges
Vehicular bridges shall have a minimum grade of 1%, unless otherwise Approved.

Roadway cross-falls shall be 2%, except on super-elevated road alignments, where
special assessment of safety and drainage may be required.

Construction of bridges on spiral horizontal alignments shall be avoided unless Approved.
Safety and drainage analyses shall be required to justify exceptions.

Active Transportation Bridges, Underpasses, and Sidewalks
Longitudinal grade on bridge spans shall be minimum 1% and maximum 5%.

Approach ramps shall be designed with 9-m-long segments sloping up to 1/12 (8.33%)
and intermittent landings 1.5-m-long with 1% longitudinal slope (to facilitate drainage).

Active transportation bridge decks shall be designed for positive drainage with min. 1%
crowns or cross-falls. 1% longitudinal grade min. shall be provided on landings.

Sidewalks integrated with vehicular bridges and active transportation bridge decks shall
be provided with a min. 1% cross-fall, sloping towards the roadway and a minimum 1%
longitudinal grade, unless otherwise Approved.
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4.4

4.5

4.6

Approach Slabs

Vehicular Bridges

Vehicular bridges shall be provided with reinforced concrete approach slabs anchored to
the abutments.

The approach slab shall extend to the lateral limits of the roadway but shall not be integral
with the curbs or barriers or wingwalls to allow differential settlement to occur, unless
otherwise Approved.

Longitudinally, the approach slab shall not extend into the intersecting roadway.

Active Transportation Bridges, Underpasses, and Sidewalks
Active Transportation bridge approach slabs, if used, shall be anchored to the abutments
and shall have a surface finish and slopes consistent with these on the structure.

Horizontal Layout

Vehicular Bridges

Vehicular bridge layout shall be based on the roadway geometry and shall include
allowance for bridge inspection and maintenance (that is, access for maintenance
equipment).

Active Transportation Bridges, Underpass, and Sidewalks

Tight switch-back alignment of ramps shall be avoided. Switch-back landings shall be
round-shaped and shall allow for unobstructed sight lines for both downward and upward
traffic. Cargo lengths bicycles shall at a min. be able to navigate turns at min. 10km/hr.
Additionally, maintenance equipment shall be able to navigate turns and allowance for
turn-around locations for maintenance vehicles shall be provided in the project.

Spiral ramps, if Approved, shall have a minimum radius of 25 m and shall conform to
vertical clearance requirements.

Landings at entry and exit areas shall facilitate the anticipated traffic to and from the bridge
and shall safely direct the traffic to the connecting pathways.

Wayfinding features, landscaping, public art, and viewing features are encouraged within
the approaches of pedestrian crossing facilities.

Other Requirements

Accessibility

Design of access ramps for active transportation bridges shall take into consideration The
City of Calgary Access Design Standards.

The geometric design may be constrained by the land availability. In that case, an
Approval of an alternative accessibility feature is required.

Access via stairs only requires Approval.
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4.7

Grab Rails and Railing

Pedestrian railings shall be 1,050 millimetres (mm) high. Bicycle or mixed-use bridge
railings shall be 1,400 mm high.

Pedestrian railings shall be constructed such that the maximum clear distance between
solid elements (that is, vertical pickets or posts) of the railing shall not exceed 100 mm
within a height of 1,050 mm.

Pickets shall not be required between the top pedestrian rail and horizontal bicycle rail.

In some locations, railings higher than 1,400 mm may be required. Refer to project-specific
requirements.

Grab rail at the height of 865 mm to 965 mm (from wearing surface to top of rail) shall be
required on all sloped ramps and the intermittent landings. Grab rail section diameter shall
be between 30 and 43 mm.

Grab rails are required on pedestrian bridges with approach ramps, unless otherwise
Approved. Exceptions may be considered for bridges with less than 5% longitudinal grade,
upon Approval.

Design of railings shall discourage climbing and shall be subject to review by The City.
Posts and pickets shall be vertical.
Light Rail Transit

For bridges located over LRT tracks, railings shall be grounded per The City of Calgary
Transit LRT Design Guidelines

For bridges located over LRT tracks, protective shrouds shall be required over the
catenary wires. Refer to the LRT Design Guidelines for details.

Additional design requirements may be provided by Calgary Transit for specific project
elements.

Tall street structures, such as cable-stay towers or up-stand arches, shall be grounded.

Clear Zones and Crash Walls

Structural elements located within the LRT, Canadian Pacific Kansas City (CPKC) or
Canadian National Railway (CN) clear zones shall be protected by a suitably designed
crash wall.

Bridge supports located within clear zones shall be protected in accordance with the
CHBDC.
Finishes, Curb, and Joints

Pedestrian wearing surfaces shall be broom finished or shall have an Approved non-slip
finish.

Pedestrian overpass and bridge sidewalk curbs shall be minimum 75 mm high unless
otherwise Approved.

Concrete bridge barriers located between roadway and sidewalk shall be furnished with
control joints spaced such that their locations coincide with sidewalk-to-roadway drainage
openings.
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4.8

5.1

5.2

Pedestrian deck expansion joint cover plates shall be coated with PPG Protective &
Marine Coatings SFT 675 (grey) non-slip coating or Approved equivalent.

Camber and Deflections

Bridges shall be built to match the profile grade after permanent dead load has been
applied.

Steel girders typically shall be cambered for 100% of dead load effects. Self-weight,
superimposed dead loads, and final roadway grade line shall be considered. Data shall
be presented on a camber diagram on the Drawings that show overall camber, as well as
net camber values for individual fabrication segments.

For precast girders, camber and deflection diagram(s), including effects of prestressing,
post-tensioning, and stages of construction, shall be shown on the Drawings. Camber
shall be designed to include the effects of creep and shrinkage. The design height of
haunches shall be shown on camber diagrams. Verification and adjustment of the height
and reinforcing of haunches shall be made at all applicable stages of construction.

For cast-in-place (CIP) concrete superstructures, elevations for setting of forms, camber,
and deflection shall be shown on the Drawings.
Deflections on Pedestrian Bridges

The following maximum limits of live load (LL) deflections shall apply:

i. Pedestrian Load Span/500
ii. Maintenance Vehicle Load Span/500
iii. Cantilever due to Pedestrian LL Cantilever Length/300
iv. Horizontal Deflection due to Wind Span/500

These limits shall not replace other serviceability design criteria, provided in the CHBDC
and the Commentary, which may result in more stringent deflection limits.

LOADS AND LOAD EFFECTS

General

Bridge and structure design shall be based on the limit states philosophy, with equal
emphasis being given to ultimate limit states (ULS), serviceability limit states (SLS) and
fatigue limit state (FLS), in accordance with the CHBDC and CSA S7 as applicable.

Service Life design shall provide an adequate plan for supporting the assumptions of the
Limit States design.
Live Load

The design live load for new bridge structures shall be a CL-800 truck load increased by
dynamic load allowance or CL-800 lane load. The uniformly distributed portion of the CL-
800 lane load shall be 9 kilonewtons per metre (kN/m) and shall have a width of 3.0 m.

Overload trucks shall not be used for new bridge design.
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5.3

5.4

5.5

5.6

5.7

The design live load for bridge rehabilitation shall be CL-625 truck load or CL-625 lane
load.

Existing bridges shall be evaluated using Load Evaluation Trucks CL1-800, CL2-
800, and CLS-800 and specific overload trucks provided by The City.
Pedestrian Load

Pedestrian load shall be included in the design for all designated occupancy areas, such
as sidewalks and pathways on bridges, or pedestrian bridges and ramps, in accordance
with the CSA S7.

Pedestrian dynamic loading is an important consideration for pedestrian bridges. The most
dynamically susceptible bridges would be those having vertical natural frequencies of 1.7-
2.4 hertz (Hz) and horizontal frequencies less than 1.3 Hz. Careful dynamic analysis and
design of dynamic response control system may be required.

Maintenance Vehicle Load

Maintenance Vehicle Load shall be considered, along with snow load on a bridge where
the geometry of the facility warrants entry of small snow removal vehicles.

Maintenance Vehicle Loads for sidewalks on bridges shall be included at the ULS only.
Maintenance Vehicle Loads for active transportation bridges shall be considered at both
the ULS and SLS.

Multiple Use Structure Loads

For live loads and load factors on bridges that carry LRT in addition to vehicular traffic,
refer to The City of Calgary Transit LRT Design Guidelines.

Vehicle Collision Load

Bridge piers located within 10 m from the edge of the road pavement shall be designed
for a collision load, regardless of the presence of guardrail, unless otherwise Approved.
The magnitude and application of the equivalent horizontal static force shall be in
accordance with the CHBDC.

LRT underpasses shall be designed for a collision load as specified in The City of Calgary
Transit LRT Design Guidelines; however, in no case shall the total factored load effect of
the collision load and the relevant load combination be less than that specified herein.

Construction Loads

Construction dead load shall include weight of materials, formwork, falsework, stationary
lifting devices, and equipment.

Construction live load shall include weight of workers, equipment, and other elements
subject to movement during construction at the construction stage considered.

Concurrent loads due to wind, ice, stream flow, and temperature change shall be
considered at a 10-year return period, as applicable.

The magnitude and type of construction loads included on the design shall be clearly
described on the Drawings.
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5.8

5.9

5.10

5.11

6.1

Seismic Loads

Seismic analysis and design shall be based on requirements pertinent to Seismic
Performance Zone 1 in the CHBDC.

Methods of Analysis

A simplified method of analysis may be used for short- and medium-span bridges
conforming to the conditions stated in the CHBDC.

Regardless of the method of analysis, load distribution factors used for girder design shall
be shown on the Drawings.

All relevant structural responses, including time-related deformations, shall be analyzed.
Refined methods of analysis shall be selected based on the criteria outlined in the CHBDC.

Diaphragms

Intermediate diaphragms are required in bridges with steel or concrete girders and
concrete deck systems, unless otherwise Approved. Concrete diaphragms are required
over piers supporting concrete superstructures.

Construction and Temporary Load Conditions

During design, evaluation of the structure for the following temporary construction load
conditions shall be performed:

i. Prior to superstructure installation, where applicable
ii. During all stages of superstructure installation and deck casting

The assumed magnitude of construction loads, methodology, and sequence shall be
included in the Drawings Notes. Any deviation from these assumptions made by the
contractor shall be submitted to the designer for review and approval.

The EOR shall review the proposed changes if applicable.

DURABILITY

General

Consideration shall be given in all aspects of design to minimizing the deterioration of the
structure components and systems, and to ensuring the anticipated performance during
their Service Life.

Structural design and detailing shall focus on minimizing the impacts of such
environmental factors as temperature variations, snow, ice, salt, rain, wind, and solar
radiation. The relevant site investigation shall include testing of soils, groundwater, local
runoff water, and atmospheric pollution levels and, where applicable, drainage system
discharge, to detect corrosive substances.

Durability shall be ensured by selection of the proper structural systems, adequate design
for strength and serviceability, choice of materials, as well as adequate detailing and
quality assurance (QA) and quality control (QC) during design, fabrication, and
construction.
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6.2

6.3

Mixing different types of concrete mixes within one structural element shall not be allowed
unless the structural elements are separated by separation joints or unless Approved.
Traffic Splash Zone and Severe Environmental Conditions

The Traffic Splash Zone is defined as 5.8 m above and 10 m away from the roadway
pavement surface and extents, respectively.

Structures are subject to severe environmental conditions (SECs) when exposed to de-
icing chemicals, freeze-thaw, and prolonged moisture conditions.

Structure surfaces within the Traffic Splash Zone are exposed to SECs. If a portion of a
structural element is within the Traffic Splash Zone, then the entire structural element is
to be considered exposed to SECs.

Concrete Structures
The drawings and specifications shall indicate the concrete strength, exposure class,
and concrete mix type to be applied to each concrete element.

The following Standard Technical Specifications applicable to concrete structures and
components are included in Appendix C of these Guidelines:

Section 02466 Drilled Concrete Piles

Section 02850 Noise Barriers

Section 03300 Cast-In-Place Concrete

Section 03200 Concrete Reinforcement

Section 03301 High-Performance Concrete

Section 03302 Precast Concrete Supply, Fabrication, and Installation
Section 03483 Mechanically Stabilized Earth Retaining Walls

Durability of concrete structures shall be achieved through:
i. Diligent design and thorough detailing
ii. Use of high-performance materials
iii. Selection of and protection of reinforcing steel

iv. Application of concrete sealers and deck protective systems

Concrete Cover to Reinforcing

The requirements for concrete cover over reinforcing steel shall be as shown in Table 8.5
of the CHBDC, except as specified in Table 6.3 of these Guidelines.
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6.4

Table 6.3 — Surfaces Exposed to De-lcing Chemicals, Cover to Principal Reinforcing®

Structure Element Concrete Cover?¢ and Tolerances

Concrete Decks

Top Surface 70 + 5/-10mm

Soffit 50 + 10mm

Traffic Barriers

Front Surface 70 — 5mm
Back Surface 70 — 5mm
Median, Curbs 60 + 10mm / -Omm
Substructures and Retaining Walls®- 70 +10mm / -Omm

Precast T, I, and Box Girders®

Soffit 40 + 10mm / -Omm
Exterior Surface 35 + 5mm /-0mm
Precast Panels for Retaining Walls 60 + 10mm / -Omm
Notes:

@ Carbon and galvanized steel

® Average concrete cover as placed shall conform to the specified values, excluding the tolerances (i.e., tolerances shall
apply to construction only).

¢ Concrete cover to stainless steel and non-metallic reinforcement may be reduced by 10 mm.
9 Front surface within Traffic Splash Zone.
¢ Girders of bridges spanning over the roadways shall be considered exposed to de-icing chemicals.

The applicable concrete covers shall be shown on the Drawings.

For bundled bars, the concrete cover shall be the smaller of the diameter of a single bar
having an area equal to that of the bundle and 50 mm, but not less than that given for
single bars. Bundled bars shall not be specified for use within 100 mm of surfaces exposed
to SECs.

Anchorages and mechanical connections for bars shall have a concrete cover of at least
that specified for reinforcing bars.

Anchorages and mechanical connections for post-tensioning tendons shall have a
concrete cover sufficient to eliminate concrete splitting, and not less than that specified for
post-tensioning ducts.

When deformed reinforcing bars are in contact with other embedded items, such as post-
tensioning ducts, the actual bar diameter, including deformations, shall be considered in
determining the design dimensions of concrete members in applying specified concrete
covers.

High-Performance Concrete

High-performance concrete (HPC) shall be used for structure components exposed to
SECs. Typically, the following elements shall be constructed using HPC:
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6.5

i. Bridge decks on concrete or steel girders, including diaphragms, blockouts,
and grout keys

ii. Exposed CIP concrete superstructures

iii. Bridge substructure components and earth-retaining structures within the
Traffic Splash Zone (Clause 6.1.4)

iv. All concrete curbs, medians, bridge sidewalks (pathways), sign and light
standard supports, and walls within the Traffic Splash Zone

V.
Vi. Bridge abutment back walls, screen walls, and full depth of wing walls
Vii. Precast girders

viii. Bridge approach slabs

HPC need not to be used where corrosion-resistant, non-corrosive reinforcing has been
specified, subject to Approval.

Use of HPC for specific elements of the structures shall be shown on the Drawings and
shall be Approved.

Standard Technical Specification Section 03301, High Performance Concrete, included in
Appendix C, shall be used for construction of applicable HPC components, unless
otherwise Approved. Any modifications to Section 03301 require Approval.

In accordance with CSA A23.1, Concrete materials and methods of concrete construction,
Clause 4.1.1.1.3, where more than one exposure condition applies, if sulphate
concentrations are present in combination with determined exposure to chlorides,
sulphate-resistant cement shall not be used. HPC shall be used instead.

Protective Coatings

Post-tensioning Ducts

Sheaths for internal post-tensioning ducts shall be made of bright steel, galvanized steel,
or polyvinyl chloride (PVC).

Concrete Inserts

Exposed inserts and plates shall be protected from corrosion by Approved methods, such
as stainless steel material.

Corrosion Protection for Reinforcement

The following reinforcing material may be included in the design of the bridge and structure
components exposed to severe conditions, as described in Section 6.1.4 of these
Guidelines. Approval of the proposed corrosion protection system is required.

i. Low-grade duplex stainless steel

ii. Hot-dip galvanized reinforcing steel grade 400W, meeting requirements of
Section 8 of the CHBDC for reinforcing steel.

iii. Non-metallic concrete reinforcing as fibre-reinforced polymers (FRP) upon
Approval
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iv. Low carbon, chromium reinforcing steel confirming to ASTM A1035/A1035M-
20.

Epoxy-coated reinforcing steel shall not to be used except in special cases, upon
Approval.

Detailing of reinforcing steel shall be compatible with the type of protection system used.
Special care during handling, installation, and concrete placement will be necessary to
avoid abrasion of coating.

Galvanized reinforcing shall be fabricated, galvanized, handled, and placed in accordance
with Standard Technical Specification Section 03200, Concrete Reinforcement, included
in Appendix C. ASTM A767/A767M, Standard Specification For Zinc Coated (Galvanized)
Steel Bars For Concrete Reinforcement, shall be used for galvanizing reinforcing steel, as
modified by Standard Technical Specification Section 03200.

Use of dissimilar metals in contact may form a galvanic cell and shall be avoided.
Alternatively, the dissimilar metals shall be separated by use of Approved non-corrosive
materials. Method of separating dissimilar metals shall be clearly shown on the Drawings.

Sealers

Only Approved sealers shall be used. Designers shall refer to the current version of Alberta
Transportation list of approved concrete sealers. Classification of sealers conform to
Alberta Transportation concrete sealer classification. All sealers shall be applied in
accordance with the manufacturer's recommendation. The drawings and specifications
shall indicate what classification of sealer is to be applied to each concrete element.

Penetrating sealers (Type 1c for new concrete, Type 1b for existing and repaired concrete)
shall be used in the following structural elements, unless otherwise specified and

Approved:
i. Exposed (that is, not paved) surface of bridge decks
ii. All exposed surfaces of medians and curbs, except for surfaces coated with
pigmented sealers
iii. Bridge sidewalks and pedestrian bridge decks
iv. Bearing seats

Pigmented sealers (Type 3) shall be applied to the following structure elements:
i. Exterior (side) surface of superstructure
ii. Soffit of superstructure of pedestrian bridges

iii. Soffit of exterior girders

iv. Deck fascia, including soffit of cantilevered deck

V. Concrete railing balustrades all surfaces

Vi. Substructure of pedestrian bridges and highway bridges (unless specified
otherwise by The City)

vii. Traffic barriers, all surfaces

Viii. Other structural installations and elements, such as retaining walls or noise

walls, as required by site-specific design considerations and as Approved
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6.6

6.7

Banff Beige and Concrete Gray pigmented (Type 3) sealers are typically used for these
applications, unless otherwise Approved.

Structural Details

Structural detailing shall include provision of air circulation within the structural
components. All formwork material shall be removed from the superstructure elements,
such as box girders, unless otherwise Approved.

Steel stay-in-place forms shall not be used. Concrete stay-in-place forms may be used,
subject to Approval.

Voids, drain holes, and other structure discontinuities shall be detailed to prevent entry of
birds, insects, or animals.

Surfaces that are susceptible to nesting of birds shall be protected by use of bird deterrent.
Proposed system is to be submitted for Approval.

Bearing seats shall be designed to minimize exposure to salt-laden water runoff or
accumulation of debris. The bearing seats shall be sloped at 3% away from the bearing
assemblies. Level areas suitably sized for jacking of the superstructure during bearing
replacement shall be provided and detailed such that water runoff is not blocked.

Dapped-end girders and step-support configuration are not permitted unless Approved.

Structural elements shall be detailed to minimize the number of pockets, recesses, and
other means of water and debris traps. Pockets or recesses in the top surface of bridge
decks are not permitted.

Precast concrete element connections using steel hardware exposed to environmental
conditions are not permitted.

Acceptable locations of construction joints shall be shown on the Drawings.

Bridge deck joints may be a source of structural deterioration, thereby giving rise to a
major bridge maintenance demand. Consideration shall be given to minimizing the use of
expansion joints by providing deck slab continuity at intermediate supports and, where
feasible, to semi-integral abutment system.

Expansion joint glands shall be resilient to traffic and roadway debris abrasion.

Joints between bridge abutment back wall and approach slab, or between integral
superstructure and approach slab, shall be sealed.

Concrete slab elements, such as vehicular bridge integrated sidewalks and pedestrian
bridge decks and ramps, shall be detailed to include control joints capable of sustaining
local extreme heat temperatures.

Drainage

A nominal slope shall be provided on the surfaces of concrete elements to facilitate
drainage away from the structure. Water shall be directed to appropriate catch basins or
settling areas.

The use of swales is recommended adjacent to walls to help direct water away from the
structure.
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6.8

6.9

6.10

Drainage measures shall be clearly outlined on the Drawings. Preliminary design of the
drainage system shall be submitted for review by The City at the preliminary design review
stage.

Bridge Deck Drainage
For minimum grades and slopes, refer to Section 4.0, Bridge Geometry.

Vertical curves on bridge decks shall provide a minimum grade of 1%, unless otherwise
Approved. If the longitudinal grade is less than 1%, additional drains or special sloping of
the gutters may be required.

Deck drainage shall not be discharged on unprotected embankments or any travelled way
(either vehicular, railroad, or pedestrian). When applicable and feasible, drain pipe shall
be hidden from the view of oncoming traffic.

Special consideration shall be given to drainage design of bridges with decks on horizontal
curves. Additional drainage measures will be required in those areas of superelevated
surfaces to avoid ponding.

Long-term deformations, such as creep, shall be considered in the design of bridge deck
drainage.

Deck Drains

Bridge deck drainage requirements shall be determined based on project-specific design
and drainage volume analysis, based on the most updated local rainfall data. Bridge drains
are generally not required on bridge structures less than 100 m long if they have full-width
shoulders, adequate cross-slopes, and adequate catch basins on the bridge approaches.

Drains shall be located in the areas of maximum flow. Drains shall be of minimum 200-
mm diameter for roadway bridges and 100-mm diameter for pedestrian bridges. For the
protection of pedestrians, one dimension of each opening shall not be greater than 50
mm. The grate inlet top surface shall be set slightly lower than the surrounding finished
surface, and the finished surface shall be slightly dished around the inlet. The dishing shall
not be deeper than 20 mm.

Bridge drainage systems shall avoid horizontal runs of drain pipe if a reasonable
modification to the design of scupper spacing permits the placement of drains adjacent to
piers at the low end of spans. Where horizontal runs of drain pipe cannot be avoided, the
minimum slope shall be 8% or unless other means of protection against freezing and
clogging are used.

The use of scuppers for deck drainage shall be minimized. Scuppers or deck drains shall
pipe the drainage to the stormwater drainage system. All drainage hardware shall be
galvanized.

Deck waterproofing membrane shall be adequately detailed around deck drains and along
the gutter lines to disallow water penetration underside the membrane.

Drip Grooves

Continuous drip grooves underside of outer edge of superstructure shall be provided.
Drip grooves shall be 20 mm deep and minimum 50 mm wide.

Minimum cover to reinforcing shall be maintained at the drip grooves.
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6.11

Utilities on Bridges and Structures

The application process for utility providers appears in The City’s Application Process for
Utilities on Bridges and Structures in accordance with Bylaw Number 17M2016, Municipal
Rights-of-Way.

These Guidelines apply to both newly constructed City-owned bridges and structures and
to existing bridges and structures.

No fluid-carrying or gas utility lines shall be placed on or under the bridge superstructure,
unless otherwise Approved.

Utility attachments may create interference with future work, including scheduled and
unscheduled maintenance of City-owned infrastructure. Such work can result in disruption
of the utility in the process. For these reasons it is The City’s policy to discourage utility
attachments to bridges or structures. Utility Owners are required to seek alternative routes
to accommodate their own infrastructure whenever possible.

The City shall retain full ownership of any conduits, ducts, fluid and gas carrying pipes,
manholes, pullboxes, and access points it constructs in or on or its bridges and structures.

Should the Utility Owner demonstrate to The City’s satisfaction that no other route is
feasible, The City retains the right to install the conduit, duct, or fluid and gas carrying
pipes, and shall work with the Utility Owner to ensure conduit, duct, or fluid and gas
carrying pipe space addresses the need of the applicant in so far as the bridge or structure
design allows. Conduit, duct, or fluid and gas carrying pipe space shall be allocated by
The City on a fair and equal basis.

All Utility Owners wishing to place infrastructure across or adjacent to bridges and
structures will require a current Municipal Consent and Access Agreement (MCAA) or
equivalent agreement with The City. As-built Drawings shall be provided to The City
according to the terms and conditions outlined in the MCAA.

Licensing rates are available from The City. Carriers shall sign a licensing agreement with
The City.

As a condition of the Approval to licence conduit or duct space, or the Approval to attach
to City-owned bridges or structures, the Utility Owner shall agree that the infrastructure it
deploys is not the sole method of access for any emergency service and that alternative
routing can be used in the event that their infrastructure on the bridge or structure is
compromised by any act, including fire, flood, or vehicle strike.

Should The City choose not to construct, but grant Approval to the Utility Owner to
construct or attach, such construction shall be in accordance with the following:

i. Utilities, if Approved, shall be placed in non-corrosive-type conduits, located
in non-structural elements or in low-stress areas of secondary components.
All utilities and attachments shall be of non-corrosive material or galvanized
steel. The attachments to primary structural elements, if Approved, shall not
compromise the structural integrity or long-term durability of structures.
Attachments to bridge deck soffit will not be permitted.

ii. At transition points, such as expansion joints, couplings, and fittings, shall be
capable of accommodating the bridge transition. An allowance shall be made
for a vertical movement due to bridge jacking during bearing replacement.
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6.12

6.12.1.1

6.12.1.2

6.12.1.3

6.12.1.4

iii. The proposed technical information regarding utility conduit details,
alignment, supports, and attachments to a structure shall be submitted to for
Review. All comments and revisions shall be implemented, and final
documentation shall be authenticated by a Professional Engineer registered
in the Province of Alberta and filed with The City for Approval.

Steel Structures

The following Standard Technical Specifications applicable to steel structures and
components are included in Appendix C of these Guidelines:

Section 05120 Structural Steel Supply and Fabrication
Section 05500 Metal Fabrications

Section 05650 Bridge Bearings

Section 05820 Expansion Joint Assemblies

Section 09719 Coatings for Steel

Uncoated Weathering Steel
The suitability of weathering steel for bridges shall be assessed on a case-by-case basis.

A proposal to use weathering steel shall be submitted for Review, and consideration shall
be given to the context of surroundings, aesthetic design, and life-cycle durability.

Handling and Cleaning

Weathering steel, if Approved, shall be cleaned and handled in accordance with the
Standard Technical Specifications.

Substructures shall be protected from staining by proper detailing of steel girders,
application of protective coating in the proximity of the substructure, and channeling of
water runoff from the steel girder surfaces along bearing seat concrete to a grooved flute
down the substructure wall as applicable.

Painting of the exterior girder and fascia may be required as an aesthetic enhancement.

Corrosion Protection
Dissimilar Metals

Careful attention shall be given in selecting combinations of metal components that do not
promote corrosion of dissimilar metals.

Provisions shall be made to provide proper separation of dissimilar metals if the use of
dissimilar metals is unavoidable.

Use of separation materials or coatings shall be detailed in Drawings where dissimilar
metal contact may occur.

Stainless Steel
Use of stainless steel as a corrosion protection system is encouraged.

Grade of stainless steel shall be selected for the type of exposure conditions and
functional application.

Structural Steel Paint System
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6.12.1.5

6.12.1.6

6.12.1.7

6.12.1.8

If Approved, steel structures may be painted with an Approved, high-quality, durable
coating system.

All structural steel bridge members that require paint coating shall receive a three-coat
paint system in accordance with Standard Technical Specification Section 09719.

A warranty form for the paint system is included in Appendix D of these Guidelines. When
a painting system is used. this form shall be included with the Procurement Documents.

Galvanizing
Galvanizing of Structural Steel Members

Galvanizing of structural steel shall be performed in accordance with Standard Technical
Specification Section 05120, Structural Steel.

Repairs of galvanized elements shall be made using sprayed zinc (metalizing), unless
otherwise Approved.

If Approved, galvanized elements may be repaired using zinc-rich paint, such as ZINGA.
Zinc-rich paint shall contain a pure zinc content of at least 95%.

Galvanizing of Bolts for Bridges

All anchor bolts, tie-down hardware, and miscellaneous steel (including ladders, platforms,
grating) hardware shall be hot-dip galvanized.

ASTM F3125/F3125M Grade A325M (fine thread) bolts, if required, shall be mechanically
galvanized when used (mixing not permitted) either with galvanized steel components, or
coated with single-coat inorganic paint systems when slip-critical connections are used.

Galvanizing of Bolts for Miscellaneous Structures

Bolts for connections of structural steel members of miscellaneous structures other than
bridges, including overhead sign structures, traffic mast arms, and ground-mounted signs,
shall be —~ASTM F3125M, Grade A325M, and shall be hot-dip galvanized, or stainless
steel, unless otherwise Approved.

Design and Detailing

Deck Joints

Generally, steel-girder superstructure shall be combined with jointless concrete deck
construction.

Deck joints on steel girder superstructures shall be erected by bolting to girders. Bolted
connections shall use slotted holes to provide adjustment in all directions.

Steel Girders

Vertical connection plates, such as transverse stiffeners, which are used for connecting
diaphragms or cross-bracing, shall be rigidly connected to girder flanges.

End-diaphragms shall be a minimum of 50% of girder depth for wide flange girders and
75% of girder depth for plate girders.

Crevice-creating details shall be avoided when possible; therefore, the use of stiffeners
and bracing shall be minimized.

Fracture-Critical Elements
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6.12.1.9

6.13

6.14

6.15

Fracture-critical elements and primary tension members shall be clearly identified on the
Drawings.

WT (or AT) steel grades in compliance with CSA G40.20/21, General requirements for
rolled or welded structural quality steel/Structural quality steel, or Approved alternate
grades, shall be used for all fracture-critical and primary tension members.

Charpy V-notch test values specified shall be appropriate for the nature of the element
and for the design service temperature and shall be consistent with the requirements of
the CHBDC.

Welding

Field welding is not permitted, unless otherwise Approved. All Approved field welds shall
be detailed on the Drawings.

Steel structural elements shall be welded using continuous welds, regardless of structural
requirements.

Prior to the commencement of steel fabrication, a meeting shall be set up with the
fabricator, Contractor, Engineer, and The City representatives to discuss the fabrication
process and QA/QC procedures.

Welding of steel members after galvanizing is generally not acceptable. In some
exceptional cases, upon submission of a detailed procedure, welding of steel components
after galvanizing may be allowed.

QA/QC requirements for the welding program shall be project-specific, and any Approved
variance from the Standard Technical Specification shall be clearly outlined on the
Drawings.

Masonry Structures

The following Standard Technical Specification applicable to masonry structures, such as
noise walls, is included in Appendix C of these Guidelines:

Section 02850 Noise Barriers

Only pre-approved masonry products and systems shall be used for noise walls and
retaining walls.

Masonry products shall not be used for highway-loaded ramps or retaining walls in Traffic
Splash Zones (Section 6.1.4), unless otherwise Approved.
Other Materials

The composition, properties, and performance of materials not specifically covered in
these Guidelines or in the reference standards shall be specified by considering design
loads and environmental degradation during the structural component’s Service Life.

All new materials and products proposed for application in bridges and structures shall be
pre- Approved or submitted for Review and Approval.
Inspection and Maintenance Access

Provisions shall be made in bridge design and detailing to accommodate routine bridge
condition inspections of all bridge components.
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6.16

6.17

71

7.2

Sizes, location, and clearances shall be designed to enable access to all components for
inspection and maintenance activities.

Overlays

Unless otherwise Approved, vehicular bridge decks approach slabs shall receive a deck
waterproofing membrane complete with protection board and two layers of asphalt overlay
in accordance with Standard Technical Specification Section 07100 included in
Appendix C.

Polymer modified asphalt overlay may be used for some specific bridge locations, such
as widening of an existing structure with similar overlay or in deck rehabilitation, in
accordance with the Standard Technical Specifications Sections 02510(a) and 02510(c).
Construction

The quality of materials, construction or performance standards, and performance of final
products shall be specified on Drawings or in the Technical Specifications. QA standards
and methods shall be specified on Drawings and in the Technical Specifications.

Conformance of the construction with the Technical Specification and Drawings is vital to
achieving durability of structures consistent with the Service Life design. Deviation from
construction methods from those assumed by the Engineer may cause load effects, built-
in stresses, and component resistances different from those anticipated in the design.
Construction loads and methods assumed and accounted for by the designer shall be
outlined on the Drawings.

The EOR shall be responsible for verification of construction compliance in accordance
with the Agreement.

Alternate methods of construction may be proposed by a Contractor to the EOR for review
and consideration. A recommendation authenticated by the EOR shall be submitted to
The City prior to commencement of the proposed alternate method of construction.

SERVICEABILITY LIMIT STATES

General
Structural components shall be designed to satisfy the requirements for:
i. Crack control
i Stress limits
ii. Deformation control
iv. Vibration control (for bridges only)
Structures shall be designed and constructed as robust as necessary to satisfy the
required Service Life with a minimum amount of foreseen maintenance.
Crack Control

Cracks in reinforced and partially prestressed concrete structures are anticipated to occur;
however, crack width and spacing shall be controlled by adequate and well-detailed
reinforcement.
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Precompression of concrete superstructures, thus preventing cracks under tensile
stresses through use of prestressed concrete, is required. Partially prestressed bridge
components shall have sufficient amount of prestress so that under permanent loads, the
cracks caused by live load remain closed.

For best crack control detailing, the reinforcing bars shall be located closer to the tensile
face than the prestressing tendons.\

The EOR shall be responsible for verification of construction compliance with relevant
requirements of the drawings and specifications to crack control.
Crack Control and Reinforcement

Crack control shall be implemented by limiting the crack widths using one of the method
specified in this section.

At SLS, if the tension in concrete exceeds fcr, the crack widths shall be calculated using
a method proposed in CHBDC.

Cracks shall not be wider than the following values in Table 7.2.1:

Table 7.2.1 - Allowable Crack Widths

Concrete Type Concrete Exposed to De-icing Concrete not Exposed to
Chemicals De-icing Chemicals

Non-prestressed Concrete 0.25 mm 0.30 mm

Prestressed Concrete 0.15 mm 0.20 mm

Note:

Concrete decks (with or without waterproofing membrane) are considered surfaces that are subject to spray or surface
runoff containing de-icing chemicals. Girders of bridges spanning over the roadways shall be considered exposed to
de-icing chemicals.

Amount and Distribution of Tension Reinforcement

Crack control shall be achieved by proper distribution of tension reinforcement in the
zones of maximum tensile stresses, selection of bar sizes, reinforcement ratios, and
control of stresses at SLS.

The conditions of Table 7.2.2 shall be met to satisfy the crack control requirements:

Table 7.2.2 - Distribution of Tension Reinforcement

Requirement Concrete Exposed to Chlorides Concrete Exposed to Freeze Thaw
Conditions
Maximum tensile stress 180 MPa 200 MPa
in reinforcing steel, fs
Maximum bar spacing 200 mm 20d or 300 mm, whichever is less
Maximum bar diameter 20M for reinforced concrete; 20M for reinforced concrete;
15M for prestressed concrete 20M for prestressed concrete

Shrinkage and Temperature Reinforcement

Shrinkage and temperature reinforcement normal to the principal reinforcement shall be
provided in each face of concrete structural elements.
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The shrinkage and temperature reinforcement shall be provided as required by the
analysis, but not less than 15M at 250 mm in each face and each direction, unless
otherwise Approved.

7.3 Stress Limits
Under the service load conditions, the limitation of stresses may be required for:

i Tensile stresses in concrete— Limitation of tensile stresses in concrete is an
adequate measure to reduce probability of cracking.

ii. Compressive stresses in concrete — Limitation of compressive stress in
concrete controls plastic strains and longitudinal cracks.

iii. Tensile stress in reinforcing steel — Limitation of tensile stress in
reinforcement reduces uncontrolled cracking.

The stresses at SLS loads shall include any effects of redistribution of moments due to
creep, shrinkage, and relaxation of prestressing steel.
74 Deformation

Dimensional changes, deflections, and rotations shall be included in the design to provide
proper and safe functioning of the structures, avoidance of damage to non-structural
elements, and good appearance. Effects of short- and long-term deformations shall be
analyzed and included in the design and detailing of structures. Structures shall be
designed with camber to compensate for long-term deformations of concrete.

All flexural members shall have adequate stiffness to limit deflections and to control
vibration, which may adversely affect the strength or serviceability of the structure.
Deflections and vibration control shall be designed in accordance with the CHBDC.

7.5 Vibration

General
Vibrations of structures may affect serviceability as follows:
i. Functional effects (for example, discomfort of pedestrians)
i Structural effects on secondary and non-structural elements
The vibration behaviour of structures can be influenced by the following measures:

i. Change of the natural frequency by changing the rigidity of the structure or
vibrating mass

i. Increase of the effectiveness of damping features

Superstructure Vibration
Design and Construction of New Bridges

Dynamic design analysis shall be performed for all bridges with spans longer than 20 m,
or with the first flexural frequency less than 6 Hz.

Design to control vertical, transverse, and longitudinal vibrations of bridges used by
pedestrians shall be in accordance with the CHBDC.
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8.1

8.2

9.2

Wind, traffic-induced vibrations, as well as the load of pedestrians traversing the
superstructure shall be considered.

Modifications to the Existing Bridges

Dynamic analysis shall be performed to assess impacts of superstructure modifications,
particularly where the original first flexural frequency of the structure has been altered as
a result of the modifications.

FATIGUE LIMIT STATE (FLS)

Design for FLS shall consider the requirements of Clause 5.11, Dynamic Analysis, of the
CHBDC.

Reinforced and Prestressed Concrete

Fatigue design shall be performed for structural elements, and the requirements of FLS
shall be satisfied. Special care shall be exercised in areas of complicated load path. In
partially prestressed concrete members, fatigue is considered a critical limit state.

Tack welding of reinforcing bars is not permitted. Tight bends and welded joints of
reinforcing steel shall be avoided in areas of high stress range.
Structural Steel

The fatigue criteria for structural steel shall be in accordance with the CHBDC.

DESIGN OF FOUNDATIONS AND EARTH-RETAINING STRUCTURES

Scope
This section describes the structural design requirements for the following:
i. Foundations
i. Retaining walls, including MSE walls
iii. Buried reinforced concrete and steel structures
iv. Portal structures

The following Standard Technical Specifications applicable to foundations and earth-
retaining structures are included in Appendix C of these Guidelines:

Section 02455 Driven Steel Piles
Section 02466 Drilled Concrete Piles
Section 03483 Mechanically Stabilized Earth Retaining Walls

Codes and Specifications
The design shall, where applicable, be in accordance with the requirements of:
i. the CHBDC

i The Canadian Geotechnical Society, Canadian Foundation Engineering
Manual.
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9.3

9.4

9.5

Geotechnical Report

A geotechnical engineer shall provide a geotechnical report that shall include all necessary
information for design and construction of foundations and earth-retaining structures.

The report shall be based on suitable subsurface investigation and laboratory tests, and
shall describe the soils conditions in detail, and provide recommendations for suitable
foundation types with consideration for constructability issues.

The report shall include appropriate design parameters pertaining to permanent conditions
and, where applicable, to temporary conditions.

The report shall identify subsurface conditions and seasonal effects that could have a
significant impact on construction, such as slope stability or the presence of large boulders
or artesian groundwater. Requirements for casing of foundations shall be also identified.

Impact of the proposed structure and its construction on adjacent properties (where
applicable) shall be addressed.

The geotechnical report shall be signed and sealed by two geotechnical engineers, both
registered in the Province of Alberta.

Coordination between the structural engineer and geotechnical engineer shall take place
during planning, design, and construction to provide consistency of structural design with
geotechnical data and with the actual site conditions.

Design

Foundations and retaining walls shall be designed to satisfy ULS and SLS requirements
of the CHBDC.

These elements, including MSE walls, shall be designed for a Service Life of 100 years
consistent with Section 3 of these Guidelines.

Loads

General
Permanent and temporary loads that require evaluation include:
i. Horizontal and vertical forces from soil pressure
i Forces from hydrostatic pressure
iii. Loads from structures adjacent to the designed structure

iv. Loads from surface traffic

V. Loads from surface storage of materials and equipment

Vi. Loads from major underground utility structures

vii. Environmental loads (for example ice, frost)

viii. Loads arising from differential settlement and soil consolidation
iX. Other site- or project-specific loads
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Lateral Earth Pressure and Vertical Earth Pressure

Vertical pressure from superimposed earth load shall be calculated per Clause 6.12 of the
CHDBC, with a mass density as determined by the geotechnical engineer.

For submerged or partially submerged conditions, recommended densities of the earth
shall be obtained from the geotechnical engineer.

Due consideration shall be given to temporary loads arising from construction equipment
or from stockpiling of construction material or excavated materials at the ground surface.

A minimum earth load assuming that 1 m of fill may be removed (for example, for road or
utility construction), shall also be considered.

Retaining structures shall be designed for horizontal earth pressure due to backfill abutting
against the structure and load surcharges resting on the abutting earth. The pressure shall
be determined by considering the relevant parameters, including:

i. Geometric characteristics and material properties of the backfill
. Displacement characteristics of the retaining wall or structure

iii. Interface conditions between the wall and the backfill

iv. Method and degree of compaction of the backfill material
V. Location of groundwater (existing or future)

Vi. Artesian conditions

Vii. Live and dead loads imposed by adjacent foundations
viii. Location of the wall or structure relative to ground surface
iX. Effect of construction methodology and staging

X. Bearing capacity of the base strata

The earth pressure acting on a retaining wall or structure may range from active earth
pressure to passive earth pressure, depending on the displacement characteristics of the
wall and the methods of compaction of the backfill.

Values of loads, earth pressure coefficients, and relevant assumptions shall be shown on
the Drawings.

In case of any deviations of the site conditions or construction methods from the original
assumptions, design adjustments shall be made, and the changes shall be reflected on
Record Drawings.

Water Pressure and Buoyancy

The effects of water pressure and buoyancy shall be considered whenever the presence
of groundwater is indicated.

High and low water tables shall be established for the life of the structure, with due
consideration given to the possibility of future changes in groundwater elevation.

The design shall consider the effect of water pressures pertaining to construction staging.
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9.6

9.7

9.8

Flooding

Local flooding may add load to underground structures or may undermine the stability of
superstructures. Design of structures shall make allowance for flood elevations based on
the 100-year flood. The elevations used for design shall be subject to Review.

Loads from Adjacent Building Foundations or Other Structures

Horizontal and vertical distribution of loads from foundations of existing buildings shall be
determined by the Engineer, in consultation with the geotechnical engineer.

Consideration shall be given to the minimum and maximum loads that can be transferred
to the adjacent structure. Where possible, these loads shall be based on the actual design
loads for the adjacent structure. In the absence of this information, a rational approach
shall be used by the Engineer to evaluate the probable loading from the existing structure.

When performing this analysis, the Engineer shall determine the need for all permanent
underpinning of adjacent buildings or other structures.

Structural Elements

Footings, deep foundation components, ground anchors, MSE walls, and other retaining
structures shall be considered as structural elements and shall be designed in accordance
with the appropriate sections of the CHBDC and these Guidelines by a qualified structural
engineer registered in the Province of Alberta.

Other design responsibilities for MSE walls are outlined in Standard Technical
Specification Section 03483, Mechanically Stabilized Earth Retaining Walls in
Appendix C.

Construction Methods

The methods and sequence of construction influences the behaviour and loading
conditions applied to a structural system. Consequently, if a structural analysis is based
on a particular method or sequence of construction, these conditions shall be defined in
the construction documents.

The design and construction of all underground structures, whether temporary or
permanent, shall prevent movements of adjacent structures and ground from exceeding
acceptable levels. The effects of movement on adjacent structures shall be evaluated by
a structural engineer. Allowable limits on movement or differential settlement shall be
identified, and measures shall be taken to prevent exceedances of these limits. Protective
measures shall be agreed to by The City and the owner of the structure under
consideration.

Groundwater inflow shall be controlled during construction in accordance with the relevant
Technical Specifications.
Proprietary Retaining Walls

The City reserves the right to reject any alternate wall system or details that do not conform
to the Standard Technical Specifications, City of Calgary Design Guidelines, or the
CHDBC.

Investigation shall be conducted to determine whether the location of underground utilities
would interfere with the wall systems, including foundation and anchorage system.
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9.9

10.

10.1

10.2

10.3

10.4

MSE walls or bin-type walls shall not be used in situations where maintenance crews of
the underground utilities will potentially dig into the straps, mesh, or modules.
Conventional retaining walls shall be used in these instances.

Foundations for bridges and overhead sign structures shall not be placed on the reinforced
backfill of MSE walls (that is, a separate rigid foundation shall be provided).
Inspection and Quality Assurance

During construction, installation of foundations, ground anchors, MSE, and other retaining
walls shall be inspected by the geotechnical engineer to confirm that the actual soil
conditions are consistent with the design assumptions and that the geotechnical aspects
of the project are consistent with the design assumptions.

Any impact of actual site conditions or construction methods on the new or existing
structure shall be assessed by both the geotechnical engineer and the structural engineer.

Copies of the inspection reports shall be included in the construction records. Any
Approved variance from the Drawings or Technical Specifications shall be reflected on the
Record Drawings.

Special attention is drawn to inspection and QA of installation of drainage systems. The
process of inspecting and acceptance of drainage shall be addressed in the Engineer’s
QMP.

CABLE-STAYED BRIDGES

General
Cable-stayed bridges shall be designed and constructed according the CHBDC and the
supplementary requirements of this section, unless otherwise Approved.
Reference Publications
Recommended reference publications include:
i. Post-Tensioning Institute (PTI) Recommendations for Stay-Cable Design,
i. Testing and Installation
ii. Fédération Internationale du béton (Fib) CEB — FIP Acceptance of Stay
Cable Systems Using Pre-stressing Steels.
Limitations
Cable-stayed structures shall be chosen where the context is appropriate. These
structures can have very high pylons that may not be suitable in certain urban areas.

Design

General
The Design Life of cable-stayed bridges shall be 100 years.
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System

The City’s preference is to use redundant cable-stay systems with systems consisting of
multiple tensile elements rather than systems relying on a single tensile element.
However, mono-bar stays may be considered upon Approval if the design addresses
redundancy.

Analysis of the structure shall include:
i. Elongations and forces during all stages of construction
i Service
ii. Pylon deformations

iv. Cable replacement

Loads

Guide deviators shall be installed near the anchorage to protect the stay cable anchorages
from the effects of transverse loads caused by:

i Cable vibration
ii. Deformation of the structure

ii. Change of cable sag

iv. Wind

V. Temperature changes

vi. Live load

vii. Construction tolerance

viii. Other transverse loads specific to the conditions

Each component of the cable-stay system, from stressing-end anchorage, through free
length, to saddle (if applicable), to next anchorage, shall have the same safety and
Durability considerations under SLS, FLS, and ULS.

Materials

Choice of structural steel material for cable-stay systems shall be based on chemical and
mechanical characteristics, as well as on performance or fatigue criteria.

High-quality steels shall be specified for stay cable performance.

High-strength prestressing steels shall meet the criteria outlined in Table 10.4 for stay
cable applications:

Table 10.4 — Standard Classification for Prestressing Steels for Stay Cables

Component Measure
Stay cable bar diameter 26-50 mm
Stay cable tensile strength 1,030-1,050 MPa
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10.5

Stay Cables and Anchorages
Cable-stay systems shall be replaceable, either one or several at a time.

Only tested cables and anchorages are acceptable. In the cases where commercially
available systems are not used, testing of cables and anchorage assembly shall be
specified. Testing shall include axial fatigue testing with bending effect and purely axial
fatigue test at 2 million cycles. A minimum factor of safety of 1.5 shall be used for fatigue
strength values obtained from the tests.

Stay cables and anchorages shall be designed for fatigue and strength considering all
applicable loads and deformations.

Minimum length adjustment capacity shall be provided at the anchorages of stay cables
for restressing and detensioning. Instrumentation capable of verifying and controlling
cable stress forces throughout the construction process shall be considered when
selecting cable stay and anchoring systems.

Cable vibrations, including risk of parametric excitation, as well as train traffic (where
applicable) and wind- and rain-induced vibration, shall be evaluated; and appropriate
measures shall be employed to mitigate these effects.

Grounding

Lightning protection through grounding shall be included in the design.

Functional Requirements

The design for the specified service life shall be satisfied for exposure conditions defined
as “high corrosion risk.”

A clearly defined corrosion protection system shall be submitted and verified or tested as
applicable.

Stay cable design shall include protection measures to mitigate against impact, vandalism,
fire, and lightning.

Stay cables shall be located to prevent climbing hazards.

Design shall consider birds and wildlife that may come in conflict with the stay cables. If
necessary, bird deterrent shall be provided.

Connections and clamps shall be designed to avoid transverse forces or effects that would
be harmful to the fatigue resistance and tensile strength of the stay cable.

Corrosion Protection

Corrosion protection adequate for the entire Service Life of the stay cables shall be
specified in the Agreement.

Materials in cable-stay systems shall be designed for the Service Life of the entire system.
This includes any planned replacement at predictable intervals. The cost of such
replacements shall be included in the life-cycle cost analysis.

Materials and corrosion protection for stay cables on pedestrian bridges shall consider
Galfan, stainless steel, or galvanized cables with sleeves. The materials and method of
corrosion protection shall be submitted for Approval. Fully locked strands may also be
considered, upon Approval.
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10.6

10.7

10.8

11.

11.1

Recommended soft filling materials include wax with low oil content. Stay pipe material
shall be submitted for Approval.

Any exposed metallic surface of anchorage components shall be protected against
corrosion. Generally, anchorage components are factory-provided with corrosion
protection.

Construction Considerations
Construction tolerances should be clearly marked on the Plans.

Construction tolerances shall include directional installation tolerance of the bearing plates
and guide pipes at £5 milliradians (mrad) (0.3 degree [°]) around the theoretical axis of
the stay cable and £10 mm in positioning of the anchorage.

The specialist Contractor or Subcontractor responsible for the bridge erection shall
prepare a detailed erection plan and procedure. Limitations of bridge erection over water
bodies, CPKC, CN and LRT lines, shall be discussed with the respective right-of-way
(ROW) owners or regulatory agencies, as applicable.

Transverse loads on the anchorages shall be kept low by appropriate use of guide
deviators. Transverse forces in the transition zone shall be absorbed to avoid fretting
corrosion. Any possible effects of angular deviations or fatigue shall be verified by full-
scale testing.

Quality Assurance

The fatigue and ultimate capacity of the cable-stay system shall be verified by testing.

Maintenance

A maintenance program for the cable-stay system from the system supplier shall be
evaluated during design. Allowance for maintenance and inspection of cable-stay systems
shall be included in the bridge design.

The warranty period for the performance of the cable-stay systems shall be minimum
10 years.

Project closure documents shall include a maintenance manual for all bridge elements,
including cable-stay system.

INTEGRAL ABUTMENT BRIDGES

Use of integral abutment bridges shall be limited to those specifically Approved at the
planning and early design stages.

Characteristics of Integral Abutment Bridges

Integral abutment bridges accommodate superstructure movements without expansion
joints or bearings. The superstructure is rigidly connected to the substructure, and any
movement caused by volumetric changes is facilitated through flexible piling of bridge
abutments.

Approach slabs, connected to the abutment and deck slab with reinforcement, move with
the superstructure. At its junction to the approach pavement superstructure movement
shall be accommodated using flexible pavement joints.
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11.2

11.3

Refer to standard details in Appendix E.
Stability of single span bridges shall be provided by passive pressure behind the back
wall. In multi-span bridges, piers shall contribute to the bridge’s stability.

Limitations

Length of Structure
The maximum length for integral abutment bridges shall be as follows:
i. Steel girder bridges: 80 m total bridge length
i Prestressed concrete girder bridges: 100 m total bridge length
Span length and configuration shall be considered when selecting an integral type for the
bridge.
Geometry
Integral abutment design shall not be used for bridges with curved or flared alignments.

Skew

The maximum skew angle for integral abutment bridge designs shall be 20°. Skew angles
greater than 20° shall preclude the use of integral abutment bridge construction.

Grades

The maximum grade between integral abutments shall be 5%.

Piles

Integral bridges require that abutment piles be flexible. Sufficient pile penetration into
acceptable soil is required to provide adequate flexibility and sufficient lateral support for
piles.

An integral abutment system shall not be considered where the lengths of the piles are
less than 5 m or if rigid foundations are required.

The abutment shall be supported on a single row of vertical H-piles. The top of piles shall
be embedded a minimum of 600 mm into the abutment and shall be adequately reinforced
to transfer the bending forces.

Material properties and splice welding acceptability shall be verified by detailed QA
procedures.

Geotechnical Conditions

Integral abutments shall be avoided where excessive settlement of approach fill is
expected.

Design

Loads

Integral abutment bridges shall be designed to resist all vertical and horizontal forces
acting on them in all applicable load combinations and stages of construction and service.
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Dynamic load allowance shall be included in the design of integral abutments and piles.

Pile

Primary structure movement would typically produce bending about the weak axis of a
single row of H-piles. The weak axis of piles shall be perpendicular to the thermal centre
of the bridge.

Piles shall be cased with corrugated steel pipes and filled with loose granular material to
allow required pile flexibility.

Design Life of corrugated steel pipe casing for integral abutment bridge piles shall be 75
years, with a Service Life of 100-years.

Structural Analysis

A 3D analytical model of the entire bridge shall be created and include soil-pile interaction
modelled as a series of springs along the length of the piles. 3 magnitudes of spring
stiffnesses, provided by a Geotechnical Engineer registered in the Province of Alberta with
APEGA (weak, probably, and strong), shall be used under all applicable load combinations
and stages of construction and service to check the design of the bridge structure.

Girder Design

Girders shall be designed assuming no fixity at abutments; however, the superstructure
design shall include a check for the effects of fixity.

The beneficial effect of axial compression induced in girders due to earth pressure shall
not be included in the design of the girders.
Abutment Design

The maximum bending moment obtained from frame analysis shall be assumed to act at
the corners of the idealized frame.

The distribution of moments from wing walls to the abutments shall be considered in the
design of horizontal reinforcement of the abutments.

Approach Slabs

Approach slab lengths typically vary from a minimum of 3.0 m to a maximum of 6.0 m,
unless otherwise Approved.

Special provisions shall be made to allow free movement of the approach slabs if curbs
or barriers are present. Approach slabs shall be installed in a separate concrete pour from
the superstructure slab but shall have a positive connection between the approach slab
and the abutment.

The approach slab shall be specified to be cast on two layers of 6-mm-thick polyethylene
sheets or other Approved, durable, friction-reducing materials. It shall be designed as a
structural slab that is supported at each end.

Provisions shall be made for expansion at the end of each approach slab. Refer to
standard details in Appendix E for expansion joints at the ends of the approach slab.

A lateral drainage system shall be provided at the end of the approach slab adjacent to
the sleeper slab.
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12.

12.1

12.2

12.3

SEMI-INTEGRAL ABUTMENT BRIDGES

Semi-integral abutment bridges shall be considered where feasible.

Characteristics of Semi-Integral Bridges

Semi-integral abutment bridges are single- or multiple-span bridge structures with rigid
foundations and a continuous superstructure with a jointless deck, integral
end-diaphragms, compressible backfill, and movable bearings that can fully accommodate
the superstructure articulation.

In semi-integral bridges, the transfer of displacement to the superstructure due to the
structural action of piles is minimized. The rotation is generally accomplished by use of a
flexible bearing at a horizontal interface with the abutment.

Horizontal displacements not eliminated in a semi-integral bridge system shall be
considered in the design. Skewed bridge transverse movements typically can be resisted
by the use of abutment shear keys.

A joint capable of accommodating design movement shall be provided at the end of the
approach slab. Refer to standard details in Appendix E.
Limitations

Length of Structure

The overall length of semi-integral abutment bridges shall not exceed 130 m.

Geometry

This type of design shall be used primarily for symmetric, straight girder structures. If
Approved, the effects of other geometric constrains, such as curved, flared alignments,
shall be thoroughly investigated.

Skew

The effect of skew angle on bridge performance for semi-integral abutment bridges shall
be carefully analyzed.

Piles

A single row of piles shall not be used.

The foundation piles shall be stiffened by inclusion of battered piles, or rigid caissons
anchored to bedrock may be considered.

Design

The geometry of the approach slab, and design of the wingwalls and transition parapet, if
any, shall be compatible with the freedom required for the integral configuration (girders,
deck, backwall, and approach slab) to move freely.

Lateral restraint shall be provided to prevent rotation of the superstructure caused by an
eccentric lateral force in the horizontal plane. This force is usually the result of lateral earth
pressure acting on both ends of the superstructure.
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Use of Retained Soil System

A retained soil system may be used to resist lateral earth pressure; however, the vertical
loads from the bridge structure shall be transferred to the rigid foundations (spread footing
or group of piles) through the use of columns placed behind the fascia of the retained soil
system.

Consideration shall be given to the location of columns so that any conflict with the earth-
reinforcing system is avoided.
Articulation of Superstructure

The articulation of the superstructure at the supports of multispan structures shall be
designed such that similar movements would occur at each end of the structure.

Positive movement restraint(s) shall be provided in the direction perpendicular to the
thermal centre of the bridge.

12.4 Details
Consideration shall be given to thorough detailing of joints, use of appropriate bearings,
arrangement of diaphragms, and details of wingwalls and approach slabs.
Approach Slabs

Separation joints shall be detailed to accommodate movement without breaking continuity
or restricting movement of the superstructure with respect to the substructure.

The length of wingwalls and approach slabs shall be minimized.

The movement system at the ends of the approach slabs shall be able to accommodate
the superstructure deformation.

Drainage

Drainage design and detailing shall prevent surface water from accessing subsurface
space under the approach slabs and abutments.

Weeping drains located under the approach slab-to-grade joints shall be connected to a
collector and discharge facility.

The joints between the approach slab and the wingwalls shall be sealed to prevent water
infiltration.

Surface drainage at the ends of wingwalls shall consider bridge system articulation, and
the longevity of the applied materials and joint sealants.

Design details shall include drainage control systems, such as use of impervious swales.

13. BRIDGE DECK JOINTS AND BEARINGS

13.1 General

Deck joints and bearings shall be designed to effectively resist loads and accommodate
movements at the ULS, SLS, and FLS.

All exposed surfaces of joints and bearings shall be protected against corrosion.
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13.2

13.3

13.4

13.5

The method and details of corrosion protection shall be Approved.

Design Requirements

The selection and location of bearings and joints shall be consistent with the designed
articulation of the structure.

The moving components of the joints shall be designed to function in concert with the
bearings to avoid binding the joints and adversely affecting force effects imposed on
bearings. Thus, whether in an expansion or a contraction mode, the movement range of
the joint shall be compatible with that of the bearings supporting that joint.

Besides movement due to temperature variation, the design of expansion joints and
bearings shall consider the effects of:

i. Creep

i Shrinkage

ii. Skew

iv. Rotation

V. Lateral shear

vi. Vertical shear

Vii. Elastic shortening due to prestressing

viii. Traffic loading

iX. Construction tolerances

X. Other effects specific to the designed structure

The restraint of movement may result in significant internal forces. These forces shall be
carefully assessed in the design of appropriate elements of the structure.
Temperature Variation Effects on Deck Joints and Bearings

Bridge movement due to temperature variation (range) shall be calculated from the
extreme temperatures (maximum daily mean temperature and minimum daily mean
temperature), as specified in the CHDBC.

For the Calgary area, the extreme daily mean temperatures are:
—38 degrees Celsius (°C) and + 28°C
An extra + 5°C to the above shall be applied to account for projected climate change.

General Policy for Deck Joints

Bridge deck joints are a maintenance problem, and in many instances, induce a source of
structural deterioration, thereby affecting the structure life-cycle costs. Minimizing the
number of joints on bridge structures shall be considered. Refer to Section 6.6, Durability,
Structural Details of these Guidelines.

Deck Joints - Functional Requirements

Deck joints shall be designed to provide unimpeded passage of traffic across them.
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The type of joint and size of joint gap shall facilitate safe passage of pedestrians (high-
heel shoes), cyclists, in-line skaters, wheelchair users, and motorists. Maximum openings
at joints in pedestrian and bicycle paths shall not exceed 50 mm.

The joint shall provide a good riding surface, relatively free from vibration and noise.

Galvanized steel plates with skid-resistant coating shall be provided over expansion joint
gaps at pedestrian bridges and pathways (sidewalks) integral with vehicular bridges.

Galvanized steel cover plates shall be used over the expansion joints at traffic barriers,
medians, and curbs.

13.6 Deck Joints - Design and Detailing

Deck joints shall be designed to resist wheel loads, including dynamic load allowance, and
shall accommodate movements at the SLS, FLS, and ULS, in accordance with the
CHBDC.

Steel extrusions and their anchorage and support systems shall be designed as necessary
to resist all anticipated loads, including dynamic load allowance.

Deck joints shall be designed to accommodate movement and rotation of the structure
caused by articulation of the structural system.

Special consideration shall be given when the length contributing to expansion is greater
than 75 m or the bridge skew angle is more than 25°.

Modular type deck joints are recommended for joint movements in excess of 100 mm.

The minimum joint opening shall be specified in accordance with the manufacturer’s
recommendations. When setting the joint, either the design width shall be adjusted by the
amount of anticipated movement due to creep and shrinkage, or the joint shall be set to
the minimum width for installing the seal, whichever results in the wider opening.

Strip seal deck joints shall be used unless otherwise Approved. Compression seals shall
not be used unless otherwise Approved. Sealed joints shall remain watertight at the SLS.

Elastomeric strip seal joints with continuous watertight seal shall be placed so that, at the
minimum gap opening, the entire seal remains below the roadway surface.

The joint gland shall be continuous for the full roadway and walkway and turned-up at
ends. Expansion joint glands may be discontinued at bridge barriers that run between a
roadway and a sidewalk. However, reliable drainage provisions shall be made to prevent
stormwater from damaging the structure.

Generally, armour plates are not required over the roadway strip seal joints, unless
otherwise Approved. A full steel armour plate is required over the barrier’s joint. The joint
materials shall be resistant to both corrosion and ultraviolet rays and shall not be
conducive to electrolytic action.

Armour plates shall be galvanized steel, resistant to abrasion and damage by snow plows.
The armour plates shall be detailed to eliminate formation of air voids during placing
concrete. Armour plates shall be anchored to concrete by anchor studs spaced at 200 mm
maximum.

The joint shall be designed for minimum maintenance and ease of access for parts
replacement.
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13.7

13.8

13.9

Deck joints shall provide a Service Life warranty for a minimum of 5 years. The City
warranty forms in Appendix D shall be used.
General Design Policy for Bridge Bearings

Bridge bearings shall accommodate the movements of the superstructure and transmit
loads to the substructure supports.

The type of bearings to be used depends on the amount of translation and rotation, as
well as the magnitude of the loads.

Bearing Types and Specifications

The choice of a type of bearing shall be determined by suitable analysis.

In general, simple span prestressed concrete girders, simple span steel girders, and some
continuous spans may be supported on composite neoprene bearing pads (elastomeric
bearings). Large movements may be accommodated by using Polytetrafluoroethylene
(PTFE) or Teflon bearing surfaces complying with ASTM D4894, Standard Specification
for Polytetrafluoroethylene (PTFE) Granular Molding and Ram Extrusion Materials.

Some structures with large bearing loads or multidirectional movement may require other
bearing devices, such as pot, spherical, or disc bearings.

The proposed bearing type and make shall be Approved.

Movement stop devices shall be included with bearing design and shall be an integral part
of the bearing system.

Bearing Design

Bearings shall be designed to support and transfer loads and to accommodate translations
and rotations in the structure. The design shall be based on the CHBDC.

If the bearing is proprietary, it shall be designed to satisfy the critical load combinations at
the ULS and SLS. The following load information shall be included on Drawings:

i. Dead Load: at ULS and SLS
ii. Total Load: at ULS and SLS
iii. Lateral Loads: at ULS and SLS

iv. Rotations
V. Translations
vi. Other information affecting design of bearings

Bearing design and shop drawings shall be stamped and signed by a Professional
Engineer registered in the Province of Alberta. The design shall be submitted for review
by the EOR.

The EOR shall be responsible for integration of bearings with other elements of the
structure.

The bearings shall be installed in strict accordance with the manufacturer’s
recommendations, unless directed otherwise in writing by the Engineer.
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13.10

14.

14.1

Bearing Detailing
The bearing shall provide shock-absorbing qualities relatively free from rocking and noise.

Bearings shall be designed as necessary to resist all anticipated loads, including dynamic
load allowance.

The bearing shall absorb and dissipate the stresses and transfer a portion thereof without
causing overstress to the substructure.

Elastomers used in bearings, such as pots and discs, shall provide a Service Life equal to
or greater than that of the bearing.

The bearing shall be designed for minimum maintenance and for ease of access to avoid
excessive jacking of the superstructure during parts replacement. Bearings shall be
replaceable without removing permanent anchorages. Maximum jacking shall not exceed
the amount of vertical relaxation recovery of the elastomeric material plus 5 mm.

Location of areas designated for superstructure jacking shall be clearly marked on the
Drawings.

The bearing assembly shall be capable of sealing off moisture from the inner components
of the bearing assembly.

The bearing materials shall be resistant to both corrosion and ultraviolet rays and shall not
be a catalyst or vehicle for electrolytic action. Steel elements of bearing assemblies shall
be galvanized, unless otherwise Approved.

Bearings shall be designed so that bearing installation does not require field welding to
masonry plates, girder sole plates, or directly to girders.

Bearings shall be detailed perpendicular to ground regardless of girder or abutment seat
slopes.

TRAFFIC BARRIERS

Structural design of bridge barriers and railings shall be in accordance with the CHBDC.
Designers are encouraged to use the TAC Guide to Bridge Traffic Combination Barriers
as an additional reference.

Barrier Selection and Detailing Criteria

The following factors shall be included in selection, design, and detailing of traffic,
pedestrian, bicycle, and combination bridge barriers.

Durability in a Highly Corrosive Environment

Design and detailing shall conform to relevant requirements of Section 6.0, Durability of
these Guidelines.

Ease of Repair

Modular construction and removable connections to anchorage systems shall be
considered.
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14.2

Visibility

Visibility through and over the barrier shall be confirmed to maintain adequate sight
distances.

Snow Accumulation on Bridge Decks

Snow drifts will accumulate on bridge decks, especially where solid barriers are used.
Accommodation of snow removal operation shall be assured by proper geometric and
structural design.

Where the barrier is located between the vehicular and pedestrian traffic, it shall include
a solid protection against splash.
Drainage and Joint Details

Drainage and joint detailing shall include drain paths and their interruptions or changes at
the barrier interfaces with other elements of the bridge, such as sidewalks, abutments,
and approach slabs.

Construction joints in barriers shall be positioned over the drains from sidewalk to
roadway.

Bicyclist

Consideration shall be made for bicycle rails where bicyclists are allowed to travel on
roadway shoulders.

Traffic Barrier Joints

Traffic barrier joints shall be designed to perform adequately during vehicle impacts, as
well as to accommodate bridge movements and barrier deformations.

The following aspects shall be assured in the design and detailing of the joints:

i. For rigid barriers (that is, concrete traffic barriers), adequate barrier stiffness
shall be provided on each side of the joint.

. For semi-rigid barriers (that is, post and railing barriers), moment and shear
continuity across the joint shall be provided.

Detailing of joints shall include ease of installation and maintenance of strip seals.

Spacing of control joints in concrete barriers shall be assessed based on overall bridge
design parameters, including:

i. Geometry

. Bridge deck design

iii. Articulation system

iv. Amount of predicted volume changes
V. Temperature gradient

In general, concrete traffic barriers shall have full contraction joints with discontinued
longitudinal reinforcing at 3 m (maximum) and increased amount of vertical reinforcing
near the joints, as specified in the CHDBC. Contraction joints shall be groove-formed and
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15.

15.1

15.2

16.

16.1

sealed. Refer to Appendix E of these Guidelines for a standard drawing of a bridge barrier
section.

HIGHWAY ACCESSORY SUPPORTS

General Considerations

The visual impact of signing and lighting installations shall be considered with regard to
context-sensitive fit.

Supports shall be designed to minimize hazards.

Overhead and cantilever highway accessory support structures located on bridge
superstructures shall not be located in areas where they will be subject to the vibrations
caused by live load deflections of the superstructure. Location of accessory supports
directly on the substructure is preferred.

Number of accessory supports within the bridge area shall be minimized. Multiple purpose
poles and structures shall be considered.
Design and Construction

Refer to Appendix A for the Highway Accessory Supports Guidelines for Structural Design
and Construction.

NOISE BARRIERS
Design

Loads and Load Combinations

Noise barrier support components shall be proportioned to satisfy ULS, SLS, and FLS in
accordance with the CHBDC.

Noise barriers shall be designed to load combinations and load factors included in Table
3.1 of the CHBDC. When applicable, traffic collision loads and bridge deformation loads
shall be included in the design.

The design wind load shall be based on a 1 in 25-year return period. A gust factor of 2.5
and applicable horizontal drag coefficient shall be used.

Foundations

Foundations shall be designed according to Section 9.4 of these Guidelines.

Foundation design shall be based on site-specific geotechnical information.

Where a limited number of boreholes is available, the design shall be based on the worst
soils conditions likely to be encountered in the vicinity of the designed barrier.

Alternatively, the Canadian Foundation Engineering Manual may be used as reference to
the design of smaller noise barrier foundations in the areas of previously identified soil
types.
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16.2

16.3

In most cases, foundations for noise barriers shall be drilled shafts; however, in cases
where shallow rock formations exist, spread footings may be used.

Provisions for controlling the effects of frost heaving shall be included in the foundation
design.

Standard Details and Site-Specific Design

Several proprietary noise barrier systems are available. The materials, load carrying
mechanisms, and capabilities vary with each system; however, these systems shall
conform to the criteria outlined in these Guidelines and the CHBDC.

Noise Barriers on Bridges
Location of noise barriers on bridge structures requires Approval.

For noise barrier retrofit onto existing bridges, the design shall include verification that the
dead load and live loads from the wall do not overstress any component of the bridge,
including the existing parapets, slab overhang, girders, and superstructure members.

The dead load of noise barriers can affect the overload capacity and deflection of some
bridges. Consideration of impact of barrier to access for bridge inspections shall also be
made.

Durability and Maintenance Requirements

All exposed steel components shall be hot-dip galvanized. Alternate protection systems
for steel or aluminum elements shall be subject to Approval.

The surface texture selected for noise barriers shall prevent graffiti or enable graffiti to be
easily removed.

Corrosion protection systems shall be employed as required by specific exposure
conditions. Suitability of a proposed corrosion protection system shall be submitted for
Review.

The provision of corrosion-protected reinforcement shall be as determined on a project to
project basis. The location of the noise barrier panels, in relationship to the offset distance
from the roadway, shall be evaluated to determine whether provision of corrosion-
protected reinforcement is warranted.

If the location of noise barrier panels may subject the panels to splashing from the roadway
surface, provision of corrosion-protected reinforcement shall be specified.
Functional Requirements

Barriers shall generally be used when the noise barrier is located within the clear zone.
Location of the noise barrier is subject to Approval.

Barriers can obstruct sunlight, as well as noise. Special consideration shall be given to
possible roadway icing and other induced environmental conditions caused by the
placement of the wall.

Surface runoffs shall be directed away from the noise barrier.

Provisions shall be made to allow access to the back-side of the wall for maintenance or
emergency access. The designer shall consult with The City regarding the specific access
needs.
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For noise barriers that must bridge over utility conduits, provisions shall be made to
accommodate differential settlement in the noise wall substructures.

The posts for noise barriers shall be detailed as plumb vertical elements, regardless of the
ground slope.

For noise barriers located on bridges, provisions shall be made for flexibility of the walls
to accommodate deflections and horizontal movement of the bridge.

16.4 Construction

Contractors for construction of noise barrier walls shall be prequalified with the City of
Calgary under category Noise Barriers. Standard Technical Specification for construction
of Noise Barriers, included in the Appendix C shall be used.

Site-specific design, complete with calculations, detailed drawings and material
specifications shall be submitted for Review and Approval. Such submission shall be
authenticated by an Engineer registered in the Province of Alberta. Engineering
Consultants for design of noise barrier wall projects shall be prequalified with the City of
Calgary under category Other New Transportation Structures.

A Letter of Assurance of Engineering Field Review and Compliance (as stipulated in
Section 17 of these Guidelines and included in Appendix B) shall accompany each site-
specific construction project submission.

17. CONTRACT DOCUMENTS

171 Drawings

The Drawings shall specify all necessary details of a bridge or structure, geometry,
specified materials, the design loads, and proprietary product names.

The articulation system shall be indicated on the Drawings, which shall include location
and type of bearings, deck joints and prestressing, and other information, including the list
provided in Table 17.1.

Refer to attached Appendix B for a standard drawing title block.

The City of Calgary | P.O.Box 2100 Stn. M ‘ Calgary, AB, Canada T2P 2M5 ‘ calgary.ca



THE CITY OF CALGARY
DESIGN GUIDELINES FOR BRIDGES AND TRANSPORTATION STRUCTURES

Page |52
2024

Table 17.1 — Typical List of Drawings

Drawing Title

Description

Cover Sheet

City of Calgary logo, project title, and consultant logo.

Index

List of drawings.

Site Plan

Name of contract, procurement number, date, and project location;
include north arrow. May be combined with Index.

General Arrangement

Overall structure geometry, including layout, elevations, and typical
cross-section(s). Calculated critical clearances and nominal
clearance box. Include work points, ROWSs, and extent of contract.
Drainage path shall also be identified.

Information Drawings

Utilities, detours, and removals.

Data Sheet

All design loads, design standards, and general construction
staging. Values of lateral distribution factors. Bending moment and
shear force live load capacity diagrams with numerical values at
critical points.

Hydrotechnical Information

If applicable, include high water level, 100-year flood, flow rates,
and clearances required to structure elements, soffit, piers and
abutments

Geotechnical Information

Borehole locations and profiles, including underground utilities.

Foundation Layout

Piling layout and details, including anticipated pile tip elevations
and pile capacities. Geometry of pile layout referenced to a control
line.

Foundation Details

Applied factored and unfactored loads for the critical load
combination at ULS and SLS.

Abutments Layout

Abutment geometry: plan and elevation, including concrete finish.

Abutment Details

Details and reinforcement.

Piers and Substructure Layout

Pier geometry: plan and elevation, including concrete finish.

Piers Details

Details and reinforcement.

Girder and Superstructure Layout

Overall layout of girders for complete structure. Construction and
post-tensioning sequence, and location of bearings and
diaphragms, expansion joints, handrails, and drains.

Girder Details and Reinforcement

Girder geometry, including prestressing, post- tensioning, and
reinforcing details, including duct grouting details. Post —tensioning
profiles, and camber and haunch diagrams. Locations of post-
tensioning anchorage clearly marked at the exterior face of
concrete components. Structural steel design camber diagrams for
staging and final.

Diaphragms

Diaphragm geometry, including reinforcing and associated details.

Bearings Layout

Overall layout of bearings for complete structure.

Bearing Details

Bearing details, type of finish, and required design loads and
movements, including a bearing setting table. Location of lifting
jacks and required lifting capacity.

Deck Layout

Deck geometry, elevations, and survey control points.
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Table 17.1 — Typical List of Drawings

Drawing Title Description

Deck Details and Reinforcement Reinforcing and associated details, including construction
sequence, location of construction joints, location of deck drains,
and concrete finishes.

Expansion Joints Overall layout and sections of expansion joints for the complete
structure, as well as a details and joint setting table with amount of
total movement anticipated.

Approach Slabs Approach slab geometry and reinforcing and associated details.

Bridge Barrier Layout Overall layout of barriers and barrier geometry.

Barrier Details and Reinforcement Reinforcing and details, including joint details and concrete

finishes.
Handrail Layout Overall layout of handrails, including panel lengths.
Guardrail and Handrail Details Splice and expansion details, and anchorage and type of finishes.
MSE Walls and Retaining Walls Layout details and design assumptions for internal and global

stability design.

Slope Protection Slope protection geometry, and reinforcing and associated details,
including connection to the abutments and concrete finishes. .

Miscellaneous Details Project-specific details, including deck drains, waterproofing, and
lighting and highway accessory support structures.

Landscape Details Information on finished grading, drainage, and landscaping within
the project scope and contract area.

Electrical Details As applicable to the project, information on electrical requirements
to facilitate lighting, grounding, signage, or signals.

Notes:
Applicable notes shall be included on the pertinent Drawings

17.2 Specifications

Project specifications, other than, or supplementing, The City’s Standard Technical
Specifications included in Appendix C of this document shall be consistent with the design
guidelines included in this document.

Project Specifications shall adhere to the City’s Section numbering format. The Consultant
shall be consistent in developing additional Section numbers, if a standard number is not
provided for that Section.
17.3 Preliminary Design Report
Items in the Preliminary Design Report shall include:
i. General layout
i. Geometry (including clearances, lengths, widths)
ii. ROWs

iv. Drainage concept
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Vi.
Vii.

viii.

Xi.
Xii.
Xiii.
Xiv.
XV.
XVi.
XVii.

XViii.

XiX.

Location of substructure and foundation elements
Utilities

Anticipated retaining structures

Railings

Articulation of structure

Railings

Fencing

Life-cycle cost analysis

Constructability

Major risks

Aesthetics

Comparison of options (minimum three options, unless otherwise Approved)
Surface protection and finishes

Permanent vertical loads, including bearing pressure at SLS and
deformations at construction and at SLS

Service Life prediction and maintenance projection for major replaceable
components

17.4 Quality Control and Quality Assurance

A QMP outlining methodology and measures of QA/QC throughout all stages of design
and construction shall be submitted for Review.

Construction methods, reference to applicable standards and specifications, requirements
for QC, and measures of QA shall be included in the Drawings and Technical
specifications.

Drawings and Technical Specifications shall be submitted for Review at the following

stages:

Concept and Planning - Based on concept design. Information on bridge
geometry, clearances, alignment, and hydraulic information, if applicable.

Preliminary Design Report — A short form report considering bridge
geometry, loads, and clearances required, a preliminary analysis and cost
estimates (Class 3), including life-cycle costs. Other elements of the
report shall include:

i. Constructability
ii. Construction schedule

iii. Durability
iv. Aesthetics
V. Environmental issues, such as drainage, minimizing

construction footprint, and erosion control
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iii. Design Brief — Information summarizing the accepted design approach and
features of the structure. Brief shall be submitted using the standard design
brief format included in Appendix B.

iv. Detailed Design Drawings at 60% Progress — Drawings including all
structural element sizes and geometry.

V. Detailed Design Drawings at 80-90% Progress — Drawings including most
details, reinforcing, and general notes.

Vi. Specifications and Special Conditions at 95% Progress

Vii. 100% Complete Drawings, Specifications, and Special Conditions —

Issued for Procurement

viii. Class 1 Complete Design Engineer’s Cost Estimate — In itemized Price
Schedules (as part of procurement front-end documents) — Pay items
shall be consistent with Measurement and Payment Clauses of the
Technical Specifications.

iX. Issued for Construction (IFC) Drawings and Specifications - Including
the content of the procurement addenda.

X. Record Drawings

Xi. Revisions - To the Drawings and Technical Specifications shall be clearly

marked on the documents and recorded in a revisions log.

For both new bridge and transportation structure designs and also for rehabilitation
designs for existing bridge and transportation structures:

Drawings and Technical Specifications shall be authenticated by a Professional
Engineer registered in the Province of Alberta as the Engineer of Record for the
project and by an Association of Professional Engineers and Geoscientists of Alberta
(APEGA) registered permit holder.

As part of the QMP, an independent review of both the preliminary design and detailed
design drawings are required. This review shall be carried out by a Professional
Engineer other than the Professional Engineer (Engineer of Record) responsible for
the design. Note this requirement should not be confused with required quality control
(QC) checking of the Engineer of Record’s work throughout design by another or other
qualified Professional Engineers. A quality audit report of the findings of the
independent review shall be submitted for Review. A certification letter bearing the
signature and seal of the independent design reviewer or, alternatively, the signature
and seal of the independent design reviewer on the IFC Drawings shall be submitted
to The City. The certification letter shall be submitted to the City within 2 weeks of the
100% Drawing, Specification, and Special Conditions submission. This independent
review shall be carried out by another Consultant when the design Consultant does
not have adequate in-house capabilities to provide this check or if so directed by The
City. Typically, an independent design review involves a complete re-analysis of all
aspects of the original structural design, preferably by a methodology other than that
used in the original design.
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17.5 Project Closure Documentation

The following documentation shall be submitted to The City within 4 weeks of CCC, unless
noted otherwise below:

i. Design notes: One set of design calculations, accompanied by an updated
version of the project design brief, in both hard copy and electronic formats.
Where possible, hard copy shall be submitted on double-sided paper.
Electronic copy shall be submitted in Adobe Portable Document Format
(PDF). The Design notes package shall be submitted to the City within 2
weeks of 100% Drawing, Specification, and Special Conditions submission.

i IFC drawings: One PDF electronic copy.

iii. Quality summary report: One copy in both hard copy and electronic PDF
formats. The report shall include:

i. QMPs
ii. All review and inspection reports

iii. All QA test results, QC test results, and any non-conforming
material test results

iv. All non-conformance reports with follow-up inspections,
corrective measures, and penalties

iv. Project summary report: One copy n both hard copy and electronic PDF
formats. The report shall include a summary of construction, including
changes and reports documenting authorized deviation from the IFC

documents.
V. Shop drawings: One set in both hard copy and electronic PDF formats.
Vi. Record Drawings:in accordance with APEGA requirements for

authentication and guidelines for producing record drawings.
i. One set of Autodesk AutoCAD format electronic drawings
ii. One full size set of mylar (original)
iii. One copy in PDF
vii. Updated Block Profile Drawings, if applicable:
i. One full size set of mylar for Review
ii. One set of Autodesk AutoCAD format electronic drawings

viii. Product information in both hard copy and electronic PDF formats: A
list of products and their product technical data sheets, maintenance
requirements, and application and installation record.

iX. Maintenance manual: One copy in both hard copy and in electronic PDF
formats. Maintenance manual shall be for elements, such as lighting,
electrical, or other special applications to the project, such as MSE walls.
Maintenance manual shall address any regular maintenance requirements,
as well as instructions for repair or replacement of elements.

X. Contract documentation: One set in both in both hard copy and electronic
PDF format. Include all contract documentation, such as:
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Xi.

Xii.

Xiii.

Xiv.

XV.

i. Submittals
ii. Requests for information with responses

iii. Site instructions

iv. Field orders
V. Change orders
Vi. Contemplated change notices

Reports (as applicable) in both hard copy and electronic PDF formats:
i. Geotechnical Investigation
ii. Environmental Assessments
iii. Hydrological Assessments

Signed and sealed Contractor’s warranty forms (Appendix D).

Construction progress photos in .jpg format capturing main construction
activities.

For all proprietary engineered products, a Letter of Assurance of
Engineering Field Review and Compliance is required (Appendix B).

Calculations for all bridge element quantities and dimensions, in accordance
with the Ontario Structure Inspection Manual (OSIM).

Copies of all electronic file submissions shall be provided on a Universal Serial Bus (USB)

flash drive.

END OF THE DOCUMENT
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2.2

GUIDELINES FOR HIGHWAY ACCESSORY STRUCTURES

DESIGN STANDARDS

The design shall be in accordance with CAN/CSA-S6, latest edition and the latest edition
of the Canadian Electrical Code. The fatigue design shall be carried out in accordance
with Section 11 of AASHTO “Standard Specifications for Structural Supports for Highway
Signs, Luminaires and Traffic Signals”, latest edition and Interims, AWS Standard D1.5,
latest edition and with modifications contained in this document. Design for fatigue shall
be required for all sign structures, cantilevered or overhead bridge type, traffic signals, and
high-mast (over 30 m high) luminary structures.

The design shall be carried out by a Professional Engineer registered to practice in the
Province of Alberta under the Engineering and Geosciences Professions Act (formerly
known as the APEGGA Act).

FUNCTIONAL AND PERFORMANCE CRITERIA
General

1. Highway accessory structures and their components shall be designed to
provide safe, durable and functional life of the structure. The design shall result
in structures that do not experience excessive deflections, permanent
deformations, or failure due to fatigue loads.

2. Overall attention to roadway user safety shall be a major consideration for the
design and details of highway accessory structures and their components
regarding aspects such as, but not limited to, positioning and where necessary,
placement in clear zones.

3. The appearance of highway accessory supports should consider function and
aesthetics. Structural supports should be designed and located so as not to
distract the motorist’s attention or obstruct view of the highway or other signs.
The aesthetic effect of signing or lighting installations have on the environment
should be evaluated.

Sign Support Structures

1. Minimum vertical clearance below the sign panels for overhead and cantilever
sign support structures shall be 5.8 metres, unless noted otherwise in the
Contract Documents.

2. The deflection for cantilevered sign structures shall not exceed 200 mm
vertically. The 200 mm range is defined as the sum of the potential upward and
downward displacement of the cantilever structure.

3. This criterion is included to minimize potential vibration damage to the
structure, and ensure visibility of the information to motorists.

4. For the overhead bridge type support structures, the maximum deflection shall
be limited to 1/480 of the span length.

5. The arms of signs and signals shall be tapered or built as truss members.

6. The preliminary design information shall be submitted to the City for review
prior to proceeding to the final design.
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2.3

3.2

3.3

GUIDELINES FOR HIGHWAY ACCESSORY STRUCTURES

Luminaires

1. Forluminaires less than 10 metres in height, the pole shall be designed to have
a maximum deflection in any direction at the pole top, under maximum loading,
of 150 mm.

2. For luminaires greater than 10 metres in height, the pole shall be designed to
have a maximum deflection in any direction at the pole top, under maximum
loading, of 200 mm.

STRUCTURAL DESIGN
Sign Support Structures — Sign Panel Size
The design sign panel area shall be taken as the largest of:

1. Actual area of sign panels as increased by an additional 15% to compensate
for future sign loading.

2. Actual area of sign panels plus an additional area of 0.915m x sign width to
compensate for future addition of three extra panels.

The proposed sign mounting locations shall be configured so as to produce the maximum
loading effects on the support structure and foundation.

Luminaires — Sign Panel Size

1. Unless otherwise specified, the design sign panel area shall be 1.44 m?, with
the centre of the sign panel located at 2.5 m height from the base plate.

Wind Load

1. Structures and structural elements shall be designed for horizontal drag loads
at the Serviceability Limit States and the Ultimate Limit States, and where
appropriate, shall be designed for fatigue, as specified in this document.

2. The hourly mean reference wind pressure shall be as per Table A3.1.1 of
CAN/CSA-S6, latest edition and shall be taken for the following return periods:

e 50 years for overhead sign structures, luminaires support structures,
and traffic signal structures exceeding 16 m in height.

e 25 years for luminaires support structures less than 16 m in height and
traffic signal support structures where locations and safety
considerations permit, and when approved by the City.

3. The design wind pressure shall be as follows:

Pz =qCgCeCh,
Where: q shall be taken from CAN/CSA S6, latest edition, Table A3.1.1 for an
appropriate return period as defined above;

4. The gust factor Cg for all elements of highway accessory support structures
shall be 2.5 as specified in Clause 3.10.1.3 of CAN/CSA S6, latest edition.
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3.4

GUIDELINES FOR HIGHWAY ACCESSORY STRUCTURES

5. Wind induced horizontal drag coefficient Ch shall be as specified in table
A3.2.2, CAN/CSA S6, latest edition.

6. Exposure coefficient Ce shall be as specified in Clause 3.10.1.4 of CAN/CSA
S6, latest edition.

Design for Fatigue
General

The provisions of the AASHTO “Standard Specifications for Structural Supports for
Highway Signs, Luminaires and Traffic Signals” for structural fatigue design are based
upon an Infinite Life Fatigue Design approach, which considers a Constant Amplitude
Fatigue Limit (CAFL). Fatigue critical details shall be designed with nominal stress ranges
that are below the CAFL values for the applicable detail categories.

Most common fatigue details are categorized and illustrated in the AASHTO
Specifications. CSA W59, latest edition may be referenced for other connection details.

7. The fatigue importance factor (IF) shall be based on the following guidelines
as it relates to applicable importance categories, used in the wind-induced,
limit-state fatigue loads.

i. Category | - critical cantilevered or overhead bridge type support
structures installed on major highways or expressways that do not
have vibration mitigation or damping devices installed on them. If
such mitigating devices are installed, they will be moved down to
Category Il. Structures classified as Category | present a high hazard
in the event of failure.

Use Category | for the following conditions:
e Structures without proven vibration damping devices;

e ADT (average daily traffic) >10,000 in one direction, regardless of
number of lanes or ADTT (average daily truck traffic) >1,000;

e Cantilevered sign structures with span >17m or high-mast towers
>30m high

i. Category Il — cantilevered or overhead bridge type support structures
installed on other roads and highways. All structures not meeting the
criteria for either Category | or Category Ill should be classified as
Category Il. This would include any structures with damping devices
that would otherwise meet the Category | criteria

ii. Category Ill — cantilevered support structures installed at low-risk
locations.

Use Category Il for the following conditions:

e Speed limits of 60 km/h or less
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iv. The following wind load effects shall be included in the fatigue design:

o Galloping: Equivalent static vertical shear pressure shall be taken as
1000 x IF (Pa)

o Natural Wind Gust for yearly mean wind speed 5 m/s

e Truck-induced Gust for vehicle speed of 30 m/s, unless otherwise
specified in the Contract Documents.

e Vortex Shedding (applicable only to luminaires structures with taper
less than 12 mm/m)

2. Anchor bolts with nuts both above and below a base plate cannot be preloaded
below the level of the bottom nut. The fatigue resistance of the bolts that are
not preloaded or that have the dimension from underside of the lowest nut to
top of concrete exceeding two (2) bolt diameters, shall be governed by fatigue
stress category “E”.

3. Should base plates be required to bear on concrete through grout pads, such
pad depths shall be minimized. Where non-preloaded anchor bolts are utilized
with grout pads and the grout pad depth dimension exceeds two (2) bolt
diameters, the anchor bolt design shall be governed by fatigue stress category
‘E”. Note: In the case of preloaded anchor bolts, Engineer-of-Record to
determine method to reach required design preload and provide details on
drawings.

3.5 Dead Loads

The dead load shall consist of all permanent loads due to weight of the materials and
components of the structure. The dead load shall also include weight of secondary
structural elements such as luminaires, sign structures, traffic signals and any other
appurtenances attached to the support structure.

1. Sign Support Structures

The unit weight for the dead load of the sign components shall be taken as
0.15 kN/m2. For sign support structures the sign panel area shall be taken as
defined in Item 3.1 of this document.

2. Luminaires

The actual weight shall be taken for the dead load of the luminaires’
components and attachments. The proposed weight of attachments shall be
increased by additional 15% to compensate for future alterations of the loading
applied to the support structure.

3. Traffic signals

The actual weight shall be taken for the dead load of the anticipated
components and attachments. The proposed weight of attachments shall be
increased by additional 15% to compensate for future alterations of the loading
applied to the support structure.
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GUIDELINES FOR HIGHWAY ACCESSORY STRUCTURES

Ice Accretion

Ice accretion shall be in accordance with CAN/CSA-S6, latest edition. Ice accretion of four
(4) mm shall be considered.

Load Combinations

Load combinations and load factors shall be as per Table A3.2.1 of the CAN/CSA-S6,
latest edition. Normal and transverse load combinations shall be applied as per Clause
A3.2.3, Figure A3.2.1, and Table A3.2.3.

QUALITY MANAGEMENT SYSTEM
General

1. The Contractor shall maintain an approved quality management system
throughout the contract. The quality management system shall meet the
requirements of one of the following:

i The latest issue of ISO 9001

i. The Q-base code (the Q-base code contains the basic requirements
of the ISO standard, but it is intended for small companies (i.e. Less
than 10 employees) who are not ready to advance to full ISO
certification).

ii.  Alternative quality management systems that fully meet the objectives
of the above standards may be accepted by the Engineer. The
Contractor shall provide the Engineer with evidence of a documented
quality management system.

2. The purpose of the quality management system is to ensure that the product
meets the quality requirements of the contract, is delivered on time, and is
produced in a cost-effective manner. The Contractor’s quality management
system shall apply to all stages of the design, procurement, manufacturing,
testing and delivery of the product.

Design Calculations and Working Drawing Submissions

The Contractor shall submit to the Engineer a complete set of design calculations and
drawings, prepared and sealed by a professional Engineer registered by the Association
of Professional Engineers and Geoscientists of Alberta (APEGA). As Constructed
Calculations and Drawings will be required at the completion of the contract.

1. Calculation Content
The design calculations shall:

e Be detailed enough to allow for a technical review of the design to
ensure it meets the requirements of the contract.
e Include a list of all assumptions made as part of the design.
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Include, as a minimum, calculations for the following structural
components:

Shaft

Horizontal arm or truss

Shaft or arm flange connections
Base plate

All welded connections

Anchor bolts

Foundation

Identify all horizontal, vertical and overturning loads at the base of the
structure.

Calculation Format

The calculations shall be presented in an orderly manner logically progressing
through the structure.

Drawing Content and Organization

Shop Drawings shall clearly indicate a list of materials and
components, methods of construction, erection diagrams,
connections, explanatory notes and all other information necessary
for completion of work.

The first Drawing sheet for each structure shall contain the design
criteria, list of material and components, and the structure elevation.
Show the design combination and forces governing the design.

The Drawings shall be detailed enough to allow for technical review
of the design to ensure that it meets the requirements of the contract.
All details required for the fabrication of the final product shall be
included in the Drawings. Show all splice locations and details on
Shop Drawings.

Show Anchor Bolt orientations.

Show maximum sign area that the structure is capable of supporting
for the specified wind pressure.

Erection procedure, including preload procedure for anchor bolts, if
applicable, shall be shown on the Drawings.
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Drawing Format
The drawing format shall be as follows:

AutoCAD format (most current release.)

e Produced on ISO a1 size paper (other sizes shall meet the approval
of the Engineer).

e Metric units only
Legible when reduced to 1/2 size or microfilmed.

4.3 Review of Design Calculations and Drawings

The Engineer will review the design calculations and Shop Drawings as follows:

1.

Design calculations and Shop Drawings will be reviewed by the Engineer solely
to ascertain conformance with the general design concept. Responsibility for
approval of detail design inherent in the calculations and drawings rests solely
with the Contractor. The review by the Engineer shall not constitute approval.

Review by the Engineer shall not relieve the Contractor of responsibility for
errors or omissions in the calculations and drawings or for proper completion
of the work in accordance with the contract documents. The Engineer shall
review all design calculations and shop drawings and return any comments to
the Contractor five working days after receipt

The Contractor is responsible for verification and correlation of field
dimensions, fabrication processes, techniques of construction, installation and
co-ordination of all parts of the work.

After the Engineer review, the calculations and drawings will be returned to the
contractor. The Contractor shall revise the drawings and calculations to the
satisfaction of the Engineer prior to fabrication.

The Engineer may require adjustments to the design calculations and
drawings. If it is deemed by the Contractor that such revisions affect the
contract price, this must be presented in writing to the Engineer for
consideration. Written approval to proceed must be granted the Contractor by
the Engineer prior to proceeding with fabrication and installation of work.

5 MATERIALS

5.1 General Material Requirements:

1.
2.

All materials shall be new.

The Contractor shall provide mill test certificates for all sheet steel, steel
reinforcement, bolt assemblies and anchor assembilies to the Engineer prior to
fabrication. The mill test certificates shall contain all chemical and physical
properties of the steel to be used in fabrication.
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3. The use of aluminum is not acceptable, unless specifically stated otherwise by
the Engineer.

Structural Steel
1. Pole shafts Grade 350WT*

Structural steel for handhole reinforcement, connection flanges and base
plates shall conform to CAN/CSA-G40.20/G40.21, latest edition, Grade 300WT
or greater, as required.

* For luminaire pole shafts < 16 m 300W may be used

2. Silicon content of steel shall be less than 0.04% or shall be between 0.15% to
0.2%

3. All steel shall be free of surface defects and internal discontinuities.

Concrete

1. All concrete used for highway accessory support bases shall conform to
CAN/CSA A23.1, latest edition and shall have the following properties:*

28-Day Strength min. 30 MPa at 28 days
Cement Type HS*

Slump max. 80 mm

Air Entrainment 5-7%

Max. Size of Aggregate 20 mm

Max W/Cm™*** 0.45

* Refer to Table 2 of CAN/CSA A23.1, latest edition for other acceptable
concrete properties for various site-specific exposure conditions.

** |f the exposure is a combination of chlorides and sulphate, use HPC.

*** Water to cementitious materials ratio.

2. The City may undertake, through an independent CAN/CSA certified testing
firm, random sampling, inspection and testing for the purposes of determining
the compliance with the Specification and other Contract Documents.

Reinforcing Steel

1. Reinforcing steel for substructures within Traffic Splash Zone (10 m from edge
of pavement) shall be galvanized to 3 m (minimum) depth below foundation
grade or full depth of foundation, whichever is less.

2. Reinforcing steel to conform to CSA G30.18, latest edition, Grade 400W and
Specification Section 03200
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6 FABRICATION

1. Fabrication shall be performed in an enclosed area, which is adequately
heated. Field welding will not be allowed.

6.1 Submissions
2. Welding Procedures

Welding procedures shall be submitted for each type of weld used in the
structure. The procedures shall bear the approval of the Canadian Welding
Bureau and shall also be reviewed by the Engineer.

3. Proposed Fabrication Sequence

Prior to commencement of fabrication, the Contractor shall present for review
an outline of the fabrication sequence that clearly describes the order of make-
up and assembly of all the component parts, as well as shop assembily,
inspection stations.

4. Mill Certificates

Mill certificates shall be provided for all material before fabrication commences.
Fabrication shall only be allowed with materials having mill certificates properly
correlated to the materials used on the project and that have been reviewed
and accepted by the Engineer. Mill test reports are to be submitted for review
at least four weeks prior to the scheduled start of fabrication. Test reports for
all materials shall be written in English.

The Contractor shall have all steel, including billets, bars and fasteners,
originating outside of Canada or the U.S. verified by a certified laboratory in
Canada by testing to the specified material standards, and shall include a
determination of boron content (not permitted to exceed 0.0008%).

This laboratory shall be certified by an organization accredited by the
Standards Council of Canada to comply with the requirements of ISO/IEC
17025 for the specific tests, or type of tests, required by the material standard
specified on the mill test report. Preparation and collection of samples for
testing shall be directed and witnessed by, or completed by, personnel
employed by the testing lab. A verification letter, signed and sealed by a
Canadian registered Professional Engineer in the field of metallurgy and
bearing the signature of an authorized officer of the testing laboratory, shall be
provided by the laboratory and shall include references to the appropriate mill
test report(s), material specification number(s), testing standards, date of
testing, and statements indicating material compliance with the requirements
of the Contract documents.
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Galvanizers’ Certificates

Prior to commencement of galvanizing, the Contractor shall provide
galvanizers’ qualifications and certifications.

Schedules

The Contractor shall provide and keep current a complete fabrication schedule
in a form satisfactory to the Engineer.

Bolted Connections

1.

Welding

1.

Connections shall be in accordance with ASTM A325, latest edition, and shall
be snug tight plus 1/3 turn (turn-of-nut), complete with nuts and washers,
galvanized. The top 150 mm of anchor bolt should be threaded.

Anchor bolts: to be fabricated from DYWIDAG thread bars conforming to the
requirements of ASTM A722/ A722M latest edition, Standard Specification for
High-Strength Steel Bars for Prestressed Concrete. Anchor bolts shall be
supplied with steel nuts and washers, all galvanized.

Bolts and anchor bolts shall be sized to accept galvanized nuts without
damaging the protective coating.

Anchor bolt top and bottom cage plates shall be labeled to ensure they are
matched with the appropriate leg.

Certification

Welding to CSA W-59, latest edition. Fabricators shall be certified by the
Canadian Welding Bureau in accordance with CSA W47.1, latest edition for
Division 1 or for Division

Filler Metals

Low hydrogen filler, fluxes and low hydrogen welding practices shall be used
throughout. The low hydrogen covering and flux shall be protected and stored
as specified by AWS Standard D1.5, latest edition. Flux cored welding or use
of cored filler wires in the submerged arc process or shielding gas processes
are not considered as conforming to low hydrogen practice. These methods
will not be permitted. However, metal core welding process utilizing low
hydrogen electrodes with AWS designation of H4 will be allowed. The
deposited weld metal shall provide strength, durability, and impact toughness
and corrosion resistance equivalent to base metal.

Cleaning Prior to Welding

Weld areas must be clean, free of mill scale, dirt, grease, and other
contaminants prior to welding.

Longitudinal Seams

All longitudinal seams shall be made by an approved semi or fully automatic
submerged arc or metal core welding processes.
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5. Weld Penetration

The full penetration welds shall be completed using properly fitted backing bars
or back gouged to sound metal. The longitudinal seams shall have a minimum
60% penetration; however, if backing bar is used for longitudinal seam, the
weld penetration shall be 90%. The following welds shall have 100%

penetration:
o Column to base plate*
° Member to flange plate
° Flange plate to gusset plate.
° Longitudinal seam welds within 150 mm of circumferential welds

and 150 mm beyond hand holes (when provided) shall be full
penetration groove welds. Transition between full and partial
penetration welds shall be ground smooth.

o Longitudinal seam welds, on the female section of the slip joint,
shall be full-penetration groove welds for a length equal to the
minimum splice length plus 150 mm.

o Backing bar splices

* Luminaires and traffic signal supports not greater than 16 m in
height may be socket-type connections with a continuous fillet weld
on the inside of the base plate at the end of the shaft and another
continuous fillet weld on the outside at the top of the base plate.

The backing bar for full penetration weld shall be properly fitted and
the member prepared to a sharp edged 45-degree chamfer. The
groove weld shall be placed in a minimum of two passes by using
100°C of preheat (unless higher preheat is required as per AWS
D1.5 Table 12.3) and maintain a root opening of 5 mm. A rod size,
no greater than 4.0 mm, shall be used for the first pass. A
reinforcing fillet weld shall be placed all around the joint.

6. Tack and Temporary Welds

Tack and temporary welds shall not be allowed unless they are to be
incorporated in the final weld. Tack welds, where allowed, shall be of a
minimum length of four times the nominal size of the weld, and shall be subject
to the same quality requirements as the final welds. Cracked tack welds shall
be completely removed prior to welding over.

7. Run-off Tabs

Run-off tabs shall be used at the ends of all welds that terminate at the edge
of a member. They shall be tack welded only to that portion of the material that
will not remain a part of the structure, or where the tack will be welded over
and fused into the final joint. After welding, the tabs are to be removed by
flame cutting, not by breaking off
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Methods of Weldments Repair

Repair procedures for unsatisfactory weldments shall be submitted for
approval by the City and Engineer prior to repair work commencing.

Arc Strikes

Arc strikes will not be permitted. In the event of accidental arc strikes, the
Contractor shall submit to the City and Engineer for approval a proposed repair
procedure. The repair procedure shall include the complete grinding out of the
crater produced by the arc strike. These areas will be examined by the
Engineer to ensure complete removal of the metal in the affected area.

Plug and Slot Welds
Plug welds or slot welds shall not be permitted.

All plate material for main members and any plate material welded to the main
member shall be flame cut using an automatic cutting machine. Shearing is
not allowed.

Additional splices, other than those shown on the shop drawings, will require
review by the Engineer. The Contractor shall bear the cost of inspection of
these splices.

Lapped joints in the tubular members shall be of sufficient length to develop
the full strength of the lapped members. The ends of the plates in the joint
shall not be chamfered over more than 50% of their thickness.

Each column, arm, extension, clamp and bracket shall be fabricated from one
piece of sheet steel unless approved otherwise.

Intermediate circumferential butt welds shall not be allowed, however
horizontal members greater than 12 m span may have a bolted splice.

Columns, arms, extensions and clamps shall be brake press formed or roll
formed. The brake press knife shall have a radius suitable for the thickness of
the material and nature of the bend.

All plate edges shall be free of notches and gouges.

The depth or projection of any imperfections on the inner or outer surfaces shall
not exceed 15% of wall thickness. Any depth or projection up to 33% of wall
thickness may be repaired by welding. Any excessive projecting weld metal
shall be removed.

The diameter of bolt holes in base plates shall be 10 mm larger than the bolt
diameter.

Punching of full size holes will not be permitted. The holes shall be circular and
perpendicular to the member and shall be deburred to ensure a proper faying
surface.

Hand holes with cover plates on top and bottom of columns are to be provided
for illuminated sign structures or when required as per special provisions.
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22. Hand hole (when required) shall be stiffened by providing a reinforcing rim with

semi-circular ends. The rim shall be welded to the member with a full
penetration groove weld supplemented with an all-around fillet weld.

23. Only low stress stamps shall be used for identification marks. The stamps and

specific location shall be shown on the shop drawings and approved by the
Engineer.

6.4 Dimensional Tolerances

All fabrication shall meet the tolerances described below:

1.

Straightness

The straightness of any item shall not exceed the overall length divided by 300
from the surface at any point. This shall be measured with a straight line joining
the surface at both ends. The difference between the straight line and the
surface shall then be measured to determine the straightness.

Twisting

The twist in the overall length of any column, arm, or extension shall not exceed
7°.

The base plate shall be installed true and accurate at 90 degrees to the axis of
the column, arm, or extension with a deviation of not more than 0.5 degrees.
Length

The specified length of any item shall be within 0 to 60 mm or 0 to +5%
(whichever is less) with the exception of sign bridge spans which shall be within
5 mm of the specified dimensions in unloaded condition. The tolerance for
height shall be 0 to +60 mm.

Across the Flat Dimensions

The average of all across the flats dimensions from a given cross section shall
be within 1% of the specified dimension. In addition, the ratio of the maximum
to minimum across the flats dimensions shall be less than or equal to 1.05.

Tolerance for Flatness of Base Plates and Flange Plates

Surfaces of column base plates shall be flat to within 3 mm tolerance in 305
mm, and to within 5 mm tolerance overall. Faying surfaces of flange plates
shall be flat to within 2 mm tolerance overall.

Arm Rise

Arm rises apply to unloaded structure in the standing position.
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Pre-Assembly

After welding and fabrication, but prior to galvanizing, the Contractor shall pre-assemble
all structures complete with welded sign clamps to check the fit and geometry. Pre-
assembled structures shall be inspected by the Engineer.

Following inspection by the Engineer, the structures shall be disassembled for galvanizing.

Galvanizing

1.

Galvanizing shall conform to:

e ASTM A-123, "Standard Specification for Zinc (Hot-Dip Galvanized)
Coatings on Iron and Steel Products", latest edition.

e All materials to conform to chemical composition restrictions as
recommended in ASTM A385, “Standard Practice for Providing High-
Quality Zinc Coatings (Hot Dip), latest edition.

Qualifications of galvanizers: galvanizers shall be certified in accordance with
CANBS - 7299 4, latest edition. Certification to be submitted to the City.

Minimum zinc retention to be 600 g/m2.

4. All steel components including anchor bolts, high strength bolts, nuts and

washers shall be galvanized after fabrication.

All steel surfaces shall be free of oil, grease, welding slag, paint, varnish, rust,
or anti-spatter compounds prior to galvanizing.

Galvanizing shall be continuous and uniform in appearance, colour and texture.

7. Any sharp edges caused by galvanizing drippings shall be filed smooth and

10.

11.

coated with an approved cold galvanizing compound.

All threaded holes or threaded couplings shall be retapped after galvanizing
and painted with an approved cold galvanizing compound.

All loose galvanizing slag and spatter shall be removed from all components
after galvanizing.

The galvanizer shall safeguard against embrittlement in accordance with
ASTM A143/ A143M, latest edition.

Repair of galvanizing shall only be done if bare areas are infrequent, small,
and suitable for repair. A detailed repair procedure shall be submitted and
approved prior to its use. It should be noted that repairs may require complete
removal of the galvanized coating and regalvanizing. Repair shall comply with
ASTM A780, latest edition, and method A3 metalizing. The thickness of the
metalizing shall be 180 uym, and the repair tested for adhesion. The finished
appearance shall be similar to the adjacent galvanizing. The Engineer will
determine the acceptability of repaired areas.
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6.7 Testing and Inspection
1. Quality Assurance

The Engineer will implement a Quality Assurance program by auditing the
Contractor’s Quality Management System and shall reserve the right to inspect
the products during all stages of fabrication at any time in the fabricator's plant.
The Contractor's Quality Management System shall be submitted to the
Engineer, and include quality control of all materials and workmanship,
including galvanizing and painting. The Contractor shall co-operate with the
inspection agency and shall furnish the inspector with all Quality Control data
and information requested.

2. The Engineer's Review

The Engineer’s inspections and review of the products shall not constitute final
acceptance. Final acceptance of any product will not be granted until it has
been installed and is operating to the satisfaction of the Engineer. Testing by
the Contractor

i.  The Contractor shall provide quality control throughout the course of
fabrication. All test records made by the fabricating shop in the course
of normal quality control shall be open to the Engineer for inspection.
Testing and inspection made necessary by the repair of faulty work
shall be paid for by the Contractor.

ii.  The Contractor shall arrange to have all full penetration welds inspected
either by ultrasonic testing or radiographic inspection methods by a
company certified to CSA-W178.1, latest edition. A copy of test results
shall be provided to the Engineer.

ii.  Engineer does not require destruction of product for testing penetration
of seam welds; however, the Contractor shall provide evidence that
seam welds meet the requirements of the approved CWB weld
procedure by performing periodic random testing of test samples.
Sample seam welds for each CWB approved seam weld procedure
required by this specification shall be cut, etched and checked for
penetration. Testing for all approved seam weld procedures shall be
done by a company certified to CSA-W178.1, latest edition. The testing
company shall provide evidence that the samples were taken randomly
from the production run.

iv.  The frequency of seam weld testing shall be as follows:

e For acontinuous production, each plate thickness shall be tested
at the beginning of the machine set-up, at 50% production and
at the completion.

e The testing interval shall not exceed two (2) days.

If the production is for a day or less, only one (1) testing is
required.
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v. The results of seam weld testing shall be provided to the Engineer
within seventy-two (72) hours of the testing. All the cost associated for
seam testing including re-testing when required and non-destructive
inspection of full penetration welds shall be borne by the Contractor

vi.  The Contractor shall be responsible for all travel, boarding and lodging
costs for a City’s representative to attend the pre-job meeting and two
additional trips during the course of fabrication when the sign structures
are being fabricated outside the province of Alberta.

3. Testing by the Engineer

The visual, radiographic, ultrasonic, magnetic particle and any other inspection
that may be specified or required will be performed by the Engineer or by his
testing agencies at the Engineer's expense.

4. Inspection Station

To ensure that each stage of inspection is performed in an orderly manner,
during the fabrication, Inspection Stations will be set up at specific points.
Certain items of the work will then be checked, and deficiencies shall be
corrected, prior to the work being sent to the next stage of fabrication. These
check points are to be agreed to by the City and Engineer and the Fabricator
prior to commencement of fabrication. The City and Engineer reserves the
right to stop detrimental fabrication between checkpoints if deemed necessary.

5. Non-Destructive Methods of Examination

The methods of non-destructive examination shall be in accordance with the
following standards:

o Radiography — CSA W59, Latest Edition
e Ultrasonic — CSA W59, Latest Edition
¢ Magnetic Particle — ASTM Standard E-709, Latest Edition

6. Inspection Schedule
All welds will be visually inspected.

Ultrasonic inspection will be performed on full penetration welds.
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INSTALLATION
Miscellaneous

Any product damaged in shipping or during installation shall be replaced at no extra cost
to the City.

Prior to construction, the Contractor shall confirm utility conflicts with the sign bases, and
immediately inform the Engineer of these conflicts

The Contractor shall not erect the structural steel until the substructure concrete has been
cured a minimum of three days and achieved 80% of the 28-day specified concrete
strength requirement.

All components shall be handled with care to prevent stress to the components through
bending or twisting. The use of steel chairs as slings will not be permitted. Any damage
to the components through overstress, scratching or denting shall be required or replaced
at the contractor’s expense to the satisfaction of the Engineer.

Pole shafts shall mount directly on concrete bases and where necessary, shall be true to
plumb using galvanized levelling shim plates. The shim plates must be located so that a
minimum of 75 mm of distance is provided from shims to grout edge. The method of
forming and pouring the grout shall be submitted to the Engineer for approval. Dry-pack
methods of constructing grout pads will not be approved.

Handhole bolts shall be coated with anti-seize lubricant.

All scratches in poles and all field-drilled holes shall be repaired by metalizing, as specified
in Section 6.7.11 of this document or, at the discretion of the Engineer, they may be
repaired by coating with Crown No, 67007 cold galvanizing compound spray type (or
approved alternative, i.e. Zinga). The application of the cold galvanizing compound shall
conform to the Manufacturer’s instructions.

High-Tensile-Strength Bolted Connections

Bolted parts shall fit solidly together when assembled. Contact surfaces shall be free of
dirt, grease, burrs, pits and other defects that would prevent solid seating of the parts.
Connections shall be assembled with a hardened washer under the bolt head or nut,
whichever is the element turned in tightening. Surfaces of bolted parts in contact with the
bolt head and nut shall be parallel.
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Bolt Tension

All structural bolts shall be tightened by using turn-of-nut method to ensure the minimum
bolt tension specified in Table 1 is achieved in every bolt after all bolts in the connection
have been fully tightened:

Table1 BOLT TENSION
Specified Minimum Bolt Tension Commonly Minimum Bolt Tension
Bolt Size Kilonewtons | pounds- Supplied Kilonewtons | pounds-
(A325M Bolts) force Equivalent force
Imperial
Size(A325 Bolts)
M16X2 94 21,180 5/8 85 19,200
M20X2.5 147 33,050 3/4 126 28,400
M22X2.5 181 40,700 7/8 175 39,250
M24X3 212 47,660 1 227 51,500
-- -- -- 11/8 251 56,450
M30X3.5 337 75,760 11/4 319 71,700
- - - - -- 13/8 380 85,450
M36X4 490 110,160 11/2 463 104,000

For initial tightening there shall first be enough bolts brought to a "snug tight" condition to
ensure that the parts of the joint are brought into full contact with each other. Snug tight
is defined as the tightness attained by a few impacts of an impact wrench or the full effort
of a man using an ordinary spud wrench.

Following this initial operation, bolts shall be placed in any remaining holes in the
connection and brought to snug tightness. After all bolts have been taken to the snug tight
condition, the Contractor shall match mark the outer face of each nut and protruding end
of bolt to have a common reference line to determine the relative rotation. All bolts in the
joint shall then be tightened additionally by the applicable amount of nut rotation specified
below, with tightening progressing systematically from the most rigid part of the joint to its
free edges. During this operation there shall be no rotation of the part not turned by the
wrench.

Amount of rotation of nut relative to bolt, regardless of which is turned:

e 1/3 turn where bolt length is four (4) bolt diameters or less

e 1/2 turn where bolt length is over four (4) bolt diameters and not exceeding eight
(8) bolt diameters

e 2/3 turn where bolt length exceeds eight (8) bolt diameters

Notes:

Rotational Tolerance: +1/6 turn (60°) over, nothing less than the minimum specified under
Length of bolt measured from underside of head
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1. The Contractor shall provide safe and adequate access meeting Occupational
Health and Safety requirements to all working areas, including all necessary
scaffolding to enable the Consultant to carry out his inspection. The Contractor
shall provide a competent workman to assist the Consultant in the checking of
bolt tightening work.

2. The Contractor shall visually check 100% tightening of the bolts by observing
matchmarking. In addition, the Contractor shall check 10% of all the bolts by
“Calibrated Wrench Tightening” in accordance with CSA S6, Annex A.10.1.6.8,
Inspection of Turn of Nut Tightened Bolts. The wrenches shall be calibrated at
least once each working day in a device capable of indicating actual bolt
tension. A minimum of three typical bolts of each diameter and length shall be
tested from the bolts installed.

FOUNDATION
Design

The Contractor shall have the foundations designed and sealed by an Engineer licensed
to practice by the Association of Professional Engineers and Geoscientists of Alberta
(APEGA). The Contractor shall submit design calculations and Shop Drawing for review
by the Engineer. The design shall be based on loads provided by the sign structure Design
Engineer.

The Contractor shall undertake any geotechnical work at his own cost in order to obtain
sufficient site-specific information necessary to perform foundation design in accordance
with Guidelines and Standards referenced in this document.

The Contractor shall determine the type and size of foundation required and shall carry
out the necessary design.

Foundations shall be designed to allow for local frost conditions.

Foundation base shall be designed so that base plate elevation is minimum 150 mm above
ground

Construction
1. Excavation and Backfill

The Contractor shall excavate holes to a minimum of 300 mm larger than the
base and the base shall be installed in the centre of the excavation.

The backfill around the base shall be placed in thin layers and shall be
thoroughly compacted for the full depth.

The maximum allowable width of excavation shall be site-confirmed and
include safe slope and shoring as required. A rigid traffic barrier system shall
be used as a protection within a roadway.

All backfill material shall be free of organics.
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Cementitious materials shall not be used as backfill, unless specified otherwise
in the Contract Documents.

The disturbed area around installations shall be restored to the original
contours.

Soft spots shall be removed and cleaned and the soil at the bottom of holes
shall be thoroughly compacted to provide a firm bearing. These areas shall be
inspected prior to construction of the foundation.

2. Drilled Cast-in-Place Piles

All pile drilling equipment, drilling procedures and pile materials placement
shall be submitted for review by the Engineer before the installation has
started.

Temporary casing shall be used where risk of collapse of the pile holes exists
due to ingress of water.

Drilled pile holes shall be covered until the time of filling them with concrete.
The covers shall be of sufficient strength to sustain any construction potential
construction load.

Adequate spacers shall be used to ensure minimum 100 mm concrete cover
to reinforcing steel.

Specified shape and dimensions of concrete piles above grade shall be
obtained by use of suitable forms.

Pile installation in cold weather conditions shall be managed by use of
insulated forms and tarps, over sizing pile diameters and other forms of
protection. The requirements of CAN/CSA A23.1, latest edition for cold weather
concreting shall be met.

ROADWORK

Where the existing median is to be reconstructed to accommodate the pedestal for a sign
bridge, the face of the median shall maintain the standard barrier profile as required on
the adjacent median sections.

WARRANTY

As per the General Conditions, the Contractor shall warrant that all of the products are
free from defect (material and workmanship) for a two-year period starting from date of
issuance of The City’s Substantial Completion Certificate.

For all galvanizing finishes, the Contractor shall provide a warranty for a five-year period,
starting from the date of issuance of The City’s Substantial Completion Certificate. The
attached Warranty forms for galvanizing of steel structures shall be signed and sealed
jointly by the Supplier and Installer.

END OF DOCUMENT
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Geometry Span No. and Length(s):
Horizontal Alignment:
Vertical Alignment:
Skew:

Lane Widths:

Bridge Width:

Clearance Box:

Design Live Load:

Parameters Pedestrian Load:

Fatigue Limit State:
Roadway Class:
Traffic Volume:
Wind Load:

Temperature Range:

Earth Pressures:
Ice Loads:
Earthquake:

Soil Bore Hole Data:

Geotechnical Features:
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Galvanized Rebar:
Reinforcing Steel:
Prestressing Steel:

Post-Tensioning Steel:

Structural Steel:

Other Materials:

Abutments

Type:
Foundation:
Bearing Seat:
Backwall:
Wingwalls:
Curtain Wall:
Roof Slab:
Approach Slab:

Pigmented Sealer Colour:
Finishes & Sealing:

Slope Protection:
Drain Troughs:
Special Features:

Additional Comments:
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Piers
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Foundation:

Footing Elevation:
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Nose Plates:

Pigmented Sealer Colour:
Finishes & Sealing:
Special Features:

Additional Comments:

Bearings

Type:

Expansion:

Fixed:

Orientation:
Corrosion Protection:
Special Features:

Additional Comments:

Girders

Method of Analysis:

Girder Type:

Girder Number and Spacing:
Continuity:

Transverse Connectivity:
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Wheel Line Distribution:
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Pigmented Sealer Colour:
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Nominal thickness:

Total Deck Width:
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Wearing Surface (Current & Future):
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Median:
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Deck Joints:
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Expansion
Joints
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Foundation Details

Abutment 1 Layout and Details
Abutment 2 Layout and Details
Abutment Details — Sheet 1
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Girder Layout

Girder Details — Sheet 1

Girder Details — Sheet 2
Diaphragms

Bearings Layout

Bearing Details

Deck Layout and Details — Sheet 1
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Approach Slabs Layout and Details
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ASSURANCE OF ENGINEERING FIELD
i) REVIEW AND COMPLIANCE

To:  The City of Calgary

Re:

Project

| herby give assurance that

(a) I have fulfilled my obligations for field reviews;

(b) I have enclosed documents supporting all approved changes to the plans
and specifications prepared by me which was issued for this project;

(c) The components of the project are in general conformance with the plans,
specifications and other project-related documents;

(d) I have enclosed Record Drawings reflecting all approved changes to the
Drawings and Specifications;

(e) I am a registered Engineer in Alberta (APEGA).

Signature

Date

Name

| have signed on behalf of:

Firm

Name

Address

Postal Code

The City of Calgary | PO.Box 2100 5tn. M | Calgary, AB, Canada T2P 2M5 | calgary.ca
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City of Calgary Section 02455
Project Name Page 1 of 21
Procurement No.: 2024

DRIVEN STEEL PILES

1 GENERAL

1.1 Work Included

A This section outlines the requirements of the Contractor for all materials,
equipment, labour, and incidentals, including the following:

Making sure existing underground and overhead utilities are safe;
Excavating, backfilling, and grading for the support of piling equipment;
Excavating below the cut-off elevation around all piles;

N w N =

Pre-auguring holes to assist pile driving (if required and permitted by the
Engineer);

()

Supplying, setting up, and driving steel piles at the locations and depths
shown on the Drawings or as otherwise directed by the Engineer;

Splicing piles (if required and permitted by the Engineer);
Testing of piles, as specified in the Agreement;

© N o

Cutting piles to the specified elevation;
9 Preparing piles for capping;
10 Removing all excavated materials from the site.
2 This section does not cover the supply, fabrication, and installation of steel sheet
piles.
1.2 Related Work Specified in Other Sections
A Drilled Concrete Piles Section 02466

1.3 Reference Standards

Perform the Work of this section in accordance with the latest edition of the following
standards available at the Effective Date, except where specified otherwise. Provide one
copy onsite of CAN/CSA S6:

A ASTM International (ASTM):

A ASTM A29 / A29M - 16, Standard Specification for General Requirements
for Steel Bars, Carbon and Alloy, Hot-Wrought

2 ASTM A108, Standard Specification for Steel Bar, Carbon and Alloy, Cold-
Finished

3 ASTM A123/A123M, Standard Specification for Zinc (Hot-Dip Galvanized)
Coatings on Iron and Steel Products

4 ASTM A143/143M, Standard Practice for Safeguarding Against
Embrittlement of Hot-Dip Galvanized Structural Steel Products and
Procedure for Detecting Embrittlement

The City of Calgary | P.O.Box 2100 Stn. M ‘ Calgary, AB, Canada T2P 2M5 ‘ calgary.ca
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10

1

A2

A3

14

15

16

A7

ASTM A153/A153M, Standard Specification for Zinc Coating (Hot-Dip) on
Iron and Steel Hardware

ASTM A252, Standard Specification for Welded and Seamless Steel Pipe
Piles

ASTM A563M, Standard Specification for Carbon and Alloy Steel Nuts

ASTM A780/780M, Standard Practice for Repair of Damaged and
Uncoated Areas of Hot-Dip Galvanized Coatings

ASTM D1143/D1143M, Standard Test Methods for Deep Foundations
under Static Axial Compressive Load

ASTM D3689/D3689M, Standard Test Methods for Deep Foundations
under Static Axial Tensile Load

ASTM D3966/D3966M, Standard Test Methods for Deep Foundations
Under Lateral Load

ASTM D4945, Standard Test Method for High-Strain Dynamic Testing of
Deep Foundations

ASTM D7383, Standard Test Methods for Axial Rapid Load (Compressive
Force Pulse) Testing of Deep Foundations

ASTM F1554, Standard Specification for Anchor Bolts, Steel, 36, 55, and
105-ksi Yield Strength

ASTM F2329/F2329M, Standard Specification for Zinc Coating, Hot-Dip,
Requirements for Application to Carbon and Alloy Steel Bolts, Screws,
Washers, Nuts, and Special Threaded Fasteners

ASTM F3125/F3125M, Standard Specification for High Strength Structural
Bolts and Assemblies, Steel and Alloy Steel, Heat Treated, Inch
Dimensions 120 ksi and 150 ksi Minimum Tensile Strength, and Metric
Dimensions 830 MPa and 1040 MPa Minimum Tensile Strength

ASTM F436M, Standard Specification for Hardened Steel Washers Inch
and Metric Dimensions

2 CSA Group (CSA):

N o o> wih o

CAN/CSA S6, Canadian Highway Bridge Design Code

CSA W178.1, Certification of welding inspection organizations
CSA W178.2, Certification of welding inspectors

CSA W47.1, Certification of companies for fusion welding of steel
CSA W48, Filler metals and allied materials for metal arc welding
CSA W59, Welded steel construction

CSA G40.20/G40.21, General Requirements for Rolled or Welded
Structural Quality Steel/Structural Quality Steel
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1.4

1.5

1.6

1.7

1.8

3 Canadian General Standards Board (CGSB):

A CAN/CGSB-48.9712, Non-destructive testing — Qualification and
certification of NDT personnel (ISO 9712:2012, IDT)

A4 International Organization for Standardization and International Electrotechnical
Commission (ISO/IEC):

A ISO/IEC 17025, General requirements for the competence of testing and
calibration laboratories

Definitions

A Extended Warranty Period means a period starting from the issuance of The
City’s Substantial Completion Certificate and lasting for 5 years.

Regulations

A Abide by all current bylaws and regulations of the Province of Alberta and The City
of Calgary (The City).

2 Public safety shall be preserved in accordance with these same regulations.

Geotechnical Report

A Refer to the project-specific geotechnical report.

2 Read and understand the requirements of the geotechnical report prior to
commencing the Work.

Existing Structures, Services, and Utilities

A Confirm and establish the locations and extents of all underground and overhead
structures, services, and utilities in the work area prior to commencement of the
Work by communicating with the applicable owners, authorities, or agencies.

Clearly mark such locations to prevent disturbance or damage.

Place markers to indicate types and locations of underground and overhead
structures, services, and utilities, and show such information on As-Built Drawings.

4 Protect all underground and overhead structures, services, and utilities, and
confirm they are not damaged by piling operations.

.5 Repair any damage done to existing structures, services, and utilities at no
additional cost to The City.

.6 Verify the location of all existing features in the field.

Qualifications

A The firm undertaking the Work of this Section must be experienced in the
successful installation of this type of piling with similar capacities and under similar
conditions. If required by the Engineer, provide satisfactory information to verify
appropriate expertise and experience.
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Shop qualification: The Contractor shall be fully approved by the Canadian
Welding Bureau (CWB) per CSA WA47.1, Division 1 or Division 2, or by an
equivalent Agency approved by the Engineer.

Welder qualifications: Only welders, welding operators, and tackers approved by
the CWB or by an equivalent Agency approved by the Engineer in the particular
category shall be permitted to perform weldments. Their qualifications shall be
current and available for examination by the Engineer.

All welders employed in the field to weld load-carrying structures in the field are to
possess valid "S" Classification, Class "H" certificates issued by the CWB. If the
structures have pipe or hollow structural sections, welders are to possess valid "T"
Classification Class "O" certificates.

Weld inspection: The Contractor shall be responsible for engaging an independent
quality control organization for welding inspection on all structural steel fabrication.
The organization and individual undertaking weld inspection shall be fully approved
by the CWB under the requirements of CSA W178.1. Visual inspectors shall be
certified under the requirements of CSA W178.2 Level 3. Inspectors performing
non-destructive testing shall be qualified for the relevant testing method in
accordance with the requirements of CAN/CGSB-48.9712, Level 3.

1.9 Submittals

A

Schedules: The Contractor shall submit and keep current a complete fabrication
and installation schedule in a form satisfactory to the Engineer.

Mill certificates: Fabrication shall only be allowed with materials having mill
certificates properly correlated to the materials used on the project that have been
reviewed and accepted. The Contractor shall have all steel, including billets and
fasteners, originating outside of Canada or the United States (U.S.) tested and
verified by a metallurgical testing company and laboratory located in Canada. This
laboratory shall be certified by an organization accredited by the Standards Council
of Canada to comply with the requirements of ISO/IEC 17025 for the specific tests
or type of tests required by the material standard specified in the mill test report,
including boron content. A verification letter shall be provided by the certified
laboratory and shall include references to the appropriate mill test report(s),
material specification number(s), testing standards, testing date(s), and
statements indicating compliance of the material to the requirements of the
Agreement. Material test reports and a mill certificate verification letter shall bear
the signature of an authorized officer of the testing laboratory and be signed and
sealed by a Professional Engineer registered in the Province of Alberta in the field
of metallurgy. The Contractor shall submit all mill certificates including any
additional testing as noted above to the Engineer for review and acceptance a
minimum of 20 Business Days prior to the scheduled start of pile installation.

Shop drawings: Fabrication drawings or the equivalent shall be submitted by the
Contractor a minimum of 10 Business Days prior to commencement of fabrication
for review and acceptance.

Welding qualifications: The Contractor shall submit in writing evidence of
qualifications for welding under the CWB W47.1 Divisions 1 and 2, a minimum of
10 Business Days prior to the commencement of fabrication.
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5 Welding procedures: Welding procedures shall be submitted for each type of weld
used in the structure. The procedures shall bear the approval of the CWB and shall
be approved by the Engineer prior to use on the structure. Such approval does not
relieve the Contractor of any responsibility.

.6 Weld material: The Contractor shall submit a certificate of the welding
consumables.

Ve Pile Driving Plan: The Contractor shall submit details and specifications of the
proposed pile driving plan with drawings a minimum of 14 days prior to the
commencement of pile installation for review and acceptance by the Engineer. The
Engineer's review and acceptance of the Contractor’s pile driving plan will not
relieve the Contractor of the full responsibility for the methods and procedures
required to achieve the pile capacity and tip elevations specified in the Agreement.

.8 If, during the course of the Work, the required pile set criteria and tip elevations
are not achieved, or the Work is not being completed in accordance with
requirements of the Agreement, the Contractor’s pile driving plan and proposed
pile remediation plans shall be revised and resubmitted to the Engineer for review
and acceptance before any further pile driving occurs.

9 Compile all piling-related submissions into a single package. Details shall include
the following, at a minimum:

1. Technical Specifications, setup, and configuration of pile driving
equipment, including:

1. Hammer Data: Type, manufacturer, model number, serial number,
maximum rated energy and range in operating energy, stroke at
maximum rated energy and range of operating stroke, ram weight,
and modifications

Striker Plate Data: Weight, diameter, thickness, and composition

Hammer Cushion Data: Manufacturer, area, thickness per plate,
number of plates, total thickness, composition, type, and elastic
properties

Helmet Data: Weight and composition

Pile Cushion Data: Material, area, thickness per sheet, number of
sheets, total thickness of cushion, type, and elastic properties

6. Results of the Contractor's Wave Equation Analysis of Piles
(WEAP)

Pile layout, schedule of installation, driving sequence, and driving frames
Type of piles, sizes, and details (including orientation and batter)

Pile tip and cut-off elevations

Driving methods, procedure, and driving sequence

Details of driving frames

N o o s~ 0D

Pile driving tools and accessories
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8.
9.

10.
11.

12.
13.

14.

Pile lengths, splicing details, and anticipated splicing locations
Grade of steel
List of welders and proof of certification

Written evidence of qualifications for welding under the CWB WA47.1,
Divisions 1 and 2.

Cold weather protection methods

Environmental Construction Operations (ECO) plan that includes a
seepage water management strategy for open-ended pipe piles

When specified in the Agreement, Pile Driving Analyser testing procedures
and contact information with qualifications of independent testing agency

10 Submit one complete copy of all welding inspection and testing reports to the
Engineer.

1.10 Schedule

A Notify the Engineer a minimum of 10 Business Days prior to the commencement
of pile driving to permit scheduling inspections and witnessing tests. Keep the
Engineer informed of all ongoing operations with a minimum of 24 hours advance

notice.

1.11 Field Records

A The Contractor is to submit a pile driving record to the Engineer. Records shall
include the following:

1. Pile number, hammer model, and serial number
2. Surveyed location of each pile
3. Sequence of placing within each foundation unit
4. Pile plumbness
5. Final tip and top of pile elevations
6. Size and lengths of piles
7. Date and time of placing piles
8. Number of blows per 250-millimetre (mm) movement for the entire length
of each pile; set per blow for the last 10 blows
9. Driving force of each hammer blow
10. Identification of piles requiring drilling
11. Details of unusual occurrences
12. Inspector’'s name
2 Submit three copies of all field records and drawings to the Engineer.
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1.12 Pile Driving Set Criteria and Tip Elevation Requirements

A

The Engineer will determine an estimated initial pile driving set criteria (blows per
25 mm or mm/blow) for each foundation element using the pile driving hammer
information provided in the Contractor’s pile driving plan and WEAP.

The first driven production pile for each foundation element will be considered a
test pile. When the foundation element contains more than 15 piles, the first 2
driven production piles in that foundation element shall be considered test piles.
Test piles shall be driven with the same type and size of equipment to be used for
the entire foundation element and completed on the same working day. Information
from the test pile installations will be used to confirm the pile design and
acceptability of the pile driving equipment.

Test piles shall be driven to the estimated initial pile driving set criteria determined
by the Engineer prior to driving any of the other piles within the foundation element.
The test pile elevations determined by the Engineer may vary up to 15% from the
tip elevation shown on the drawings. The test piles shall be subjected to testing
using a Pile Driving Analyzer (PDA) to determine pile load capacity.

The Engineer will review the estimated initial pile driving set criteria based on the
actual pile driving data recorded during test pile driving, and provide the Contractor
with a pile driving set criteria and tip elevations for the remaining piles in the
associated foundation element. The Contractor shall drive piles to both the tip
elevation and pile driving set criteria determined by the Engineer.

When specified in the Agreement, pile driving set criteria will be determined by the
Engineer using the following bearing formulas.

A For piles driven with diesel or hydraulic hammers, the bearing formula will
be as follows:

P=(165xExF)/(S+5) [1]
Where:

P = Pile service limit state (SLS) extreme load as defined on the Drawings
(kilonewtons [kN])

E = Rated (potential) energy output of hammer (kilojoules [kJ]) at the
corresponding number of blows per minute based on the published
hammer data sheet

F = Efficiency factor = 0.8 or as determined by the Engineer

S = Pile driving set criteria = Average penetration per blow for the last 10
to 20 blows (mm per blow)

The bearing formula for piles driven with diesel or hydraulic hammers will
only be applied when:

1. The head of the pile is not crushed or deformed
2. The rate of penetration is acceptable to the Engineer
3. A driving extension is not used
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2 For piles driven with gravity hammers, the bearing formula will be as
follows:
P=(1650 x Wx H) /(S + 25) [2]
Where:

P = Safe bearing value (kN)
W = Weight of striking parts of hammer (tonnes)
H = Height of fall (metres [m])

S = Average penetration per blow for the last 5 to 10 blows

The bearing formula for gravity hammers will only be applied when:

1. The hammer has a free fall

2 The head of the pile is not crushed or deformed

3. The rate of penetration is acceptable to the Engineer

4 The amount of rebound after the blow is acceptable to the Engineer;

otherwise, the height of the bounce will be deducted from “H”
5. A driving extension is not used

Section 3.1.1 describes the use of gravity hammers.

1.13 Inspection and Testing

A The Contractor shall retain the services of independent testing agencies for the
following scopes of work:
1. Testing of welds
2. Testing of steel piling splices
3. PDA testing, also referred to as Dynamic Load testing
4. Static Load testing, where specified in the Agreement.

The Contractor shall have all steel piling splice welds visually inspected.

The Contractor shall perform ultrasonic testing for a minimum of 20% of all full-
penetration compression splice welds for all piles for each structural component
(that is, each pier, each abutment). Ultrasonic testing shall be completed for all full-
penetration compression splice welds for where visual inspection indicates some
defect.

4 The Contractor shall perform ultrasonic testing for 100% of full-penetration welded
splices in tension.

PDA testing and reporting shall conform to ASTM D4945.
the Contractor shall perform PDA testing at the following frequency:

e The greater of two piles or 15% of the total production piles for each
foundation element (each abutment, each pier)
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.10

e For pile walls or structures where more than 40 piles are to be installed, the
greater of 6 piles or 10% of the total production piles in each wall.

e The remaining pilings will have their capacities evaluated based on the
field-adjusted WEAP analysis produced from the PDA testing process

e At least one PDA test is required for each hammer to be used

PDA testing shall be completed on these noted production piles at the end of initial
driving for the pile termination depth and upon re-strike when re-striking (re-
tapping) is specified, with the termination depth as defined by minimum specified
pile embedment and termination criteria established by WEAP to satisfy the design
capacity requirements. Required pile setup time until re-strike occurs and all
associated details will be outlined in the Agreement. If re-striking (re-tapping) test
results do not meet the specified requirements, the Contractor shall continue pile
driving until results acceptable to the Engineer are achieved. A signal matching
analysis using Pile Dynamics Inc.’s (PDI’'s) Case Pile Wave Equation Program
(CAPWAP) shall be completed on at least 1 of the tested piles at each abutment,
each pier, each pile wall, or each structure.

PDA testing shall be completed by an independent testing agency specializing in
this type of Work. The independent testing agency shall be engaged by the
Contractor, supply and install all testing equipment, and analyze the test results in
accordance with this specification. The Contractor shall be responsible to
coordinate and manage all associated PDA testing activities.

When performing PDA testing, use the same pile driver as used for pile installation.
The pile driver shall be capable of mobilizing the ultimate pile capacity in a single
blow without additional data interpretation.

Piles selected for PDA testing shall be representative of other piles in the same
structure, considering spatial variation and soil conditions within the foundation
element (that is, opposite ends of each abutment, each pier, and each retaining
wall).

When performing PDA testing, the Contractor’'s PDA testing agency shall prepare
a daily field report summarizing the preliminary test results, including driving
stresses, transferred energy, and estimated pile capacity, to the Engineer within
24 hours of testing. Upon review of the daily field report, pile tip elevations may be
revised by the Engineer. The final test results shall be submitted to the Engineer
within 3 Business Days of testing completion for each foundation element. The
testing report for each foundation element shall be prepared in accordance with
the requirements of ASTM D4945. As a minimum, the report shall include the
following:

1. Pile and driving system information and performance
Pile installation data

PDA testing equipment and procedure

Energy imparted

Maximum driving stresses

o ok~ Wb

Hammer blow rate
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A3
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7. CAPWAP input parameters, including quake and damping factors
8. Refined WEAP based on the CAPWAP
9. Shaft friction, end bearing, and total pile capacity

This testing report, signed and sealed by a Professional Engineer registered in
the Province of Alberta and employed by the independent testing agency, shall
confirm adequacy of the pile driving criteria established in the initial WEAP, and
propose modifications where appropriate. The Engineer will provide the
Contractor written acceptance, rejection, or a list of items requiring review and
resubmission of the testing report within 3 Business Days of its receipt.

When driven piles exhibit lower driving resistances or shorter penetrations than
normal, the Engineer may require additional tests over and above the minimum
number of tests or PDA tests. The Engineer will determine the scope and number
of additional tests to be completed, and this additional testing will be paid for at the
unit price bid or negotiated when pile driving to elevations are specified.

During piling and at the completion of driving within a foundation element, the pile
tops shall be measured to confirm whether pile heave has occurred. Piles that have
heaved during piling installation shall be re-driven to the depth and capacity
required by the Agreement or as determined by the Engineer.

The Engineer will use the test results to determine the subsequent termination
criteria, requirements for modification of driving procedures or equipment, and pile
acceptance. Any work done on the foundation elements (including pile caps, cut-
off, welding) prior to received approval of test results from the Engineer will be at
the Contractor’s own risk.

At the discretion of the Engineer, additional PDA testing may be requested to
address:

Modifications of the hammer
Modifications of the driving system
Modifications of the pile type
Installation procedures

Pile capacity

Pile embedment

Observed unusual blow counts or penetrations

© N o o bk 0w DN =

Evidence of structural damage to piles

©

Time-related capacity effects
10. Observations of any other behaviour different from normal installation

If the Contractor demobilizes from the foundation element before the Engineer’s
acceptance is received, all remobilization costs will be at the Contractor’s expense.

Static Load testing, when specified in the Agreement, shall be completed by an
independent testing agency specializing in this type of Work. The independent
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testing agency shall be engaged by the Contractor, supply and install all testing
equipment, and analyze the test results in accordance with this specification. The
Contractor shall be responsible to coordinate and manage all associated static
load testing activities.

Static load testing and reporting shall be completed in accordance with ASTM
D1143 for piles subjected to axial loads, ASTM D3689 for piles subjected to axial
tensile loads, and ASTM D3966 for piles under lateral loads and as outlined in
the Agreement. As a minimum, the report shall include the following:

1. Site plan showing locations of test pile and nearest test holes
Test hole logs and summary of subsurface conditions

Type and dimensions of test and anchor piles

Test pile material, including basic specifications

Pile installation details

Final pile top and tip elevations

Ground surface elevation

Date and type of load test

Temperature and weather conditions during the test

= © © N o g bk 0D

0. Description of instrumentation used to monitor pile performance during
testing, including their locations

11. Description of test setup and testing procedures

12. Tabulation of time, load, and displacement readings

13. Interpretation and analyses of test results, including failure load and the
criterion used to estimate it, shaft friction, and end-bearing resistance (as
applicable)

14. Pile load-movement curve
15. Pile time-load and time-movement curves

The static load test report shall be submitted to the Engineer for review and
acceptance within 7 Business Days of completion of testing.

A7 Osterberg or Statnamic tests may be proposed by the Contractor in substitution
for static load testing. Osterberg tests shall conform to ASTM D1143, Standard
Test Method for Piles under Static Axial Load using the Quick Load Test Method
for Individual Piles. Statnamic tests shall conform to ASTM D7383, Standard Test
Methods for Axial Compressive Force Pulse (Rapid) Testing of Deep Foundations.
The Contractor shall submit details of all proposed testing measures in the piling
plan, and the Engineer, at their sole discretion, will accept or reject the Contractor’s
substitution proposal.
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1.14 Quality Control and Quality Assurance Inspection and Testing

A

.10

1
A2

The Contractor’s plan for Quality Control (QC) and Quality Assurance (QA) shall
be included in the Quality Management Plan (QMP) and submitted to the Engineer
for review prior to starting any steel fabrication. All QA/QC, including testing, as
part of the Contractor’'s QMP shall be paid for by the Contractor.

Testing by The City: In addition to the Contractor’s responsibility for QA/QC, The
City may appoint a testing agency to perform independent QA testing as deemed
necessary by The City. These inspections will be performed by testing agencies
appointed by and paid for by The City. This testing is independent of the
Contractor's QMP and shall not replace the Contractor's QC testing and QA review
documentation.

Testing by the Contractor: The Contractor will engage a testing agency, certified
in accordance with CSA-W178.1, to perform QC testing. Additional testing made
necessary by material substitutions, the repair of faulty work, and additional
unspecified material splices shall be paid for by the Contractor. Any test records
made by the fabricating shop in the course of QC shall be submitted to the
Engineer within the Contractor's QA review documentation for review and
acceptance.

Testing is the responsibility of the Contractor and shall include all methods, means,
materials, equipment, and labour necessary to accomplish the requirements
identified within this specification.

Testing of welds includes visual examination of all welding procedures at the plant
and in the field, plus magnetic particle, ultrasonic, x-ray, or other means deemed
necessary by the testing agency to permit certification of welds.

Provide a copy of ultrasonic test results to the Engineer within 3 Business Days of
testing. The Engineer may require additional testing.

Unless otherwise noted, evaluation of flaws shall be to CSA W59.

Steel work shall be inspected for surface defects and exposed edge laminations
during fabrication and blast cleaning. Significant edge laminations found shall be
reported to the Engineer for evaluation. Following rectification, these areas shall
be re-tested for acceptance by the Engineer.

No protective treatment shall be applied to the Work until the appropriate
inspection and testing has been carried out.

All loose rust and scale, slag residue, and weld spatter shall be removed prior to
inspection.

Notify the Engineer no less than 48 hours prior to commencement of shop work.

The Contractor shall verify, in the presence of the Engineer, the hammer
performance using the PDA or other approved equivalent. Hammer performance
shall be verified to confirm that the actual potential energy (rated energy) is not
less than 90% of the stated potential energy.
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1.15 Acceptability

A

Failure to comply with the requirements of these Technical Specifications will result
in the structure being considered potentially deficient.

Additional testing, inspection, and evaluation may be required where evidence
points to a potentially deficient structure and shall be paid for by the Contractor.
The Engineer will determine the scope of additional ultrasonic testing to be
completed and the acceptability of the weld. If welds are determined unacceptable
by the Engineer, the Contractor shall be responsible for the costs and schedule
implications for any corrective action required.

The Contractor shall pay all costs for additional testing, inspection, and analysis
required to demonstrate the adequacy of a structure that does not meet the
requirements of the Agreement. The Contractor shall be responsible for any project
costs associated with schedule delays related to demonstrating the adequacy of
the structure.

The Contractor shall reinforce by additional construction, or replace as directed by
the Engineer at the Contractor's expense, all direct and indirect costs, and all
structures or material judged inadequate by structural analysis or by testing and
inspection at any time up to the end of the Warranty Period.

The Engineer may order further testing, inspection, and analysis at any time. If
additional testing is outside the scope of this Agreement, The City of Calgary will
pay for those tests, inspections, or analysis that meet the specified requirements;
and the Contractor will pay for those that do not.

1.16 Defective Piles

N

Piles damaged by driving, or which are driven out of specified tolerance (with
further details provided in Section 3.2, Installation), orientation, or driven below the
cut-off elevation must be repaired at Contractor's own expense and at the
Engineer’s discretion. The Contractor shall submit a repair procedure to the
Engineer for review and acceptance before any further piling is installed. The
Contractor’s repair procedures, as a minimum, shall include one of the following:

1. The defective piling shall be withdrawn and replaced with new, and if
necessary, longer piles.

Replacement piling shall be driven adjacent to the defective piles.
The defective piles shall be spliced and driven deeper or built-up.

A sufficient portion of the pile cap will be extended and reinforced, if
applicable.

Notwithstanding these requirements, the Engineer may choose to reject any pile
that fails load tests; is out of alignment, orientation, or position; is driven below cut-
off elevation; is damaged during driving; or otherwise fails to meet the Technical
Specifications.

Rejected piles will be pulled out and replaced with new piles as directed by the
Engineer, at no additional cost to The City. Only if specifically approved by the
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Engineer, piles may be abandoned if cut off 600 mm below the design cut-off
elevation.

The equipment and methods used to drive piles shall not result in deformation of
the steel.

Manipulation of piles to adjust position, considered by the Engineer to be harmful,
will not be permitted.

Piling on which the galvanized coating has been damaged, as determined by the
Engineer, shall be replaced or repaired at the Contractor’'s own expense. Where
repair of damaged galvanizing is adequate, field touch-up shall be performed per
Section 2.4.

1.17 Survey Verification

A

2

The Contractor shall perform and submit the results of a survey of all pile locations
with respect to the control line, centreline of bearings, or centreline of ramps or
approach structures.

Include actual surveyed positions on the as-built drawings.

2 PRODUCTS

2.1 Materials

A

Metals are to be free from defects impairing strength, durability, and appearance
of the best commercial quality for the purpose specified.

All materials are to be new.
All materials are to have a total maximum boron composition of 0.0008%.

All exposed fastenings are to be of the same material, colour, and finish as the
metal to which applied, unless otherwise noted.

Materials shall conform to the following standards:

Steel-rolled sections: Conform to CSA G40.21M, Grade 350W.
Steel plates and bars: Conform to CSA G40.21M, Grade 300W.
Steel pipe: Conform to ASTM A252, Grade 2.

Welding materials: Conform to CSA-W59.

Welding electrodes: Conform to CSA W48 Series.

High-tensile bolts, nuts, and washers: Conform to ASTM F3125, Grade 325
or 490. .

7. Anchor bolts, nuts, and washers: Conform to ASTM F1554, Grade 55. Nuts
and washers shall conform to ASTM A563A, Heavy HEX and F436M,
respectively.

o o bk DN~

8. All stud shear connectors shall conform to the chemical requirements of
ASTM A29 and A108, Grades 1015, 1018, or 1020. In addition, they shall
meet the mechanical properties specified in CSA W59, Appendix H, for
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Type B studs. Certified mill test reports for the stud material shall be
provided.

9. Grout: Grout will be non-shrink, non-metallic, flowable, with a compressive
strength of 50 megapascals (MPa) at 48 hours (approved anti-washout, as
required).

2.2 Fabrication

A
2

Low hydrogen filler, fluxes, and welding practices shall be used.

Steel piles shall conform to a straightness tolerance of 1.5 mm maximum per metre
of length.

Pile tip reinforcements shall be installed as indicated on the Drawings.

Cutting, preparation, and welding shall be performed in accordance with
CSA-W59.

When the air temperature is below 10 degrees Celsius (°C), all material to be
welded shall be preheated to 100°C for a distance of 80 mm beyond the weld and
shall be sheltered from the wind.

When the air temperature is below 0°C, welding shall not be permitted unless
suitable hoarding and heating, accepted by the Engineer, is provided.

All welds that have been repaired shall be visually inspected and shall undergo
non-destructive testing. Unauthorized weld repairs may be rejected.

Defective welds shall be repaired or replaced for acceptance by the Contractor’'s
ultrasonic testing agency and the Engineer.

2.3 Steel Splices

A

The City of Calgary |

Steel pile splices shall be in accordance with the Agreement. All field welding shall
be in accordance with CAN/CSA S6 and CSA W59.

Supply full length piles where feasible to minimize field splicing during installation.
For fully integral bridge abutment piles, the top 5 m of each pile driven shall not
include a spliced section.

The number of splices shall be kept to a practical minimum. The number and
location of splices are subject to review by the Engineer.

Splices in river environments and other water bodies shall be located below the
low-water level, unless otherwise encased in concrete.

Where the upper portions of piling are specified to be galvanized, excess piling
shall be removed from the ungalvanized portion of the piling so that the galvanized
portion extends to the elevation shown on the Drawings. Splicing within the
galvanized portion of the piling shall be avoided. If splicing within the galvanized
portion becomes necessary, the galvanizing shall be removed to the extent
required to complete the splice in a manner acceptable to the Engineer.

The spliced areas and any other damage galvanized areas shall be metallized in
accordance with ASTM A780, Method A3 to a thickness of 180 micrometres (um)
and tested for adhesion. All costs associated with metallizing and testing will be
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considered incidental to the Work, and no separate or additional payment will be
made.

For steel pipe piling splices, methods acceptable to the Engineer shall be used to
match out-of-round piling. Weld procedures shall be suitable for any steel pipe pile
where out-of-round conditions are present.

2.4 Finishes

A

Galvanizing: Hot dipped galvanizing shall conform to ASTM A123M,
ASTM A153M, and ASTM F2329; minimum 610 grams per square metre (g/m2)
of coating.

Field touch-up of damaged galvanizing: Zinc metalizing conforming to ASTM
A780/780M Method 3. Metalizing shall be 180 uym thick.

2.5 Delivery, Storage, and Handling

A

Handle, haul, and store piling in a manner that avoids damage to the piling
materials. Loading and unloading shall be by crane, loader, or other appropriate
hoisting equipment.

Prevent damage of the galvanized pile surfaces. Fabric slings, wood blocking, or
other methods acceptable to the Engineer shall be used to support and separate
galvanized piling when handling, hauling, or storing.

Make sure stress exercised during handling and installation remains below
acceptable thresholds.

Avoid damaging piles during insertion into any templates and driving process.

Support piles to avoid bending stress during the driving process.

3 EXECUTION

3.1 Equipment and Driving Methods

N

All pile driving equipment, driving methods, and procedures shall be reviewed and
accepted by the Engineer before pile driving commences. Acceptable driving
equipment includes diesel hammers, hydraulic hammers, vibratory hammers,
driving frames, or other equipment as determined by the Engineer. The use of
multi-component drop hammers will not be permitted under any circumstances.
The use of gravity hammers will not be permitted, except when the required
capacity is less than 350 kN, and the Engineer determines the gravity hammer and
leads are acceptable. Where the use of a gravity hammer is acceptable by the
Engineer, the Contractor shall provide the Engineer acceptable proof of its weight,
including the weight of the follower.

Hammers shall be selected with suitability and drivability in mind.
Hammers shall be sized as required to drive piles to design elevation.

A driving cap or follower shall be provided to maintain alignment of the pile and
hammer. The driving cap or follower shall be of adequate dimensions to allow
driving the pile without trimming or reducing the cross-section of the pile.
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1

A2

A3

The Contractor shall verify that ground conditions at the pile driving site are
adequate to support the equipment to properly install piles and permit load testing.

Driving equipment shall be sufficiently rigid and designed to permit adequate
horizontal and vertical control of piles during driving.

Driving equipment shall include fixed leads to hold piles in position and in axial
alignment with hammer, and able to develop full inertia of driving machine in
resisting lateral displacement. The use of hanging leads is not permitted.

A pile driving machine digital computer output listing output energy will be provided
to the Engineer at the end of each day for review and acceptance.

In cases of low-overhead clearances, suitable equipment shall be selected capable
of splicing and driving piles.

In no case shall the total energy developed be less than 35 kJ per blow.

The maximum rated driving energy of the pile driver shall not exceed 600 joules
per square centimetre (J/cm2) of steel in the pile cross-section.

To prevent damage to piles and to hold axis of pile in line with axis of hammer,
provide suitable cushion and cap on piles being driven.

Gravity or drop hammers shall be weighed in the presence of the Engineer or a
valid “certificate of weight” shall be furnished.

3.2 Installation

A

The driving of piles with driving extensions shall be avoided if practicable and shall
be done only under written permission of the Engineer. When driving extensions
are used, 1 pile from each group of 10 shall be a long pile driven without extensions
and shall be used as a test pile to determine the average capacity of the group.
Driving heads, mandrels, or other devices shall be provided in accordance with the
manufacturer's recommendations so that the pile may be driven without damage
and unnecessary trimming.

For monitoring pile installation, the Contractor shall paint markings on each pile at
0.25-m intervals, with a label at each 1.0-m interval starting from the toe of the pile.

The Contractor shall confirm that the piles are in proper position and alignment by
using installation driving frames and fixed leads.

The tolerance on plan location for the top of the pile is not to exceed 50 mm in any
direction. For fully integral bridge abutments, the variation in position between the
centre of the pile casing and centre of the pile shall not be more than 25 mm from
the horizontal position shown on the Drawings.

Piles shall not be driven with a variation of more than 20 millimetres per metre
(mm/m) from the vertical or the batter, as shown on the Drawings.

After driving, piles shall not deviate from true vertical alignment more than 2% of
the pile length, nor more than 150 mm, except for fully integral bridge abutments
where this dimension is 50 mm, off-centre from the true location ground line with
tops accurately positioned at cut-off elevations shown on the Drawings.
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18

Final driven H-pile orientation (measured in plan-view) shall be within 10 degrees
of the orientation shown on the Drawings.

If installation tolerances are not met, the Contractor shall make immediate changes
to piling procedures. Any pile out of the specified tolerance shall be corrected at
the Contractor's expense for acceptance by the Engineer.

The Contractor shall verify that the ground conditions at the pile driving site are
adequate to support the required equipment.

The Engineer shall have right to inspect all equipment to verify adequacy for
installation requirements.

The Engineer shall have right to inspect all piles prior to driving and reject any piles
that are damaged, out of dimensional tolerance, or have other manufacturing or
material defects.

Steel piles shall consist of structural steel shapes or pipes of the section shown on
the Drawings or otherwise specified.

When pipe piles are to be driven closed-ended, pipe pile tips shall have welded
end-plates installed.

At the completion of driving open-ended pipe piles, and if specified in the Drawings
or special conditions, the thickness of accumulated material in the pipe pile shall
be measured, and the interiors cleaned out to the required elevation. All material,
either loose or adhering to the walls of the pipe piles, shall be removed for
acceptance by the Engineer prior to installing any reinforcing steel or placing
concrete. Driving of any type of piles within 3 m of a pipe pile or integral pile that
contains freshly placed concrete shall not be undertaken until the concrete has
been placed and cured for a minimum of 3 Business Days.

After installation of driven closed-ended or open-ended pipe piles, and if specified
in the Drawings or special conditions, pipe piles shall be filled with pile concrete in
accordance with City Specification 02466, Drilled Concrete Piles. Pile concrete
shall not be placed until the pile is reviewed and accepted by the Engineer. Any
reinforcing required projecting from the pile shall be installed and secured prior to
concrete placement. If water is observed to ingress into the pile, the concrete shall
be placed only after the water has been removed from the pile or only by tremie
concrete and methods, after the ingress of water has reached an equilibrium
elevation, in accordance with City Specification 02466, Drilled Concrete Piles,
Section 3.4 Concrete Placement.

Piles shall be cut off level at the required elevation. If capping is required, the
connection shall be made according to details shown on the Drawings.

The Contractor shall supply and secure temporary caps on all open pipe piles or
drilled holes.

The Contractor shall drive piles in accordance with reviewed sequence drawing
using either a hydraulic hammer, diesel hammer, or high-frequency vibrator,
subject to the approval of the Engineer. Do not use driving methods that would
cause damage to nearby or existing structures.
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Do not damage piles during driving operations. Pile driving should be stopped
immediately if abrupt high-resistance to penetration is encountered.

Hammer blows shall be concentric and in direct alignment with the pile axis at all
times and in direct contact with the pile.

Do not drive piles within 6 m of any concrete less than 72 hours old.

A properly sized driving cap or helmet and cushions shall be used to prevent
damage to the pile heads during driving.

Pile driving shoes shall be provided by the Contractor to improve drivability and
reduce the risk of pile damage.

Piles shall be installed under the supervision of the Engineer’s geotechnical
representative.

Pile sections shall be verified to be in alignment during splicing operations. Flame-
cut and grind ends square with the pile axis before welding.

Hold piles securely and accurately in position while driving. To maintain a centred
pile group with respect to the supported concrete structure foundation with
consideration of pile horizontal position tolerances, the Contractor shall drive piles
set in groups starting at the centre and working outward. Check potential pile
heave within a distance of 10 pile diameters from the pile being driven. Piles that
heave must be re-driven to the depth and capacity required by the Agreement or
as determined by the Engineer.

Piles shall be installed to the pile tip elevation shown on the Drawings, or as
required to meet the pile capacity requirements, as determined by the Engineer.

Should practical refusal be met prior to reaching depth to pile tip elevation shown
on the Drawings, the Engineer may require re-striking (re-tapping), re-driving, or
specified load testing.

Notify the Engineer if pile tip elevations are not obtained.

After pile driving operations have commenced, the Engineer may revise the
required pile tip elevations, if necessary, using the pile driving data.

Where piles are to be driven to practical refusal to develop the full structural
capacity of the pile, practical refusal shall be taken as less than 2 mm per blow
over the final 150 mm of driving using an appropriately sized pile driver.

Where piles are to be driven to a set determined in accordance with the dynamic
formula specified in the Agreement or by the application of the WEAP that verifies
the pile resistance, this set shall be established on the first pile of every 10 piles
driven in a pile group. The other piles shall be controlled by the pile penetration
rate in blows per millimetre that correlates to the set. When new conditions, such
as change in hammer size, change in pile size, or change in soil material occur,
new sets shall be determined.

When re-striking (re-tapping) is required, 10% of the piles in each pile group
rounded up to the next whole number, but no fewer than two piles, shall be re-
tapped no sooner than 72 hours after installation of the individual pile to confirm
that the ultimate axial resistance has been sustained.
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When the re-striking (re-tapping) tests indicate that the ultimate axial resistance
has not been achieved on any one pile, all piles in the group shall be re-tapped.

Where the re-striking (re-tapping) reveals that the ultimate axial resistance of the
piles has not been achieved, the piles that have not achieved the ultimate axial
resistance shall be re-driven to the specified resistance.

Appropriate hammer size and maximum driving energy shall be as determined by
WEAP and confirmed by PDA testing.

PDA testing, when required in the Agreement, will be repeated at the Contractor’s
expense if initial hammers undergo any major repairs or are replaced during the
Work.

Pile driving stress shall not exceed 90% of the specified minimum yield strength of
the pile.

Pile driving may only be interrupted because of pile splicing, the attachment of test
apparatus, or equipment failure or malfunction. If driving is interrupted, the pile
shall be driven a distance of at least 250 mm before the driving resistance may be
used to confirm the pile capacity. Driving of the last 3 m of all piles shall be
uninterrupted.

Piles that do not meet the requirements of this specification, including those piles
that are damaged, broken, misplaced, improperly driven, or out of alignment, shall
be corrected by the Contractor, as directed by the Engineer. This may include
extracting the rejected piles and driving new piles or additional piles. All corrective
work shall be at the Contractor’s expense.

After completion of pile installation, after acceptance by the Engineer, cut off top
of piles to elevations indicated on the Drawings. Piles cut off before acceptance by
the Engineer are at the risk of the Contractor.

The length of pile supplied shall be sufficient so that there is no damaged material
below the cut off. Damaged material at the pile head shall be cut off.

3.3 Guarantee

A

The Contractor shall warranty, in writing, the performance of the galvanized finish
for the Extended Warranty Period. The Contractor shall provide in the warranty for
the replacement of the galvanizing at no cost to The City in the event that the
galvanized surface does not perform satisfactorily under the expected
environmental exposure. Verify the galvanized components are installed in a
manner that will not void the warranty.

The General Contractor, Supplier, and installer are required to complete an
Extended Warranty Form stating the requirements of sub-section 3.3.1.

4 MEASUREMENT AND PAYMENT

4.1 Measurement

A

Measurement of mobilization and setup shall be lump sum and will not be
separately measured.
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2 Measurement of driven steel pile installation will be by the metre of driven piles
acceptably installed and remaining in the completed structure, as measured by the
Engineer to the nearest 0.1 m. The quantity measured will be the actual length
installed from the pile tip to the top of pile.

4.2 Payment

A Payment of mobilization and setup shall include full compensation for all
transportation, labour, material, and equipment required to mobilize the rig onsite
and setup overall pile locations ready to commence driving. No separate payment
shall be made for mobilization and demobilization of the rig to and from the Project
Site.

2 Payment of driven steel pile installation shall be on a unit price bid for the type and
size specified, and will be full compensation for the supply and driving of steel piles
to the elevations and dimensions shown on the drawings; cleaning of pile holes as
required; testing of piles; and all labour, equipment, tools, and incidentals
necessary to complete the Work acceptable to the Engineer.

No additional payment will be made for re-striking (re-tapping)

The Contractor shall nave no claim against The City resulting from any delays
caused by these requirements.

END OF SECTION
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1.1

1.2

1.3

GENERAL

Work Included

A This section outlines the Contractor’s requirements for the supply, excavation, and
installation of reinforced cast-in-place (CIP) concrete drilled piles.

2 The Contractor shall furnish all labour, Materials (including reinforcing steel,
dowels and bearing anchor bolts), services, and Construction Equipment
(including casings and dewatering equipment where required), and shall install all
piles at the locations and depths shown on the Drawings or as otherwise directed
by The City’s Engineer.

3 Alternate installation methods compatible with the design may be used if
acceptable to The City’s Engineer.

4 Such acceptance shall not be considered to relieve the Contractor of their full
responsibility for the means, methods, and procedures to carry out the Work,
considering the Project Site conditions, Technical Specifications and other relevant
Project documents contained in the Agreement.

5 The Contractor shall cooperate with all testing and inspection personnel employed
by the City to perform field tests and inspections.

.6 The Contractor shall provide and maintain all necessary excavation, sheeting, and
bracing, access roads, excavated banks, causeways, embankments, runways,
and ramps as necessary:

A For equipment and Materials (including concrete delivery) access to and
from pile locations

2 To control groundwater and surface water to keep the Work area
sufficiently dry

.3 For field layout required for pile work, including setting and maintaining a

location stake for each pile and giving cut-off grades on all piles

4 For removal and replacement of all overhead and underground
obstructions as required

Ve Should the Contractor elect to use barges for drilling and installation, it is the
Contractor’s sole responsibility that barges have all required approvals, adequate
draft, stability, and anchorage for the duration of the Work.

Related Work Specified in Other Sections

A Concrete Reinforcement Section 03200

2 Cast-In-Place Concrete Section 03300

Reference Standards

A Perform the Work of this section in accordance with the latest edition of the
following standards available at the Effective Date, except where specified
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otherwise. Upon request, provide one copy onsite of the reference standards in
either in hard copy or digital format.

2 ASTM International (ASTM):

A
2

ASTM A36/A36M, Standard Specification for Carbon Structural Steel

ASTM A252/A252M, Standard Specification for Welded and Seamless
Steel Pipe Piles

ASTM A283/A283M, Standard Specification for Low and Intermediate
Tensile Strength Carbon Steel Plates

ASTM C260/C260M, Standard Specification for Air-Entraining Admixtures
for Concrete

ASTM D3740, Standard Practice for Minimum Requirements for Agencies
Engaged in the Testing and/or Inspection of Soil and Rock as Used in
Engineering Design and Construction

ASTM D4285, Standard Test Method for Indicating Oil or Water in
Compressed Air

ASTM D6760, Standard Test Method for Integrity Testing of Concrete Deep
Foundations by Ultrasonic Crosshole Testing

ASTM E329, Standard Specification for Agencies Engaged in Construction
Inspection, Testing, or Special Inspection

3 CSAGroup (CSA):

A
2

© N o O»

1.4 Definitions

CAN/CSA S6, Canadian Highway Bridge Design Code

CSA A23.1/A23.2, Concrete materials and methods of concrete
construction/ Test methods and standard practices for concrete

CSA A283, Qualification Code for Concrete Testing Laboratories

CSA A3000/3001, Cementitious materials compendium (consists of
A3001, A3002, A3003, A3004, and A3005)

CSA G30.18, Carbon steel bars for concrete reinforcement
CSA W48, Filler metals and allied materials for metal arc welding
CSA W59, Welded steel construction

CSA W186, Welding of Reinforcing Bars in Reinforced Concrete
Construction

A All defined words or phrases shall have meaning given the City of Calgary
Standard General Conditions and the Agreement, unless noted otherwise.

2 “Casing (Liner)” means a steel cylinder or cylinders used to resist earth and water
pressures, to serve as concrete form, and to protect personnel.
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3 “Cold Weather” means conditions when the water temperature is at or below
10 degrees Celsius (°C), or when the water temperature is at or likely to fall below
10°C within 96 hours after concrete placement.

4 “Dry Method” means a method of pile installation when concrete is placed in the
dry. A Casing shall be used to maintain sidewall stability, as necessary to control
seepage and sloughing conditions.

5 “Probe Hole” means a small-diameter hole (that is, less than 100-millimetre [mm])
usually drilled using appropriate methods to a required depth below the pile
bottom.

.6 “Piling Subcontractor” means the specialty drilling contractor employed to

complete the CIP concrete pile installation.

7 “Tremie Method” means a procedure for placing concrete under water using a
watertight steel pipe or tube to place concrete without washing out cement fines.

1.5 Submittals

A Submit all items described in this section to The City’s Engineer for review and
acceptance.
2 Pile Drilling Plan:
A Submit a pile drilling plan a minimum of 15 Business Days prior to starting
the Work. At a minimum, the plan shall include the following:
A Summary of Piling Subcontractor experience, Project personnel
resumes, recent projects, and client contact information;
2 All equipment specifications, setup, and configuration of the piling
equipment;
3 Piling sequence including global positioning system survey

coordinates locating the centre of piles and estimated timing;

A4 Drilling methods, procedure and drilling sequence (including
methodology to address the presence of boulders, hard rock
stringers, or occurrences of pile wall sloughing and/or ingress of
water);

5 Detailed installation method, including (where applicable):
A Type and number of drilling rigs and equipment;
2 Casing diameter, thickness and length;

3 Method to install and remove temporary casing or method
to install permeant casing;

4 Drilling fluid type and associated drilling fluid management
considerations (Note: The use of drilling fluids must be
reviewed and accepted by the City’s Engineer. Drilling fluids
and management, as a minimum, shall meet the
requirements of Federal Highway Administration (FHWA)
NHI-18-024 GEC 10, Appendix D, Subsection x3.4 — X3.6.);
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5 Reinforcing steel securing and placement; and

.6 Concrete mix and placement methodology (Tremie method
plan, if applicable);

fo)

Procedure and equipment to maintain plumbness;

List of drilling tools, augers, bits, and attachments for belling and
cleaning;

List of casing lengths and their diameters to be available onsite;
Method of gas detection (if required);

.10 Availability of pile hole video inspection equipment and associated
specifications;

| Formwork at pile-to-column connection or pile-to-pile cap, wall, or
footing, as applicable;

12 Reinforcing steel mill test reports;

13 Reinforcing steel cage lift design drawings;
14 Inspection and testing plan;

15 Cold Weather protection methods;

.16 ECO plan including a Care of Water plan to manage seepage water
encountered as well as a Waste Management plan including
procedures for handling and disposing of excavated materials and
spoils;

A7 Sample pile monitoring / drilling records

3 If during the course of the Work, the required pile capacities and tip elevations are
not achieved, or the work is not being completed in accordance with the Contract
requirements, the Contractor shall revise the pile drilling plan and resubmit it to the
City’s Engineer for review and acceptance before any further piling Work occurs.

4 Acceptance of the Contractor’s pile drilling plan by the City’s Engineer shall not
relieve the Contractor of their full responsibility for the means, methods, and
procedures to carry out the Work according to the Agreement.

5 A Drilled Concrete Pile preconstruction meeting shall occur after the Contractor’s
pile drilling plan has been reviewed by the City’s Engineer and a minimum of one
(1) week prior to commencement of the work. The Contractor’s project manager,
piling subcontractor’s project manager and field superintendent(s) shall attend this
meeting at a date, time and location acceptable to the City’s Engineer.

.6 Concrete:

A Submit concrete mix designs for review in accordance with Section 03300,
Cast-In-Place Concrete.

A When superplasticizer is used, the supporting documentation
submitted for review shall be based on the mix design with
superplasticizer.
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10

1

A2

A3

14

2 Any proposed changes to a concrete mix design during fabrication
shall be subject to review and acceptance by The City’s Engineer
prior to the Contractor making the change.

3 Calibration results of the air meter used for testing plastic concrete
when requested by The City’s Engineer.

2 Submit a concrete placement plan in accordance with Section 03300,
Cast-In-Place Concrete.

3 Submit a thermal monitoring plan for mass-poured concrete in accordance
with Section 03300, Cast-In-Place Concrete.

Concrete records shall be in accordance with Section 03300, Cast-In-Place
Concrete. Submit accurate records of poured concrete items, indicating date and
location of pour, water and air temperature, and test samples taken.

Submit Workplace Hazardous Materials Information System (WHMIS) Safety Data
Sheets (SDSs) for any chemicals and products used onsite.

Submit product data sheets for proprietary patch materials at least 10 Business
Days prior to intended installation date.

Submit product data sheets for non-shrink grout at least 10 Business Days prior
to intended installation date.

Submit inspection, test results (including destructive testing results) and reports no
later than 24 hours after test reports are received from third party testing agency;.

Welding Qualification Data:

A Submit Welding Procedure Specifications (WPS) in accordance with
CSA W59 for all welded joints in steel Casing.

2 Submit test reports showing successful passage of qualification tests for all
non-prequalified WPSs.

3 Submit copies of Canadian Welding Bureau (CWB) certification for welders
to be employed in the Work.

4 If recertification of welders is required, recertification shall be at the
Contractor's expense.

Shop Drawings:

A The Contractor shall submit Shop Drawings at least 15 Business Days
prior to commencing concrete Work, with the following:

A Shop Drawings for all drilled pile and pile cap reinforcing steel.
Drilling Records:
A Submit copies of the drilling report for each pile immediately after drilling.

2 Each report shall indicate the names of the Contractor’s superintendent,
and the Piling Subcontractor superintendent responsible for the Work.

3 For each pile installed, the report shall indicate the following information,
signed by the drilling superintendent:

The City of Calgary | P.O.Box 2100 Stn. M ‘ Calgary, AB, Canada T2P 2M5 ‘ calgary.ca



City of Calgary
Project Name:
Procurement Number:

Section 02466
Page 6 of 23
2024
DRILLED CONCRETE PILES

A Pile number and location

2 Pile shaft diameter

3 Bottom elevation

4 Top elevation

.5 Pile length

.6 Pile plumbness

e Theoretical volume of concrete in pile

.8 Actual volume of concrete placed

.9 Reinforcing steel size and depth actually placed

.10 Drilling start and finish time

A1 Concreting start and finish time

12 Variation from specified tolerances, including surveyed location and
plumbness

A3 The construction method (which shall be dry method, casing
method, or tremie method)

14 Groundwater conditions (including water elevation in hole for wet
piles)

15 Elevation of top and bottom of any casing left in place

.16 Description of temporary casing (including purpose, diameter, wall
thickness, and length)

A7 Description and elevation of any obstructions encountered and
whether removal was achieved

.18 Description of pile bottom, including amount and extent of loose
material

19 Method of concrete placement

.20 Any difficulties encountered in drilling or concreting operations

21 Any deviations from Technical Specifications

22 Any remedial measures completed

15 Post-Construction Survey:
A After completion of pile placement, conduct a survey of the as-constructed
structure.
2 No construction of pile caps, pier caps, or footings, as applicable, shall
commence until this survey has been reviewed and accept by The City’s
Engineer.
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1.6 Project Conditions

A

The Contractor shall review their Piling Subcontractor's methods and procedures
related to drilled piles, including the following:

A Geotechnical report
2 Existing utilities and subsurface conditions
3 Coordination with temporary controls and protections

If field conditions differ from the data and design recommendations outlined in the
geotechnical report prepared by the City’s Engineer, the Contractor shall notify the
City’s Engineer immediately

Existing Utility Facilities:

A The Contractor shall identify and locate existing underground Utility
Facilities before excavating drilled piles.

2 If Utility Facilities are to remain in place, the Contractor shall provide
protection from damage during drilled pile operations.

Should uncharted or incorrectly charted Utility Facilities, designated to remain in
service, be encountered during excavation, the Contractor shall adapt the drilling
procedure if necessary to prevent damage to the Utility Facilities. The Contractor
shall cooperate with The City and Utility Owners in keeping Utility Facilities in
operation without interruption.

The Contractor shall repair damaged Utility Facilities to the satisfaction of the Utility
Owner at no cost to The City

1.7 Quality Control, Quality Assurance, and Inspection and Testing

A

Quality Control

A A minimum of 15 Business Days prior to starting the piling work, the
Contractor shall submit proposed Quality Control (QC) procedures for
review by The City’s Engineer of the following items:

A Falsework erection as required

Cold weather concrete procedure as required
Thermal monitoring plan

Curing

Formwork removal

Joints

N o o~ w i

Inspection and testing plan
.8 Partial pile surveys as the Work proceeds.

2 The Contractor shall employ a qualified and licensed Professional Land
Surveyor registered in the Province of Alberta to perform all surveys,
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layouts, and measurements for drilled pile work, including any layout of
anchor rods and reinforcing steel dowels embedded in drilled piles.

3 The surveyor shall conduct the layout work for each drilled pile to the lines
and levels required prior to beginning excavation; and shall make and
record actual in-place measurements of the following:

A Each drilled pile plan location
2 Shaft diameter
3 Bottom and top elevations
4 Other specified data
5 Deviations from specified tolerances
4 The surveyor shall record and submit all information pertinent to each

drilled pile, and cooperate with other testing and inspection personnel to
provide data for all required reports.

5 The Contractor shall verify that surveys have been converted from grid
coordinates to ground coordinates and confirm proper locations of drilled
piles as per the Agreement prior to proceeding with the Work.

.6 Before and after excavating, the Contractor shall verify the lay-out of each
drilled pile to lines and levels required. The Contractor shall confirm actual
measurements of each drilled pile’s location, shaft diameter, bottom and
top elevations, deviations from specified tolerances, and other specified
data.

2 Quality Management

A The Contractor shall record and maintain information pertinent to each
drilled pile and cooperate with any City testing and inspecting companies
to provide data for required reports.

2 The Contractor shall provide access and Material for any additional testing
at no cost to The City.

3 Inspections and testing by the City’s Engineer does not augment or replace
the Contractor’s requirement to conduct QC/QA nor relieve the Contractor
of their contractual responsibility.

3 Inspections and Testing
A Testing agencies retained for the Work shall be qualified according to
CSA A283, ASTM D3740, and ASTM E329 as applicable.
2 The City’s Engineer shall inspect and approve the bearing strata and other

design conditions before the Contractor is permitted to place the reinforcing
cage and concrete.

3 Project Geotechnical Report:

A A Geotechnical Report has been prepared for this Project and is
available for information only.
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2 The opinions expressed in this report are those of the Design
Geotechnical Engineer and represent interpretations of subsoil
conditions, tests, and results of analyses conducted by the Design
Geotechnical Engineer.

3 The City shall not be responsible for interpretations or conclusions
drawn from this report.

4 The Contractor may elect to make additional test borings and
conduct other exploratory operations necessary for drilled piles to
confirm the soil and groundwater conditions.

5 The Geotechnical Report is included with the Agreement.

4 Concrete testing shall be in accordance with Section 03300, Cast-in-Place
Concrete.

5 Mass-Poured Concrete:
A Mass-poured concrete, as defined by Section 03300, Cast-in-Place

Concrete, shall be monitored for internal temperatures.

2 The Contractor shall make all necessary mitigation measures so
that internal temperatures of any concrete mass pour stays within
CSA A23.1/A23.2 limits.

3 As a minimum, three groups of thermocouples measuring the
concrete core and surface temperatures are required per pile.

4 Thermocouples shall be situated and located per the accepted
thermal monitoring plan.

.6 Crosshole Sonic Logging (CSL) — General:

A The Contractor shall complete CSL testing to confirm pile integrity
for the following circumstances:

A All piles with concrete placed under water (define as a drilled
pile hole with a seepage rate more than 300 mm per hour
(25 mm in 5 minutes) and/or having more than 75 mm depth
of standing water at the base of the drilled hole)

2 All piles with concrete placed using tremie concrete
placement methods

.3 When specified on the Drawings.
2 Long Structural Elements:

A In the case of long structural elements, such as continuous
linear retaining walls with more than 10 concrete piles
placed under water, the Contractor shall test the piles until
three (3) consecutively placed piles are determined to be
acceptable. Then testing may be reduced in frequency to a
minimum 10% of such piles at locations identified at the
Engineer’s discretion. If there are issues with the proceeding
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pile quality then the Engineer may elect to require an
increase in testing at the Contractors cost.

The Contractor shall hire an independent CSL testing agency that
has a minimum 5 years experience in CSL testing. A Professional
Engineer registered in the Province of Alberta, in good standing and
employed the by the independent CSL testing agency shall
supervise the independent CSL testing and prepare a CSL testing
report. The CSL testing report shall be authenticated by a
Professional Engineer licensed to practice in the Province of Alberta
and validated by a Responsible Member.

The Contractor’s independent CSL testing agency shall take and
record CLS measurements at depth intervals of 50 mm or less from
the bottom of the tubes to the top of each pile.

The Contractor shall submit the authenticated CSL testing report to
the City within 5 Business Days of testing completion. The CSL
testing report shall include test summaries (as per evaluation
criteria outlined in this specification) results in graphical and tabular
form, analyses, and an opinion of the pile concrete’s integrity and
suitability for the intended use.

CSL testing shall conform to ASTM D6760, except as described
otherwise herein.

The CSL equipment shall have the following minimum
requirements:

A A computer-based CSL data acquisition system for display
of signals during data acquisition, with a minimum 12-bit
analog to digital (A/D) converter with a sampling frequency
of at least 500,000 hertz (Hz), and capable of recording all
pulse signals for full analysis and individual inspection.

2 Ultrasonic transmitter and receiver probes capable of
producing records at a minimum frequency of 40,000 Hz,
with good signal amplitude and energy through good quality
concrete. The probes shall be less than 28 mm in diameter
and shall be able to freely descend through the full depth of
properly installed access tubes in the piles.

3 Two depth sensors to independently determine transmitter
and receiver probe depths.

4 Ability to trigger the recording system time base with the
transmitted ultrasonic pulse.

7 CSL - Access Tube Preparation:

N

2

The Contractor shall install access tubes in the pile per
ASTM D6760.

The Contractor shall clearly label the access tubes for identification
by the Contractor’s independent CSL consultant.
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.10

1

A2

A3

14

15

16

The Contractor shall provide nominal 50-mm inner diameter (ID)
standard weight Schedule 40 steel tubes for probe access in each
pile. The tubes shall be meet the requirements of ASTM A53/A53M
or an equivalent acceptable to the City’s Engineer. There shall be
one tube for each 0.3 m of pile diameter with a minimum of 4 tubes
per pile.

The Contractor shall use round tubes with a regular ID free of
defects and obstructions, including any tube joints, to permit the
free, unobstructed passage of the probes.

Tubes shall be watertight and free from corrosion, with clean
external faces to provide a good bond between the concrete and
the tubes.

Tubes may be extended with mechanical couplings. When
couplings are used, the Contractor shall record their locations

Duct tape or other wrapping material to seal the joints and bultt
welding of joints shall be prohibited.

Tubes shall be installed in a manner such that the CSL probes pass
through the entire length of the tube without binding.

The Contractor shall confirm that the access tubes are plumb, and
verify that unobstructed passage of the probes is achievable before
the CSL consultant arrives.

The Contractor shall fit the tubes with a watertight shoe on the
bottom and a removable cap on the top.

Tubes shall be spaced at least 40 mm away from the main axial
reinforcing steel.

Tubes shall be secured to the interior of the reinforcement cage at
a minimum of 1 m intervals.

Tubes shall be installed uniformly and equidistantly around the
circumference such that each tube is spaced parallel for the full
length and at the maximum distance possible from each adjacent
tube.

Tubes shall be extended to within 125 mm of the bottom of the pile,
to at least 1.0 m above the top of the concrete, and to at least 0.6 m,
but not more than 1.5 m, above the ground surface.

Tubes shall not be damaged during installation of the reinforcement
cage.

After placement of the reinforcement cage, the Contractor shall fill
the access tubes with clean, fresh water prior to pouring. The water
shall be a minimum of 4 degrees Celsius prior to pouring.
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A7

18

19

The Contractor shall cap tube tops to prevent debris from entering
the access tubes.

The Contractor shall not hammer, apply excessive torque, or
impose other stresses that could break the bond between the tube
and concrete when removing caps from the tubes.

If CSL tube debonding occurs or test equipment does not pass
through the entire length of the CSL tub, the Contractor may be
required to core drill a 50 mm diameter hole to the depth of
debonding or blockage for each affected CSL tube at locations
acceptable to the City’s Engineer.

.8 CSL - Testing:

A

.10

The pile shall be tested no sooner than 3 Days after placement of
all concrete in any pile, but within 21 Days after placement on
production piles.

CSL testing shall be carried out with the transmitter and receiver
probes in the same horizontal plane in parallel tubes unless test
results indicate potential defects; in which case, the questionable
zone may be further evaluated with angled tests (source and
receiver vertically offset in the tubes).

Using the labelling established for the tubes, CSL testing shall be
performed between all adjacent perimeter access tube pairs and
across at least all major diagonals within the pile.

In the event that Defects are detected in piles, additional logs in
other diagonal tube pairs may be required to estimate the extent of
the Defect.

Probes shall be lowered from the top, effectively measuring the
access tube lengths.

Probes shall be pulled simultaneously, with CSL measurements
taken at intervals of 50 mm or less from the bottom to the top of the
pile.

Defects indicated by late pulse arrival times and significantly lower
amplitude and energy signals shall be immediately reported to The
City’s Engineer.

Additional tests, such as offset elevation CSL testing, may be
required to further evaluate the extent of such Defects.

If debonding between the access tube and the concrete is indicated
by the CSL results, an alternative test method shall be required to
determine the integrity of the concrete in the debonded region if
additional coring is not considered viable.

The criteria for evaluation of the concrete from the CSL test shall
be as follows:
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1

A2

A3

14

15

.16

A7

18

A Satisfactory (G) (Good): Factory acceptance test (FAT)
increase 0 to 10% and energy reduction less than
6 decibels (db)

2 Anomaly (Q) (Questionable): FAT increase 11 to 20% and
energy reduction of less than 9 db

.3 Flaw (P/F) (Poor/Flaw): FAT increase 21 to 30% or energy
reduction of 9to 12 db

4 Defect (P/D) (Poor/Defect): FAT increase greater than 31%
or energy reduction greater than 12 db

5 No Signal (NS) No signal received indicating an intrusion or
other severe defect absorbed the signal.

Flaw or Defect zones shall be indicated on the logs, listed in a table,
and their horizontal and vertical extent and location discussed in the
CSL report text prepared by the Contractor’s independent CSL
testing company.

A Flaws shall be addressed if they affect more than 50% of
the profiles.
2 Defects shall be addressed if they affect more than one

profile (a profile is the result of a complete investigation from
bottom to top between two tubes) at the same cross-section.

3 Flaws or Defects covering an entire cross-section define a
full layer concern, which will require repair.

Addressing a Flaw or Defect means, at a minimum, carrying out
additional evaluation by tomography if the concern is localized (for
example, not across the full section); and, depending on the depth
to the concern, carrying out additional measures, such as core
drilling, repair, or replacement, or possibly repeating tests after a
longer waiting time.

Testing by other methods (gamma-gamma, low strain, high strain)
may also be required.

The log for each tube pair shall be clearly identified and oriented
relative to the structure.

The City’s Engineer shall evaluate the results and determine
whether the pile construction is acceptable or not.

If the pile is accepted by The City’s Engineer, then the Contractor
may proceed with construction.

If The City’s Engineer determines that the pile is not acceptable, the
pile shall be cored, repaired, or replaced by the Contractor at the
Contractor’s expense and with no increase in Contract time.

After all CSL testing has been completed, and after acceptance of
the pile by The City’s Engineer, the Contractor shall remove the

The City of Calgary | P.O.Box 2100 Stn. M ‘ Calgary, AB, Canada T2P 2M5 ‘ calgary.ca



City of Calgary Section 02466

Project Name: Page 14 of 23

Procurement Number: 2024
DRILLED CONCRETE PILES

water in the tubes, place grout tubes extending to the bottom of the
access tube, and fill all access tubes in the piles with grout from the
bottom up using tremie methods.

9 Any concrete found to not meet specified criteria based on the tests
performed shall be removed and replaced by the Contractor at no
additional cost to The City.

.10 The pile shall not be considered acceptable until The City’s Engineer has
reviewed and accepted CSL or further tomography reports and determined
whether further remedial action is required.

1.8 Defective Piles

A Should a pile be rejected and the remedy for that pile, finally, not be acceptable to
The City’s Engineer, the Contractor bears all the responsibility, costs of redesign,
and effects from delays.

2 A drop in concrete elevation of more than 2% of the pile diameter between the time
of initial pour and set shall be considered a defective pile.

3 Manipulation of reinforcement to adjust position, considered by The City’s
Engineer to be harmful, shall not be permitted unless directed by The City’'s
Engineer.

4 Defective piles shall be repaired by the Contractor at their expense. No

compensation shall be made for remedial work or losses or damages due to the
remedial work of drilled piles found flawed, defective, or not in accordance with the
Agreement

5 If the City’s Engineer determines a drilled pile is unacceptable, the Contractor shall
submit a remedial action plan proposal with supporting calculations to The City’s
Engineer for review and acceptance at least 10 Business Days prior to
commencement of the remedial work.

A The remedial action shall be designed by the Contractor and signed
and sealed by an Engineer.

.6 No compensation shall be made for remedial work or losses or damages due to
the remedial work of drilled piles found flawed, defective, or not in accordance with
the Agreement. The Contractor’s repair procedures and expected schedule
impact, as a minimum, shall account for the following:

A The defective pile shall be redrilled and replaced by new, and if necessary,
longer and larger piles with a bridging pile cap.

2 The defective concrete shall be removed and replaced.

3 A sufficient portion of the pile cap shall be extended and reinforced.

1.9 Delivery, Storage, and Handling

A The Contractor shall provide continuous concrete delivery from the plant for each
pour.

2 Waste Management and Disposal (as per approved ECO Plan):
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A Divert unused concrete materials to a local, suitably designated disposal
facility. Acquire all such associated required permits.

2 Divert unused admixtures, additive materials (pigments, fibres) or other
Hazardous Substances to an official Hazardous Substances collections
site as accepted by The City’s Engineer.

3 Do not dispose unused admixtures, additive materials or other Hazardous
Substances into sewer systems, lakes, or streams; on to the ground; or to
other locations where it will pose health or environmental hazards.

4 Prevent admixtures, additive materials and other Hazardous Substances
from entering drinking water supplies or streams.

5 Using appropriate safety precautions, collect liquid or solidify liquid with
inert, non-combustible material, and remove for disposal.

.6 Dispose of waste in accordance with applicable local, provincial, and
federal requirements.

2 PRODUCTS

2.1 Concrete

A Concrete shall conform to the requirements of Section 03300, Cast-In-Place
Concrete.
2 Nonshrink grout for underwater crack repairs shall be one of the following

approved products or an accepted equivalent product:
A BASF Rheomac UW 450

2 Euco Tremie Grout
3 Sikagrout 328 with Sikament 100 SC
3 Bonding agent shall consist of one of the following:
A Cement-sand bonding agent to consist of portland cement and sand in a

ratio of 1:1 by volume, mixed with enough water to form a stiff mixture. The
consistency of the mixture shall be such that it can be applied with a stiff
brush to the existing concrete in a thin, even coating that will not run or

puddle.
2 Bonding agent recommended by proprietary patch material supplier.
4 Patch materials for underwater repairs shall be one of the following approved

products or an accepted equivalent product:

A Euco-Speed Blue Line

2 Five Star Structural Concrete Underwater Hand Pack (HP)
3 Sika MonoTop 611 with Sikament 100 SC
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2.2 Reinforcing Steel

A

Reinforcing steel shall conform to the requirements of Section 03200, Concrete
Reinforcement.

Reinforcing support and positioning devices shall be made of noncorrosive
material that supports and aligns reinforcing steel within the shaft and that provides
the appropriate side and bottom cover to the reinforcing steel.

2.3  Steel Casing

A
2

Where required, permanent steel casing shall conform to the IFC Drawings.

Temporary steel Casing shall conform to ASTM A283 Grade D, ASTM A252 Grade
2, or ASTM A36.

24 Equipment

A
2

Continuous flight auger equipment shall not be permitted.

Hydraulic oscillating and rotating equipment shall be permitted for the installation
of temporary or permanent casings.

Equipment made of aluminum material shall not come in contact with the plastic
concrete.

Placing Equipment:
A Consolidating Equipment shall conform to CSA A23.1.

2 Internal vibrators used to consolidate concrete components containing
galvanized steel reinforcement shall have a resilient covering that will not
damage the galvanized reinforcement during use.

External form vibrators are not permitted.

Mixer for Bonding Agents shall be a stationary mixer, power driven, and
capable of uniformly mixing the Materials.

Compressor — Air Blasting:

A The compressor for air blasting shall have a minimum capacity of 3.5 cubic
metres per minute (m3/min).

2 The compressed air shall be free of oil or other contaminants when tested
in conformance with ASTM D4285.

The mixing plant shall be capable of producing tickets in accordance with
CSA A23.1.

Concrete shall be produced at a batching plant. The use of mobile mixers shall not
be permitted.

3 EXECUTION

3.1 Excavation

A

Requirements:
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Excavate holes for drilled piles to dimensions and required bearing strata
or elevations as shown on the Drawings unless directed otherwise in the
field by the City’s Engineer.

2 Bearing strata shall have the load carrying capacity confirmed in the field
by the City’s Engineer.

3 Do not excavate shafts deeper than elevations indicated in the Drawings
unless approved by The City’s Engineer.

4 Excavate the bottoms of drilled piles to a level plane within 1V:12H
tolerance.

Monitor sidewall stability during drilling.
If sidewall instability is encountered that the City’s Engineer considers
excessive, use alternative drilling methods, such as temporary casing.

g Drilled pile design dimensions and depths shown on the Drawings shall be
considered minimums and are based on bearing and friction in assumed
strata.

.8 If bearing stratum is not capable of maintaining the assumed capacity, the
foundation system may be revised as directed by The City’s Engineer.
Revisions would be paid for in accordance with the Agreement.

9 Remove loose material from the bottom of the shaft.

2 Explore the bearing stratum of each pile by a means recommended by the City’s

Engineer.

3 Equipment:

A

Provide adequate equipment so Work is expedited to the fullest extent
possible.

Use equipment fully capable of excavating shafts to depths, diameters, and
sizes indicated in the Drawings and within the specified tolerances.

Maintain equipment in satisfactory operating condition and provide
sufficient quantity of equipment to maintain the projected schedule of the
Work.

Using bits or augers with a power-driven, rotary-type rig, sufficient for
excavating a shaft of a diameter specified on the Drawings from the ground
surface to a depth as specified on the Drawings.

3.2 Reinforcing Steel Placement

A Place concrete reinforcing in accordance with Section 03200, Concrete
Reinforcing.
2 Obtain the City’s Engineer’s acceptance of formwork and placement of reinforcing

steel and inserts before placing concrete

3 Before placing, clean reinforcing steel and dowels of loose rust, scale, dirt, grease,
and other material that could reduce or destroy the bond.
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4 Fabrication and Erection:

A

Fabricate and erect reinforcing cages in shafts as one continuous unit with
any applicable CSL tubes.

2 Where piles extend into a pile cap, take care to ensure reinforcement
extending from the piles does not interfere with the pile cap reinforcing. Use
either temporary or permanent pile cap reinforcement to provide a proper
fit between the pile reinforcement and pile cap reinforcement.”.

3 Place reinforcement accurately and symmetrically about the axis of the
hole and hold securely in position during concrete placement.

4 Verify depths of drilled piles prior to completing tying reinforcing steel
cages.

Reinforcing steel shall be delivered to the site and cut as required.
Splices are limited to near the base for the longitudinal reinforcing steel as
required for proper top-of-pile fit.

7 Add additional reinforcing steel ties or spirals as required to provide stability
of the cage and maintenance of shape and configuration as required for
proper lifting, handling, and placement. Such ties shall not interfere with
free-falling concrete placement or tremie pipe operations.

.8 Provide cover to reinforcing steel of not less than 100 mm.

.9 Provide spacer devices to maintain side and bottom cover.

10 Install spacer devices in accordance with the manufacturer’s instructions.

5 Do not allow reinforcing cage to move vertically or horizontally during concrete
placement.

.6 Should the cage collapse, the entire pile shall be rejected and shall be removed in
its entirety.

7 Inserts and Accessories:

A Use templates to set anchor bolts, levelling plates, and other accessories
furnished under the work of other sections.

2 An Engineer or a qualified and licensed Professional Land Surveyor
registered in the Province of Alberta shall determine the plan location and
elevation of such devices.

3 Provide spacers (capable of sliding on any temporary Casings required),
blocking, and holding devices to maintain required position during concrete
placement.

4 Protect exposed ends of dowels and anchor bolts from mechanical damage

and exposure to weather by greasing, wrapping and taping with
polyethylene or other suitable material.
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3.3 Concrete Placement

A General:

A
2

© N o O»

9
10

1

Continuous flight auger concreting method shall not be permitted.

Fill drilled piles with concrete immediately after inspection and approval by
the City’s Engineer.

Place concrete continuously and in a smooth flow without segregating the
mixed Materials.

Where pile diameter is less than 900 mm, limit the maximum vertical freefall
of concrete to 1200 mm. Maximum vertical freefall height for pile diameters
equal to or larger than 900 mm will be 1500 mm unless approved by the
City’s Engineer. The maximum freefall height will be dependent on the
concrete mix design, reinforcing cage configuration, proposed rate of pour
and proposed mechanical vibration equipment.

Do not allow freefall concrete to hit steel reinforcement.
Do not allow freefall concrete to run down casing or the face of hole wall.
Place concrete by tremie when underwater.

Concrete (nontremie) may be placed by the dry method where no more
than 75 mm of standing water sits at the base of the drilled hole and
seepage rate is less than 300 mm an hour (25 mm in 5 minutes), provided
the poured concrete has a minimum 10% reserve strength above the
design strength.

Provide mechanical vibration for consolidation.

Allow concrete for a pile to cure for a minimum of 48 hours prior to drilling
or concreting an adjacent pile.

Do not use aluminum pipe or equipment for placing concrete.

2 Place concrete using a tremie or concrete pump. Do not introduce air or water
pockets into the tremie concrete through the placing equipment.

3 Tremie Method:

A

Position the pipe of a tremie or the hose of a concrete pump vertically and
ensure the pipe or hose is long enough to reach the lowest point of the
concrete deposit

Fill the drilled shafts with concrete using a tremie or concrete pump, sealed
at the bottom, extending from above the water surface to the bottom of the
drilled shaft.

With the sealed tremie on the bottom of the shaft, fill the tremie pipe to the
top extending above the water surface.

Maintain a continuous flow of concrete at a minimum rate of 15 cubic
metres per hour (m®h) through the pipe or hose
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5 Pick up the filled tremie approximately 300 mm off the bottom of the shaft
to allow the weight of the concrete to displace the seal at the bottom of the
tremie.

.6 At no time is the tremie to be pulled to such a height as to clear the surface
of the concrete already placed in the shaft.

7 Keep the discharge end of the tremie pipe continuously immersed a
minimum of 1.5 m in the freshly placed concrete at all times during
placement once concrete is flowing through the pipe.

.8 Pour all concrete through the now open tremie, taking care to maintain a
sufficient head of concrete to completely displace all water and suspended
cuttings of material and to provide enough pressure to prevent reduction in
pile diameter by earth pressure on the fresh concrete.

.9 Place the concrete in each pile above the cut-off elevation and then dip out
excess concrete while fresh to the cut-off elevation.

.10 Deposit all concrete through the tremie or pumpline to provide a single
continuous flow, without aggregate segregation. Place concrete in its final
position and to its full depth in a continuous placing operation.

M Do not disturb, puddle or vibrate concrete after placement.

12 Locate tremie or concrete pumps a maximum distance of 5 m apart and a
maximum of 2.5 m from forms.

A4 Place concrete only in water that has a temperature 2°C or greater. Insulation of
forms shall be acceptable to maintain temperatures within the forms to 2°C or
greater.

5 Monitor the internal temperature of mass-pour concrete at all times during the pour

and hydration (hardening) periods per the accepted thermal monitoring plan.

.6 Use separate cranes to deliver the tremie concrete, and to move and position the
tremie or concrete pump.

v When a placement operation is completed and Work is to continue, prepare the
construction joint by removing surface laitance to expose the coarse aggregate.

Dewater at least 24 hours after the concrete placement is completed.
Above-Grade/Dry Surface Finish:

A Repair honeycombing or cavities using Approved Type OH-V or FP
products from the most current Alberta Transportation Approved Concrete
Patching Materials for Bridges List. Install as per the manufacturer’s
instructions.

3.4 Cold Weather Concreting Above Grade / Dry

A During the 7-Day curing period, maintain the concrete surface temperature at or
above 10°C.
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2 When cold temperatures are probable during the curing period, the concrete
placement plan shall include the protection measures as necessary to maintain the
concrete temperature above 10°C.

3 Use hoarding and heating to maintain appropriate temperatures if required.

A Design the hoarding for the worst conditions that can be reasonably
anticipated from local weather records, forecasts, site conditions, and past
experience for the time period when the protection is required.

Monitor the conditions, and modify the hoarding as required.

Use heating equipment of sufficient capacity to establish and maintain the
specified curing conditions throughout the curing period.

4 Vent heating equipment used within the housing outside the hoarding.
5 Open flame heating equipment shall not be permitted.
4 Protection measures for CIP concrete are listed in Table 1.

Table 1 — Cast-in-Place Concrete Protection Measures

Anticipated Minimum Ambient Air . .
o Required Protection
Temperature (°C)

Insulation with minimum R value of 0.67 over moisture

+10to 0 .
vapour barrier

110 -10 Insulation with minimum R value of 1.33 over moisture
vapour barrier

-11 to -20 Hoarding and heating

Less than -20 Hoarding and heating
.5 Where concrete or proprietary patch materials are to be cast against existing

concrete, maintain existing concrete surfaces within the affected area and within
500 mm of the affected area, at a minimum temperature of 10°C for a minimum of
2 Days prior to placing new concrete or patch material. Follow manufacturer’s
instructions where required.

3.5 Above-Grade Concrete Surface Patch Repairs

A Use form and pump techniques or the manufacturer’s written instructions in the
case of underwater repairs to install patch material. Finish patches flush with
existing surfaces.

2 Surface and ambient temperature restrictions shall be met throughout the curing
period.
3.6  Construction Tolerances

A The provided tolerance does not relieve the Contractor of the sole responsibility
for matching splices to above-grade reinforced-concrete elements, such as piers,
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pile caps, or pier caps, while maintaining all required concrete cover and lap splice
requirements

2 Plan Location:
A The tolerance on the plan location for the top of the drilled pile shall not be
more than 50 mm in any direction.
2 The centre of the shaft is defined as the centroid of the reinforcing cage.
3 Plumbness:
A Permissible tolerance for plumbness shall be 0.5% of the total pile length.
2 The centres of the top and bottom may be taken as the centroid of the
reinforcing cage.
4 Bottom Area:
A The bottom of the pile shall be essentially horizontal within a tolerance of 1

vertical to 12 horizontal (1V:12H) with the area of the bottom bearing not
less than 98% of that specified on the Drawings.

.5 Top Area:

A Excess concrete at the top of the pile beyond the limits of the pile diameter
shall be removed.

2 The concrete cut-off elevation at the pile top shall be within+25 mm to -75
mm of the elevation specified on the Drawings.

If any of these tolerances are exceeded, immediately notify The City’s Engineer.
The cost of re-engineering and corrective construction for piles that do not meet
the requirements of the Project specifications shall be borne by the Contractor.

4 MEASUREMENT AND PAYMENT

4.1 Measurement

A Measurement of mobilization and pile setup shall be lump sum and shall not be
separately measured.

2 Measurement of drilled concrete pile installation shall be by the metre length of
drilled piles acceptably installed and as measured by The City’s Engineer to the
nearest 0.1 m. The quantity measured shall be the actual length installed from the
pile tip to the underside elevation of the abutment seat.

4.2 Payment

A Payment of mobilization and pile setup shall be full compensation required to:
A Mobilize the drill rig(s) onsite
2 Setup over all pile locations ready to commence pile drilling

3 Provide all labour, Construction Equipment, tools, and incidentals
necessary to complete the Work
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4 No separate payment shall be made for mobilization and demobilization of
the drill rig to and from the project site.
2 Payment of drilled concrete pile installation shall be on a unit price basis per

vertical metre for each specified type and size of drilled pile, and shall be full
compensation for:

A
2
3

N~ o o &

Preparation and editing of all required submittals.
Drilling pile holes to the elevations and dimensions shown on the Drawings

Supply and installation of concrete and reinforcing steel shown on the
Drawings

Supply and installation of casing. Removal of temporary casing as required
Removal and disposal of pile hole tailings
Dewatering and cleaning of pile holes as required

All labour, Construction Equipment, tools, and incidentals necessary to
complete the Work

No additional payment shall be made where the pile holes are drilled larger
than specified unless directed by The City’s Engineer

CSL testing per pile (if required).

All costs associated defective piles including further testing and any associated
repair work required shall be considered incidental to the Work, and no separate
or additional payment shall be made.

END OF SECTION
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1.1

1.2

1.3

1.4

1.5

1.6

GENERAL

Work Included

A Provide all labour, Materials, and Construction Equipment required for the supply
and placement of bituminous tack coat and hot-mix asphalt (HMA) concrete to the
bridge deck and approaches.

Related Work Specified in Other Sections
A Bridge Deck Waterproofing Section 07100

Reference Standards

A Perform the Work of this section in accordance with the latest edition of the
following standards available at the Effective Date, except where specified
otherwise. Provide one copy onsite of The City of Calgary, Standard
Specifications, Roads Construction, in either in hard copy or digital format.

2 Alberta Transportation (AT):

A Test Method TLT-125, Standard Test Method For Particle Shape, Texture
and Uncompacted Void Content of Fine Aggregate

3 The City of Calgary (The City):

N Standard Specifications, Roads Construction.
Definitions
A All defined words or phrases shall have meaning given the City of Calgary

Standard General Conditions, The City of Calgary, Standard Specifications, Roads
Construction and the Agreement, unless noted otherwise.

Source Sampling

A Sampling and testing procedures used to determine Material characteristics shall
be as outlined in The City of Calgary Roads Construction Specification
Section 307.02.03, Sampling and Testing (Superpave), or Section 307.03.03,
Sampling and Testing (Marshall), as applicable, unless otherwise specified.

Submittals
A Provide the following submittals at least 20 Business Days prior to commencing

Work:

A Viscosity-temperature chart for asphalt cement to be supplied showing
either Saybolt Furol viscosity in seconds (s) or kinematic viscosity in
centistokes (cSt), temperature range 105 to 175 degrees Celsius (°C)

2 Manufacturer's test data and certification that asphalt cement meets

requirements of this section

3 Mix design per The City of Calgary Roads Construction Specification
Section 307.00.00 unless noted otherwise in this section
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10

A1

A2

A3

14

Aggregate source name(s) and location(s)

The gradation of each aggregate to be used in the mixture using the sieve
sizes listed elsewhere in this Agreement

The percentage by mass of each aggregate to be used in the mixture
The mix design gradation of the combined aggregate

Other characteristics of the combined aggregate specified in The City of
Calgary Roads Construction Specification Section 307.02.00 for a
Superpave design or Section 307.03.00 for a Marshall design

All mix design characteristics, including:

A Graphs used in arriving at the final mix design

2 The bulk specific gravity of the combined aggregates

3 A graph of theoretical maximum specific gravities

4 The asphalt absorption of the combined aggregates

.5 Tensile strength ratio (both with and without freeze-thaw

conditioning [for Superpave])

Identification of each asphalt supplier by name, location, and types and
grades of asphalt to be supplied

Percent uncompacted voids (Fine Aggregate Angularity) of loosely
compacted minus 2500 portion of the combined aggregate in accordance
with Alberta Transportation Test Method TLT-125 for a Marshall design; no
minimum value specified

For each asphalt supplied, asphalt specific gravity and recommended
mixing and compaction temperatures for the preparation of design
specimens

Voids table to include air voids, voids in mineral aggregate (VMA), and
voids filled with asphalt (VFA) for various asphalt contents (0.1%
increments) and bulk densities (increments of 5 kilograms per cubic metre
[kg/m?))

Mix design submissions using reclaimed asphalt pavement (RAP) shall
include:

A The RAP source name(s) and location(s)

2 All RAP asphalt content and gradation test results

3 The bulk specific gravity of the RAP aggregate

A4 The percentage by weight of RAP to be used in the mixture

5 When required, all RAP rheological test results, the design

rheology, and all blending information used
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1.7 Quality Control, Quality Assurance, Inspection and Testing

A Products, workmanship, and testing shall conform to the standards specified in this
Technical Specification.

2 All products and workmanship shall be inspected by The City’s Engineer. To
facilitate in this process, the Contractor shall provide representative samples of
each of the aggregate components, asphalt cement, and RAP for verification
purposes. A sufficient quantity of each component shall be provided to result in a
100-kilogram (kg) sample of combined aggregate at design proportions. The cost
of such mix design verification shall be borne by The City.

3 Products and mixes shall be tested for conformance to the specified requirements
by an independent testing agency.

A4 The City’s Engineer and independent testing agency shall be notified in writing at
least 48 hours prior to the commencement of Work to permit inspection and testing.

5 The Contractor shall cooperate with The City’s Engineer and independent testing
agency on the inspection of Materials and sampling.

.6 The Contractor shall not produce any asphalt mix prior to receiving The City’s
Engineer’s written notice that the mix design has been verified. Any mix produced
prior to receiving such notice will not be accepted.

7 The aggregate proportioning (including RAP), target gradation, asphalt content,
and air void content for the accepted mix design will then be the Design Mix
Formula and shall become the Job Mix Formula for the start of production of the
asphalt mix.

.8 The Contractor shall be responsible for producing mixes that conform to the
Technical Specifications.

9 Work shall not be covered before inspection and testing unless authorized by The
City’s Engineer, in writing.

.10 Defective products or Work that fails to meet the specified requirements as
directed by The City’s Engineer shall be removed and replaced or repaired at the
Contractor’s own cost.

1.8 Delivery and Storage

A When necessary to blend aggregates from one or more sources to produce
required gradation, do not blend in stockpiles.

2 When dryer drum mixing plant is used, stockpile fine aggregate separately from
course aggregate.

3 Provide approved storage, heating tanks, and pumping facilities for asphalt
cement.

1.9 Examination

A Examine the Drawings and visit the Project Site to determine existing conditions.
No additional compensation shall made for extra work due to existing conditions
that such examination should have disclosed.
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2 Examine previously constructed work. Notify The City’s Engineer, in writing, of any
conditions that may prevent proper completion of this Work. Commencement of
Work implies acceptance by the Contractor of existing conditions.

1.10 Protection

A Protect all monuments, benchmarks, stakes, and lines located onsite. Protect
existing structures, appurtenances, trees, and shrubs.

2 Repair or replace items damaged by this Work to The City’s Engineer’s approval,
at no extra cost to The City.
111 Cooperation
A Cooperate with Other Contractors to expedite progress of the Work.

2 Fully coordinate the Work of this section with the Work of the bridge deck
waterproofing section. The HMA concrete must be placed as soon as possible but
within 5 Business Days maximum per the manufacturer's recommendations after
the protection boards for the waterproofing are placed and immediately after the
tack coat is cured.

1.12 Haul Routes

A Haul routes shall be approved by the municipal authorities having jurisdiction and
in accordance with the Agreement.

2 Vehicles shall be equipped to prevent spilling or leaking of any part of the load.

2 PRODUCTS

21 Material

A Asphalt cement shall conform to The City of Calgary Roads Construction
Specification Section 307.01.00, per roadway design requirements and the
Agreement, unless noted otherwise on structural Drawings.

2 Aggregates shall conform to The City of Calgary Roads Construction Specification
Section 307.02.00, meeting Superpave 12.5 millimetres (mm) (Fine Graded) or
Section 307.03.00, meeting Marshall Mix Type “B,” “C” per roadway design
requirements, and associated Agreement, unless noted otherwise on structural
Drawings.

.3 Tack Coat material shall be anionic emulsified asphalt binder (SS-1) subject to
approval.

4 Joint Sealant shall be Bakor 570-05, Meadows 164, Trem THC 200, or Hydrotech
Hot Poured Seal 6160.

2.2 Mix Design

A Job Mix design shall be submitted per the Agreement’s design requirements for
review by The City’s Engineer 20 Business Days prior to commencing the Work.
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2 Design of mix shall conform to The City of Calgary Roads Construction
Specification Section 307.00.00. When Marshall is specified in the Agreement, the
Marshall mix shall meet Mix Type “B” or “C” requirements, including other related
requirements in this section. When Superpave is specified in the Agreement, the
Superpave mix shall meet Superpave 12.5 mm (Fine Graded) requirements,
including other requirements in this section.

3 Physical requirements shall be measured in accordance with the requirements of
The City of Calgary Roads Construction Specification Section 307.02.00 or
Section 307.03.00 for Superpave or Marshall design requirements, respectively,
per the Agreement’s design requirements.

4 The Job Mix shall not be changed without prior approval. Should a change in a
Material source be proposed, a new Job Mix formula shall be provided to The City’s
Engineer for approval.

5 Plant dust collected during processing shall be returned to the mix in quantities not
injurious to mix properties.

.6 All costs incurred in mix design formulation shall be the responsibility of the
Contractor. Shipping costs for samples sent to The City’s Engineer for verification
and approval shall be the responsibility of the Contractor.

3 EXECUTION

3.1 Plant and Mixing Requirements
A Batch and Continuous Mixing Plants
A Shall Conform to ASTM D995 for batch and continuous mixing plants.

2 Heat asphalt cement and aggregate to the mixing temperature
recommended by the mix designer. Do not heat asphalt cement above the
lower of:

A What is recommended in writing by the asphalt supplier or
2 160°C

3 Before mixing, confirm that dry aggregates have a moisture content not
greater than 1% by mass or a lesser moisture content if required to meet
mix design requirements.

4 Make available current asphalt cement viscosity data at the plant. With
information relative to viscosity of asphalt being used the mix designer shall
recommend the temperature of the completed mix at the plant and paver
after considering hauling and placing conditions.

5 Feed cold aggregates to the plant in proportions that support continuous
operations.
.6 Immediately after drying, screen aggregates into hot storage bins in sizes

to permit recombining into gradation meeting Job Mix requirements.

7 Store hot, screened aggregates in a manner to minimize segregation and
temperature loss.

The City of Calgary | P.O.Box 2100 Stn. M ‘ Calgary, AB, Canada T2P 2M5 ‘ calgary.ca



City of Calgary Section 02510(b)
Project Name Page 6 of 13
Procurement No.: 2024

BRIDGE DECK ASPHALTIC CONCRETE PAVING — MULTIPLE LIFTS

.8 Maintain temperature of Materials within £5°C of specified mix temperature
during mixing.

9 Mixing time:

A In batch plants, continue wet mixing as long as necessary to obtain
a thoroughly blended mix but not less than 30 seconds (s) or more
than 75 s.

2 In continuous mixing plants, mix as long as necessary to obtain a

thoroughly blended mix but not less than 45 s.
3 Do not alter mixing time unless approved.
2 Dryer Drum Mixing Plant

A Feed aggregates to burner end of dryer drum by means of a multi-bin cold
feed unit, and blend to meet Job Mix requirements by adjustments of
variable speed feed belts and gates on each bin.

2 Meter total flow of aggregate by an electronic weigh belt system with an
indicator that can be monitored by the plant operator and that is interlocked
with an asphalt pump so that proportions of aggregate and asphalt entering
the mixer remain constant.

3 Provide for easy calibration of weighing systems for aggregates without
having Material entering the mixer.

4 Make provision for conveniently sampling the full flow of Materials from the
cold feed.

5 Provide screens or other suitable devices to reject oversize particles or

lumps of aggregate from the cold feed prior to entering the drum.

.6 Provide a system interlock that will stop all feed components if either
asphalt or aggregate from any bin stops flowing.

g Accomplish heating and mixing of asphalt mix in an approved, parallel-flow
dryer-mixer in which aggregate and asphalt enter the drum at the burner
end and travel parallel to the flame and exhaust gas stream, with the
following conditions:

A Control heating to prevent fracture of aggregate or excessive
oxidation of asphalt.

2 Equip system with automatic burner controls and provide for
continuous temperature sensing of asphalt mixture at discharge,
with a printing recorder that can be monitored by the plant operator.

3 Submit printed record of mix temperatures every 5 Business Days
to The City’s Engineer.

.8 Maintain a mixing period and temperature to produce a uniform mixture in
which particles are thoroughly coated, and moisture content of Material as
it leaves the mixer is less than 2%.

3 Temporary Storage of Hot-Mix
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A Provide mixture storage of enough capacity to permit continuous operation
and designed to prevent segregation.
2 Do not store asphalt mix in storage bins more than 3 metres (m) deep.
4 Mixing Tolerances
A Permissible variation in aggregate gradation and asphalt cement from Job

Mix (percent of total mass) shall conform to City of Calgary Roads
Construction Specification Section 307.02.02 or Section 307.03.02, as
applicable.

2 Permissible variation of mix temperature at discharge from plant must
remain within the viscosity and temperature curve for the asphalt cement.
Contractor shall provide chart from asphalt supplier showing this curve to
The City’s Engineer.

3.2 Equipment

A Pavers shall be mechanical, automatic grade controlled, self-powered pavers
capable of spreading mix within specified tolerances, true to line, grade, and crown
indicated.

2 Rollers shall be supplied in a sufficient number of type and weight necessary to
obtain the specified density of the compacted mix.

3 Haul trucks shall be of adequate size, speed, and condition to provide orderly and
continuous operation and shall include:

A Tightly sealed boxes with tight, metal bottoms to prevent leakage of
Material
2 Covers of sufficient size and weight to completely cover and protect asphalt

mix when trucks are fully loaded

3 Insulation for the entire contact area of each truck box during cool weather
or for long hauls

4 Haul trucks that cannot be weighed in a single operation on scales supplied shall
not be accepted.

5 Hand Tools

A Lutes or rakes with covered teeth shall be used for spreading and finishing
operations
2 Tamping irons used for compacting Material along curbs, gutters, and other

structures inaccessible to rollers shall have a mass not less than 10 kg and
a bearing area not exceeding 400 square centimetres (cm?)

3 Mechanical compaction equipment, when approved by the City’s Engineer,
may be used instead of tamping irons

4 Straight edges shall be 4.5 m in length, and shall be used to test finished
surfaces
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3.3 Preparation

A

The tack coat shall be applied to the top surface of protection boards and the
approaches. The tack coat shall be applied uniformly at a rate of 0.5 litre per square
metre (L/m?).

2 The tack coat shall be applied only when the surface to be treated is dry, when the
weather is not foggy or rainy, and when the surface temperature is above 5°C.

3 Before applying the tack coat, loose dirt or other deleterious material shall be
removed from the prepared surface by brooming and other methods. All deck
drains and catch basins shall be temporarily plugged.

4 The tack coat shall be applied by means of a self-propelled pressure bituminous
material distributor subject to approval.

5 Tack coats shall be applied in a single application.

The Contractor shall be responsible for accidents or damage resulting from the
use of excessive temperatures and shall replace, at no expense to The City, any
Material destroyed.

g Adjacent structures and appurtenances shall not be spattered by the tack coat.
The Contractor shall remove, at no direct expense to The City, any spattering
caused by the operations.

.8 Areas missed by the distributor or inaccessible to the distributor shall be treated
using hand-spray prior to tacking the adjacent section.

9 No traffic (construction vehicles) shall be allowed on the tack coat until the Material
is fully cured.

34 Delivery

A Transport mix to the Project Site in vehicles cleaned of foreign material.

2 Paint or spray truck beds with soap or detergent solution at least once a Day or as
required. Elevate truck bed, and thoroughly drain cleaning solution. No ponding of
solution shall be permitted.

3 Schedule delivery of Material for placing in daylight, unless The City’s Engineer
approves the use of artificial light.

4 Deliver Material to paver at a uniform rate and in an amount within the capacity of
paving and compacting equipment.

5 Deliver loads continuously in covered vehicles, and immediately spread and
compact Material.

.6 Deliver and place mixes at a temperature within range directed, but generally not

less than, 135°C.
Do not use bridge decks to turn around loaded or empty trucks.

Keep vehicle tires clean of deleterious material prior to driving onto protection
board.
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3.5 Placing

A Place asphalt concrete to thicknesses, grades, and lines indicated in the
Agreement or as directed by The City’s Engineer.

2 Placing Conditions

A

8

Place asphalt mixtures only when air temperature is above 5°C and rising,
and secondary rolling of the asphalt concrete will be completed before the
temperature of the mat falls below 55°C.

When the temperature of the surface on which the asphalt is to be placed
falls below 10°C, provide extra rollers as necessary to obtain required
compaction before cooling.

Do not place HMA when pools of standing water exist on surface to be
paved, during rain, or when surface is damp or frozen.

Place asphalt concrete on the bridge in two nominal 40-mm compacted
lifts, with a tack coat between each lift. Apply the tack coat uniformly at a
rate of 0.5 L/m?,

Place strips in such lengths as to enable the complete surface width to be
completed in 1 Day’s operation.

Spread and strike off mixture with self-propelled mechanical finisher as
follows:

A Construct longitudinal joints and edges true to line markings. Lines
for the paver to follow shall be parallel to centreline of proposed
pavement and approved. Position and operate the paver to follow
the established line closely.

2 When using pavers in echelon, have the first paver follow marks or
lines, and the second paver follow the edge of the Material placed
by the first paver. Work pavers as close together as possible. In no
case permit them to be more than 30 m apart.

3 If segregation occurs, immediately suspend the spreading
operation until the cause is determined and corrected.

4 Correct irregularities in the alignment left by the paver by trimming
directly behind the machine.

5 Correct irregularities in the surface of the pavement course directly
behind the paver as follows:

A Remove excess Material forming high spots by shovel or
lute.

2 Fill and smooth indented areas with hot mix.
3 Do not broadcast Material over such areas.
Do not throw surplus Material onto freshly screeded surfaces.

Verify that no displacement of protection boards or rubberized membranes
occurs during the paving operation.
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3 Unloading

A

Have trucks dump part of their load into the paver and then move up the
deck away from the paver.

The paver shall not push the truck.

Any hot mix material spilled in front of the paver shall be removed
immediately so that it is not ground into the waterproofing membrane or
protection board.

4 Placing by Hand Spreading

A

3.6 Compacting

Wood or steel forms may be used if they are approved and rigidly supported
to provide correct grade and cross-section. Use measuring blocks and
intermediate strips to aid in obtaining the required cross-section.

Distribute Material uniformly. Do not broadcast Material.

During spreading operations, thoroughly loosen and uniformly distribute
Material by lutes or covered rakes. Reject Material that has formed into
lumps and does not break down readily.

Following placing and before rolling, check surface with templates and
straight edges, and correct irregularities.

Provide heating equipment to keep hand tools free from asphalt. Avoid high
temperatures that may burn Material. Do not use tools at a greater
temperature than the temperature of the mix being placed.

A Vibratory rollers shall be operated in static mode.

2 The minimum average Marshall density of the first lift shall be 95%, with no
individual test less than 93%. The remainder of the first lift shall have a minimum
Marshall density of 95%. The minimum average Marshall density of the second lift
(top lift) shall be 97%, with no individual test less than 95%.

3 Steel and Pneumatic Rollers:

N

Steel and pneumatic-tired rollers shall be kept slightly moistened by water.

.2 Steel rollers shall be equipped with scrapers.

3 Pneumatic tire rollers shall be equipped with coco mats.

4 Excessive use of water will not be permitted.

5 The speed of steel tire rollers shall not exceed 5 kilometres per hour (km/h).

The speed of pneumatic tire rollers shall not exceed 8 km/h.

.6 Rollers shall be operated with the drive wheels nearest the paving machine.
4 Longitudinal joints shall be rolled directly behind the paving operation.
5 After the longitudinal joints and edges have been compacted, rolling shall start

longitudinally at the edge and gradually progress toward the centre of the mat.
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.6

T

.10
1

A2

3.7 Joints

A

The roller shall not be driven onto or off the mat over the longitudinal edge of the
mat.

Breakdown rolling

A All of the first lift shall cool to 110°C before commencing with breakdown
rolling.

The Contractor shall complete one pass with the static steel roller only.

The remaining rolling shall be done with pneumatic-tired rollers with
overlapping passes.

4 The Contractor shall not allow the hotmix design to soften the
waterproofing such that the protective boards will squirm under the roller
and crack the hot mix around the perimeter of the board.

.5 The second lift shall be rolled in the usual manner as specified.
.6 Rollers shall be operated to prevent pick-up of the HMA on the tires.

Rollers shall not be turned around on the deck. The roller must run off the deck to
stop and turn.

The line of rolling shall not suddenly be changed or the direction of rolling suddenly
reversed. Any pronounced change or direction shall be made on stable Material.

Rollers shall not be permitted to stand on the mat.

The finished surface of the mat shall be free from waves, hairline cracks, roller
marks, and other unevenness. The finished surface shall be free from depressions
exceeding 6 mm as measured in any direction with a 4.5-m straight edge.

If the finished surface of the mat does not comply with these requirements, the
Contractor shall remove and replace Deficient areas at no cost to The City. The
replacement of the mat shall be performed with a paving machine and shall comply
with the specified riding quality.

General

A Trim old pavements to vertical face to provide true surface and cross-
section against which new pavement may be laid. Remove loose particles.

2 Paint joint face with a thin coat of hot asphalt cement, or preheat joint face
with an approved heater, prior to placing of fresh mixture.

Overlap previously laid strip with spreader by 100 mm.

Remove surplus Material from the surface of the previously laid strip. Do
not dispose Material on the surface of a freshly laid strip.

5 Construct joints between asphalt concrete pavement (ACP) and Portland
cement concrete (PCC) pavement as indicated.

6 Paint contact surfaces of existing structures, such as manholes, curbs, or
gutters, with bituminous material prior to placing adjacent pavement.

The City of Calgary | P.O.Box 2100 Stn. M ‘ Calgary, AB, Canada T2P 2M5 ‘ calgary.ca



City of Calgary Section 02510(b)
Project Name Page 12 of 13
Procurement No.: 2024

BRIDGE DECK ASPHALTIC CONCRETE PAVING — MULTIPLE LIFTS

e Where possible, skew lateral joints at 30 degrees (°) or more from the
perpendicular to the direction of travel. Rake joints in new asphalt to a 30°
slope.

2 Transverse Joints

A Construct and thoroughly compact transverse joints to provide a smooth
riding surface.

2 Stagger joint locations in adjacent lanes by a minimum of 2 m.

3 Offset transverse joint in succeeding lifts by at least 600 mm.

3 Longitudinal Joints

A Before rolling, carefully remove, gather, and discard coarse aggregate in
Material overlapping joints with a lute or rake.

Roll longitudinal joints directly behind the paving operation.

When rolling, shift the roller over onto the previously placed lane so that
not more than 150 mm of the roller rides on the edge of the newly laid lane,
and then operate the roller to pinch and press fines gradually across the
joint. Continue rolling until a thoroughly compacted, neat joint is obtained.

4 Longitudinal joints shall not be located within travel lanes, offset
longitudinal joints in succeeding lifts by at least 150 mm.
4 MEASUREMENT AND PAYMENT

4.1 Measurement

A The quantity measured for payment of this section shall be on a unit price basis
per square metre or a lump sum basis, as per the Agreement.

2 For unit price payment, the quantity to be paid for shall be based on the total
computed area of the bridge deck, as shown on the Drawings or reviewed and
accepted by The City’s Design Professional. The quantity shall be measured to the
nearest 0.1 square metre (m?).

4.2 Payment

A Payment for the Work of this section shall be on an as-tendered basis for the
applicable asphaltic concrete mix type specified.
2 Payment shall be full compensation for the following:
A Preparation of the asphalt mix designs and Job Mix Formula
2 Protection of the environment and bridge components
3 Surface profiling
4 Supply and processing of aggregate
5 Supply and application of tack coat
.6 Supply of asphalt cement
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Processing, hauling, placing, and compacting the mix
Sampling and testing
Construction of ACP joints

10 All labour, Construction Equipment, tools, and incidentals necessary to
complete the Work

END OF SECTION
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1 GENERAL

1.1 Work Included

A This section outlines the requirements for the design, supply, fabrication, storage,
delivery, installation, and all associated Work and incidentals necessary to install
the noise barrier system in accordance with the requirements of the Agreement.

The Contractor shall supply all Materials.

A complete job is called for; therefore, any labour, Construction Equipment, tools,
or other items not specifically mentioned, but necessary to complete the Work,
shall be considered incidental to the Work, and no separate or additional payment
shall be made.

4 Unless stated otherwise in the Agreement, the Contractor shall cover the cost of
engineering, Quality Control (QC), Quality Assurance (QA), and Project closure
documentation, including As-Built Drawings.

5 The Contractor shall provide a maintenance manual that includes repair and
replacement procedures.

.6 Unless stated otherwise in the Agreement, geotechnical investigations will be
undertaken by The City and made available for the Contractor’s use.

1.2 Related Work Specified in Other Sections

A Drilled Concrete Piles Section 02466
2 Concrete Reinforcement Section 03200
3 Cast-In-Place Concrete Section 03300
4 Metal Fabrication Section 05500
5 Precast Concrete Supply, Fabrication, and Installation Section 03302
.6 Other sections specific to the Project

1.3 Reference Standards

A Perform the Work of this section in accordance with the latest edition of the
following standards available at the Effective Date, except where specified
otherwise. Provide one copy onsite of CAN/CSA S6 and CSA A23.1 in either in
hard copy or digital format.

2 Alberta Transportation (AT):
A Alberta Transportation Product List for Concrete Sealers
3 ASTM International (ASTM):

A ASTM C140/C140M-18a, Standard Test Methods for Sampling and
Testing Concrete Masonry Units and Related Units

2 ASTM C457/C457M-16, Standard Test Method for Microscopical
Determination of Parameters of the Air-Void System in Hardened Concrete
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.6

3 ASTM E413, Classification for Rating Sound Insulation
CSA Group (CSA):
A CAN/CSA S6, Canadian Highway Bridge Design Code

2 CSA A23.1/A23.2, Concrete materials and methods of concrete
construction/ Test methods and standard practices for concrete

.3 CSA A165 Series, Standards on Concrete Masonry Units (consists of
A165.1, A165.2, and A165.3).

CSA A23.3, Design of concrete structures
CSA A23.4, Precast concrete - Materials and construction

CSA A3000, Cementitious materials compendium (consists of A3001,
A3002, A3003, A3004, and A3005)

7 CSA G30.18, R2014, Carbon steel bars for concrete reinforcement
Masonry Standards Joint Committee (MSJC):

A TMS 402/602 Building Code Requirements and Specification for Masonry
Structures

The City of Calgary:

A Design Guidelines for Bridges and Structures

1.4 Definitions

N

Unless a word is defined within this subsection, capitalized words used herein
reference the definition provided within The City of Calgary Standard General
Conditions.

“‘Designer” means an Engineer or team of Engineers retained by the Contractor
(either directly or through the Supplier) to perform design of the noise barrier wall
system. The Designer shall be experienced in the design of noise barrier wall
system, shall be employed by a company that is prequalified with the City of
Calgary under category Other New Transportation Structures and shall take
professional responsibility for the design of all components of the noise barrier wall
system, including connections between all elements necessary as part of the wall.

“Engineer of Record (EOR)” means a team of Engineers engaged by The City to
perform design for the overall Project, assigned among Geotechnical, Structural,
and Civil disciplines. Design by the EOR related to the noise barrier wall system
may include geometric and site design, utility facility relocation, design of external
drainage systems, and determination of noise barrier wall design parameters. The
EOR shall also review the noise barrier wall system design. The EOR shall not be
responsible for the design of the noise barrier wall system itself.

1.5 Design

A

A site-specific design shall be performed for each individual application. This
includes the design of the noise barrier and foundations.
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2 All design drawings and construction specifications shall be authenticated by the
Designer.

3 The design shall conform to CAN/CSA S6, The City of Calgary Design Guidelines
for Bridges and Structures, and all other relevant reference standards.

4 The design life of the noise barriers shall be 50 years, with a minimum 20-year
service life for superstructure components.
5 Shimming:
A The design shall include shimming details that shall be shown on the
Drawings.
2 Do not use alternative shimming methods, unless approved in writing by
The City.
3 The maximum combined shim thickness shall not exceed 20 millimetres
(mm).
.6 The design shall provide details on stepping the pile foundation, which are subject
to approval by The City.
e Noise Barrier Wall Profile:
A The noise barrier wall profile shall be as specified in the Agreement, and

any verifications or adjustments are subject to approval by The City.
The top of the barrier profile shall be designed and installed level.

To accommodate sloping ground, the barrier shall be evenly stepped with
all panels installed level.

The maximum step height between adjacent panels is 300 mm.

If stepping is required, the minimum height of the noise barrier, as specified
in the Agreement, shall be maintained.

.8 The Sound Transmission Class (STC) of the nose barrier product specimen shall
be 20 or greater, as determined from the measured sound transmission loss in
accordance with ASTM E413.

9 Engineer of Record:

A The Engineer employed by the Contractor to design the site-specific noise
barrier system shall be the EOR.

2 The EOR shall be responsible for the construction inspection and review,
and shall submit a report with each progress invoice to The City.

.3 Reports shall indicate construction progress and shall include
documentation to verify that, as a minimum, one inspection of pile
installation and one inspection of wall fabrication and construction per
100 lineal metres (m) of installed noise barrier was completed and that the
construction conforms to the design.

4 The EOR shall supervise any corrective action required to correct
Deficiencies in construction.
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5 The EOR shall file a letter confirming construction compliance with the
requirements of their design and the Agreement (standard form to be
provided by The City).

1.6 Submittals

A Concrete mix designs shall be submitted for review and approval per
Section 03300, Cast-In-Place Concrete.

2 Any proposed changes to the concrete mix design during fabrication shall be
subject to review and approval by The City prior to the Contractor making the
change.

3 The design Drawings, details, and construction specifications shall be submitted

to The City for review. The Contractor shall allow a minimum of 10 Business Days
for The City to review and return comments.

4 Include the following details on the design Drawings:
A Reinforcing

Dimensions

Joints

Foundations

Construction tolerances

Horizontal and vertical geometry

Shimming

© N oo o r w N

Height stepping

9 Drainage

.10 Utility crossing

1 Other site-specific features

A2 Specify all Materials, products, and accessories, as well as construction
procedures.

5 Construction shall not proceed until all comments have been resolved to the
satisfaction of The City, unless approved otherwise.

Shop Drawings shall be submitted for review and acceptance.
Maintenance Manual:

A Upon completion of the Work and prior to issuance of the Construction
Completion Certificate, the Contractor shall provide a maintenance manual
that includes repair and replacement procedures for the noise wall system.

1.7 Qualifications

A Should the Contractor propose a precast concrete system, it shall employ a fully
certified precast supplier.
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2 Precast suppliers shall be certified in accordance with the Canadian Precast
Concrete Quality Assurance (CPCQA) Certification Program or CSA Precast
Certification Program.

3 Noise barrier systems shall be installed only by installers prequalified under The
City’s Noise Barrier (Sound Attenuation) construction category. Installers may also
have to be certified by the respective product supplier.

1.8 Quality Control, Quality Assurance, and Inspection and Testing
A Quality Control

A The Contractor is responsible for the quality of Materials and products
provided for incorporation into the Work.

2 QA/QC for all aspects of the Work shall be included in the Quality
Management Plan (QMP) and submitted for review and acceptance prior
to starting the Work.

2 Quality Assurance

A The City may undertake, through an independent CSA-certified testing firm,
random sampling, inspection, and testing for the purpose of determining
the compliance with the Technical Specifications and the Agreement.

2 The Contractor shall notify The City of casting times and allow ample time
for notification, inspection, and corrective work. The Contractor shall
provide a minimum of 2 Days’ notice when requesting an inspection.

3 The Contractor shall provide access to all portions of Work, and
manufacture and fabrication plants, and cooperate with The City’s
representatives.

4 In case of ambiguity whether the product, system, or Work conforms to the

applicable standard, The City reserves the right to have such product or
system tested or re-inspected to ascertain the conformance. The cost of
such testing will be borne by The City in the event of conformance and by
the Contractor in the event of nonconformance with the Agreement.

5 The City may perform a QA audit at the batching or precast plant.
3 Inspection and Testing

A The frequency of concrete testing shall conform to Section 03300,
Cast-In-Place Concrete, and shall be included within the Contractor's QMP.

2 All testing of concrete shall be the responsibility of the Contractor and shall
be performed by an independent, certified testing firm.
1.9 Nonconformance

A Noise barriers that are constructed not meeting the requirements of the accepted
noise barrier mock-up or not meeting the Project Technical Specifications shall be
considered nonconforming work.

2 Nonconforming noise barrier materials are Materials that are placed out of position
or are damaged or not conforming to size, length, and Material specifications.
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3 The Contractor shall report any nonconformances immediately upon identifying
them, and repair or correct them to the satisfaction of The City at no cost to The
City.

4 If removal of nonconforming materials is required, the Contractor shall remove the

amount of Work performed since the last successful test or installation check,
unless otherwise approved by The City in writing.

2 PRODUCTS

21 Materials

A Concrete:
A Concrete shall meet the minimum requirement of Mix Type B-1, as
specified in Section 03300, Cast-In-Place Concrete.
2 Concrete Materials shall conform to the requirements of Section 03300,
Cast-In-Place Concrete.
3 Cold weather concrete shall conform to CSA A23.1.
2 Concrete for drilled concrete piles shall meet the minimum requirements of
Mix Type C, as specified in Section 03300, Cast-In-Place Concrete.
3 Cement for pile concrete shall be consistent with geotechnical report
recommendations.
4 Reinforcing steel shall conform to the requirements of Section 03200, Concrete

Reinforcement.
Masonry units shall conform to the CSA A165 series.

.6 Silane sealer shall conform to the latest Alberta Transportation Product List for
Concrete Sealers — Type 2a.

4 Pigmented sealer shall conform to the latest Alberta Transportation Product List
for Concrete Sealers — Type 3. Colour shall be as specified in the Agreement and
approved by The City.

.8 All internal hardware and miscellaneous Materials shall conform to the
requirements of CSA A23.1.
9 Lifting hooks and devices for precast elements shall conform to the requirements

of CSA A23.4, Clause 15.5.
.10 Wood noise barriers shall not be used.
A1 Wooden or brick shims shall not be used.

2.2 Acceptable Noise Barrier Systems
A Acceptable noise barrier systems include the following:
A CCI AB Fence: Site-specific design per June 1, 2024, Letter of Approval

2 StoneTree Concrete Fence Walls: Site-specific design per May 1, 2024,
Letter of Approval.
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3 Stonecrete Noise Wall System: Site-specific design per June 1, 2024,
Letter of Approval

4 Concrete Cedar Fence System (DDS Consulting): Site-specific design per
June 1, 2024, Letter of Approval

5 Verti-crete Noise Wall System: Site-specific design per June 1, 2024, Letter

of Approval

.6 Lafarge Precast Noise Wall System: Site-specific design per June 1, 2024
Letter of Approval

v DDS Precast Noise Wall System: Site-specific design per June 1, 2024,
Letter of Approval

.8 Atlantic Industries Limited Tuf Barrier Noise Wall System: Site-specific

design per June 1, 2024, Letter of Approval

.9 Atlantic Industries Limited Silent Protector Barrier Noise Wall System:
Site-specific design per June 1, 2024, Letter of Approval

2 An alternative to these systems may be accepted subject to the satisfactory
submission of the product information, and review and acceptance of the system
by The City, Public Spaces Delivery, Bridge Engineering section.

3 Additional testing may be required to confirm performance of alternative systems,
the costs of which shall be borne by the Contractor.

2.3 Durability Requirements

N Noise barriers shall have a uniform appearance, and be free of laitance,
efflorescence, and staining.

2 Concrete masonry units shall have maximum absorption rate of 5%, per
ASTM C140.

3 The required concrete cover to reinforcement shall be within the limits and

tolerances specified on the Drawings, and shall conform to CAN/CSA S6, and
The City of Calgary Design Guidelines for Bridges and Transportation Structures.

3 EXECUTION

31 Mock-up

A A mock-up of a full noise barrier section, consisting of two complete panels
including finishing, shall be prepared for The City and EOR’s review and
acceptance.

2 Full production of Materials shall not commence until approval of the section, in
respect to finishes, colour, dimensions, tolerances, and workmanship, has been
given.

3 The approved section shall form the standard of acceptance for the remainder of

the Project and will be permitted to form a part of the permanent Work.
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3.2 Aesthetic Requirements

A The aesthetic pattern shall be a stacked stone appearance, unless otherwise
specified in the Agreement. Other aesthetic requirements for the noise barriers,
such as finish, texture, colour, and special features, shall be as specified in the
Agreement, and are subject to approval by The City.

2 The exposed surface of the noise barrier shall be uniform, and free of staining,
discoloration, or other aesthetic defects.
3.3 Survey

A Unless specified in the Agreement, The City will provide the survey layout for the
horizontal alignment of the noise barrier only.

2 The Contractor is responsible to provide survey for individual piles, and other
survey as may be required to complete the Work. The Contractor shall complete a
post-installation survey for all piles and submit the information to the City at
construction completion.

34 Delivery, Handling, and Storage

A Delivery, handling, and storage shall be in accordance with CSA A23.4.

2 All Materials shall be protected from weather and damage while in transit or at the
construction site.

3.5 Erection
A Erection shall be in accordance with CSA A23.4.

2 Precast members shall not be handled for shipment until 75% of the design
strength is achieved. Proof of strength shall be a compressive strength of a cube
(core) on a field-cured plank at the Contractor’s expense.

3 Damage during Installation:
A The Contractor shall install the noise barrier and component pieces to avoid
damage.
2 In the event that any portion of the noise barrier or component pieces is

broken, damaged, or defaced, the Contractor shall replace the broken,
damaged, or defaced elements as directed by The City at no additional cost
to The City, including any costs associated with removing or dismantling
the noise barrier and component pieces, and reconstructing or reinstalling
the noise barrier and component pieces.

4 The Contractor shall install the noise barrier and component pieces to avoid any
visible gaps or movement (that is, rocking) between the panels, between the
panels and the posts, and between the panels and the finished grade.

A Gaps Smaller than 15 mm:
A For gaps smaller than 15 mm in the finished wall, the Contractor
shall provide a repair procedure for The City’s review and
acceptance.
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2 The repair procedure shall address both the function and the
aesthetic aspects of the finished wall, and the remedial work shall
be at no additional cost to The City.

2 Gaps Greater than 15 mm:

A For gaps that are 15 mm or greater in the finished wall, the
Contractor shall remove or dismantle the noise barrier and
component pieces and reconstruct or reinstall the noise barrier and
component pieces as directed by The City to eliminate the visible
gaps to the satisfaction of The City.

2 This remedial work shall be performed at no additional cost to The
City.
5 The installed top-of-wall profile of the noise barrier shall meet or exceed the

required elevation of the design top-of-wall profile. No additional payment will be
made for exceeding the required elevation of the design top of wall.

.6 Methods of concrete construction shall conform to CSA A23.1, and the MSJC TMS
402/602 Specification (Table A and Table B).

Table A — Summary of MSJC Cold-Weather Masonry Protection Requirements

Temperature? Special Requirements

o Protect wall surface with plastic sheet for 24 hours after

-4 to 5°C .
construction.

e Protect wall surface with insulating blanket for 24 hours after

construction.
-7 to -4°C ] ) ) )
e Extend insulation period to 48 hours after construction for

grouted masonry.

e Maintain newly constructed masonry above 0°C for at least

24 hours after construction using an acceptable heat source.
-7°C and below ) ) )
e Extend heating period to 48 hours after construction for

grouted masonry.

Notes:

@ Minimum daily temperature for grouted masonry or average daily temperature for ungrouted masonry.
Average daily temperature is the average of the daily high and low temperatures: (high + low)/2.
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Table B — Summary of MSJC Cold-Weather Masonry Construction Requirements

Ambient Temperature? Special Requirements

Oto5°C ¢ Do not lay masonry units having a temperature below -7°C or
with frozen moisture, ice, or snow on their surface.

¢ Remove visible ice and snow from foundations and masonry
by heating to melt the ice.

e Do not heat water or sand above 60°C.

e Provide mortar between 5 and 49°C by heating sand or
mixing water.

-4 to 0°C Everything in the first row, plus:
o Keep mortar temperature above freezing until it is placed.

e Heat aggregate and water to provide grout between 21 and
49°C. Keep grout above 21°C until it's placed.

e Heat AAC units to 5°C before using thin-bed mortar.

-7 to -4°C Everything in the first two rows, plus:

e Heat masonry surfaces under construction to 5°C.

e Provide wind break when wind speed is above 24 km/h.
e Heat masonry to a minimum of 5°C prior to grouting.

-7°C and below Everything in the first three rows, plus:
¢ Provide heated enclosure at grouting locations.

o Keep exterior wall surfaces above freezing.

Notes:

@ Minimum daily temperature for grouted masonry or average daily temperature for ungrouted masonry.
Average daily temperature is the average of the daily high and low temperatures: (high + low)/2.

°C = degree(s) Celsius
AAC = autoclaved aerated concrete
km/h = kilometre(s) per hour

Ve The Contractor shall install the noise barrier and the landscaping so that the piles
and pile caps are not exposed above the final grade, and no gap or void exists
between the bottom of the noise barrier and the finished ground.

.8 The Contractor shall install the noise barrier to maintain the existing drainage, or
provide new effective drainage patterns, to the satisfaction of The City.

.9 The Contractor shall be responsible for removing any hazards created by the
construction, including:

A Covering all excavated pile shafts, footing trenches, and other objects that
may pose a hazard.

Clearly marking and capping dowels, and any projecting or sharp elements.
Protecting concrete units from damage or adverse impacts.

Cleaning and restoring the site as specified in the Agreement.
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4 MEASUREMENT AND PAYMENT
4.1 Measurement
A The quantity measured for payment of this Section shall be on a unit price basis
per square metre (m?), in accordance with the Agreement
2 The quantity will be measured in m? of face area of wall from finished ground to the
design top of wall profile, measured to the nearest 0.1 m2.
3 Areas extending above the design top of wall profile or below finished ground will
not be measured for payment, and are considered incidental to the Work.
4.2 Payment
A Payment for the Work of this section shall be in accordance with the Agreement

for the applicable noise barrier type specified, and associated works which shall
be fully compensated and are considered incidental to the Work including but not
limited to the following:

A

o r w N

All labour, equipment, and Material necessary to complete the Work,
including survey of the individual piles and other elements

Supply of engineering design
QA/QC
Construction of the walls, posts, post caps, and post foundations

Connection of noise barriers to adjoining fences, including repair to any
fencing that is damaged or disturbed as a result of noise barrier installation

END OF SECTION

The City of Calgary | P.O.Box 2100 Stn. M ‘ Calgary, AB, Canada T2P 2M5 ‘ calgary.ca



City of Calgary Section 03200
Project Name: Page 1 of 10
Procurement No. 2024

CONCRETE REINFORCEMENT

1 GENERAL

1.1 Work Included

A

This section covers the supply, fabrication, storage, handling, and placement of
uncoated, hot-dip galvanized, stainless, and epoxy-coated reinforcing steel, for
cast-in-place (CIP) or precast concrete, including all tie wire, support chairs,
bolsters, bar supports, and spacers and other incidentals required to complete the
Work.

Reinforcing bars shall be supplied and installed in the lengths and shapes
indicated on the Drawings or as stipulated in the reference standards, upon
approval of The City’s Engineer.

Use of epoxy-coated reinforcing is not acceptable unless approved, and requires
approval on a Project-specific basis.

1.2 Related Work Specified in Other Sections

N

o d W N

Cast-in-Place Concrete Section 03300
High-Performance Concrete Section 03301
Precast Concrete Supply, Fabrication, and Installation Section 03302
Drilled Concrete Piles Section 02466

Other Technical Specifications relevant to the Work

1.3 Reference Standards

A

Perform the Work of this section in accordance with the latest edition of the
following standards available at the Effective Date, except where specified
otherwise. Provide one copy onsite of CSA A23.1, CSA A23.2, and CAN/CSA S6
in either in hard copy or digital format.

Alberta Transportation:

A Standard Specifications for Bridge Construction
American Galvanizers Association:

A Quality Assurance Manual

ASTM International (ASTM):

A ASTM A143, Standard Practice for Safeguarding Against Embrittlement of
Hot-Dip Galvanized Structural Steel Products and Procedure for Detecting
Embrittlement

2 ASTM A262, Standard Practices for Detecting Susceptibility to
Intergranular Attack in Austenitic Stainless Steels

3 ASTM A276, Standard Specification for Stainless Steel Bars and Shapes

ASTM A497, Standard Specification for Steel Welded Wire Reinforcement,
Deformed, for Concrete

The City of Calgary | P.O.Box 2100 Stn. M ‘ Calgary, AB, Canada T2P 2M5 ‘ calgary.ca



City of Calgary Section 03200

Project Name: Page 2 of 10

Procurement No. 2024
CONCRETE REINFORCEMENT

5 ASTM A767/A767M, Standard Specification for Zinc-Coated (Galvanized)
Steel Bars for Concrete Reinforcement

.6 ASTM A775/A775M, Standard Specification for Epoxy-Coated Steel
Reinforcing Bars

7 ASTM A780/A780M, Standard Practice for Repair of Damaged and
Uncoated Areas of Hot-Dip Galvanized Coatings

.8 ASTM A955, Standard Specification for Deformed and Plain Stainless
Steel Bars for Concrete Reinforcement

9 ASTM A1064/A1064M, Standard Specification for Carbon-Steel Wire and
Welded Wire Reinforcement, Plain and Deformed, for Concrete

.10  ASTM A1084, Standard Test Method for Detecting Detrimental Phases in
Lean Duplex Austenitic/Ferritic Stainless Steels

A1 ASTM D3963/D3963M, Standard Specification for Fabrication and Jobsite
Handling of Epoxy- Coated Steel Reinforcing Bars

5 CSA Group (CSA):

CAN/CSA S6, Canadian Highway Bridge Design Code

CSA A23.1 Concrete materials and methods of concrete construction/
CSA A23.2, Test methods and standard practices for concrete

CSA A23.3, Design of concrete structures

CSA G30.18M, Billet-Steel Bars for Concrete Reinforcement

CSA G40.20/G40.21, General Requirements for Rolled or Welded
Structural Quality Steel/Structural Quality Steel

o o r W N =

.6 International Organization for Standardization and International Electrotechnical
Commission (ISO/IEC):

A ISO/IEC 17025, General requirements for the competence of testing and
calibration laboratories

7 Reinforcing Steel Institute of Canada (RSIC):
A Reinforcing Steel Manual of Standard Practice

1.4 Definitions

A All defined words or phrases shall have meaning given the City of Calgary
Standard General Conditions and the Agreement, unless noted otherwise.

1.5 Submittals

A Shop Drawings shall be submitted by the Contractor to The City’s Engineer for
review at least 20 Business Days prior to the scheduled start of fabrication. Shop
Drawings shall be submitted sufficiently in advance of the start of the affected Work
to allow time for review by The City’s Engineer and correction by the Contractor
without delaying the Work.
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2 The Contractor shall submit Shop Drawings for review by The City’s Engineer in
accordance with the Agreement. The Shop Drawings shall be legible and of
adequate quality to be reproduced and scanned. Review of Shop Drawings by The
City’s Engineer shall not relieve the Contractor from the responsibility for errors
and omissions. The Contractor remains responsible for the Work per its obligations
under the Agreement.

3 Fabrication and construction shall only be allowed with Materials having mill
certificates properly correlated to the Materials used on the Project and that have
been reviewed and accepted by The City’s Engineer. Mill test reports shall be
submitted for review at least 20 Business Days prior to the scheduled start of
fabrication. Test reports for all Materials shall be written in English.

4 The Contractor shall submit an original Certificate of Compliance from the
galvanizing applicator, confirming that the hot-dip galvanizing process and the
amount and quality of coating meet or exceed the requirements specified in the
Agreement.

5 The Contractor shall submit proof that the applicator of the epoxy coating is
certified by the manufacturer and that the application is certified under the
Concrete Reinforcing Steel Institute (CRSI) Voluntary Certification Program for
Fusion-Bonded Epoxy Coating Applicator Plants.

.6 The Contractor shall have all steel, including couplers, originating outside of
Canada or the United States (U.S.) verified by a certified laboratory in Canada, as
follows:

A This laboratory shall be certified by an organization accredited by the
Standards Council of Canada to comply with the requirements of
ISO/IEC 17025 for the specific tests, or type of tests, required by the
Material standard specified on the mill test report.

2 The Material shall be tested to the specified Material standards, including
a determination of boron content, which is not permitted to exceed
0.0008%.

3 Preparation and collection of samples for testing shall be directed and

witnessed by, or completed by, personnel employed by the testing lab.

e A verification letter, signed and sealed by an Engineer in the field of metallurgy
and bearing the signature of an authorized officer of the testing laboratory, shall
be provided by the laboratory and shall include references to the following:

Appropriate mill test report(s)
Material specification number(s)
Testing standards

Date of testing

o r w N =

Statements indicating Material compliance with the requirements of the
Agreement.
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1.6 Quality Control, Quality Assurance, Inspection and Testing

A Quality Control

A

The Contractor shall be wholly responsible for the quality of Materials and
products provided for incorporation in the Work and for the quality of the
Work.

The Contractor shall provide a Quality Management Plan (QMP) to The
City’s Engineer for review at the beginning the of the Project.

The Contractor shall perform inspections and testing necessary to verify
that the Work conforms to the requirements of the Agreement, and shall
provide copies of such test reports for The City’s Engineer’s review before
proceeding with construction. The standard tests include:

A Mill test reports of reinforcement supplied, indicating physical and
chemical analysis

2 Test results (elongation, strength)
3 Reports from fabrication and galvanizing of reinforcing steel
4 Test results for bar support chairs, bolsters, and spacers

Work shall conform to the standards, as referenced in the Agreement and
in the Technical Specifications. All nonconforming work shall be replaced
and repaired at the Contractor’s expense at the discretion of The City’s
Engineer.

2 Quality Assurance

N

The City will undertake, through an independent CSA-certified testing firm,
random sampling, inspection, and testing to determine compliance with the
Technical Specifications and the Agreement.

The Contractor shall provide access to all portions of the Work, storage, or
loading areas, and manufacturing and fabrication plants, and cooperate
with The City’s representatives.

The Contractor shall allow ample time for notification, inspection, and
corrective action, if required, and obtain The City’s Engineer’s approval
before scheduling concrete placement.

Concrete reinforcement shall be inspected in place. The Contractor shall
notify The City’s Engineer when reinforcing installation is complete and
before forms are closed, a minimum of 24 hours in advance of any concrete
placement.

If, in the opinion of The City’s Engineer, any reinforcing steel provided for
the Work exhibits flaws in manufacturing, galvanizing, or epoxy coating, or
if The City’s Engineer determines field contamination of stainless steel,
such Material shall be immediately removed from the site and replaced with
acceptable reinforcing steel at the Contractor’s expense.

In case of ambiguity about whether the Work conforms to the applicable
standards and the Agreement, The City’s Engineer reserves the right to

The City of Calgary | P.O.Box 2100 Stn. M ‘ Calgary, AB, Canada T2P 2M5 ‘ calgary.ca



City of Calgary Section 03200

Project Name: Page 5 of 10

Procurement No. 2024
CONCRETE REINFORCEMENT

have such Work tested or re-inspected to ascertain conformance. The cost
of such testing shall be borne by The City in the event of conformance and
by the Contractor in the event of nonconformance. Any nonconforming
Work shall be rejected at The City’s Engineer’s discretion, and replaced
and repaired at the Contractor’'s own expense.

2 PRODUCTS

21 Materials
A Reinforcing steel shall conform to CSA G30.18:

A Grade 400W shall be used for plain, galvanized, and epoxy-coated
reinforcement.

2 Metals shall be free from defects impairing strength, durability, and
appearance of the best commercial quality for the purpose specified.

3 All Materials shall be new.
All Materials shall have a total maximum boron content of 0.0008%.

5 All exposed fastenings shall be of the same Material, colour, and finish as
the metal to which applied, unless otherwise noted.

2 Galvanized reinforcing shall also conform to ASTM A767M. Coating shall conform
to Class Il (610 grams per square metre [g/m?]). Supplementary requirement S1
shall apply.

Chromating of galvanized coating may be omitted.

Stainless steel reinforcement shall conform to ASTM A276 and ASTM A955M,
including annexes, with a minimum Grade 420.

5 Stainless steel reinforcement:

A Stainless steel reinforcement shall be one of the designations defined by
the Unified Numbering System (UNS) that is on the approved product list
of Alberta Transportation’s latest edition of Standard Specifications for
Bridge Construction, Section 5 Reinforcing Steel.

2 Proof of compliance with relevant test standards, such as ASTM A262,
Practice E for Austenitic grades; and ASTM A1084, Method C for Duplex
grades, shall be supplied for the appropriate steel type.

3 Only one type of stainless steel shall be used throughout the Project.

.6 Epoxy-coated reinforcing shall conform to ASTM A775/A775M. Coating shall be
Scotchkote 213, fusion-bonded epoxy coating, with a thickness of
300 + 85 micrometres (um), as manufactured by the 3M Company or approved
equivalent.

v Wire mesh, if specified, shall be supplied in flat sheets only and shall conform to
ASTM A1064 and ASTM A497M.
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2.2 Accessory Materials

A

2

3

Tie Wire:

A Shall be a minimum 1.6-millimetre (mm) annealed type or a patented
system approved by The City’s Engineer.

2 Plastic-coated tie wires shall be used for galvanized, stainless steel, or
epoxy-coated reinforcing.

3 Stainless steel tie wires are acceptable to be used for stainless steel and
uncoated reinforcement.

Chairs, Bolsters, Bar Supports, and Spacers:

A Shall be adequately sized for strength and support of reinforcing steel
during construction.

2 Metal chairs shall be galvanized for galvanized reinforcing and shall
conform to CSA G40.20/G40.21.

3 Chairs and spacers for stainless steel reinforcing shall be of stainless steel

material in conformance with ASTM A276.

~

Precast concrete or plastic supports shall be used for all exposed faces.

&)

Where adjacent to exposed concrete surfaces and for epoxy-coated
reinforcement, supports shall be plastic. Masonry bricks, pebbles, metal, or
wood pieces are not acceptable.

Precast Mortar and Concrete Blocks:

A Shall be acceptable for support of the bottom layer of bars in slabs on-
grade
2 Shall have compressive strength higher than the required compressive

strength of the concrete structure designed.

23 Storage and Handling

A

Ship all bars in bundles appropriately tagged and identified with the lot number,
manufacturer, steel type, grade, bar mark, and designation.

Deliver, handle, and store concrete reinforcement to prevent damage,
contamination with dirt or other materials, and distortion.

Use padded bundling bands and multiple supports to prevent bar abrasion or
contamination for galvanized, stainless steel, and epoxy-coated bars.

Cover and protect reinforcing steel at all times during transportation and storage.

Store reinforcing steel of differing material types separately on platforms, skids, or
other suitable means to keep the Material off the ground surface.

Store epoxy-coated bars away from long-term, direct sunlight. Cover as required.

Verify the surface finish is continuous, adherent, as smooth and evenly distributed
as possible, and free from defects detrimental to the stated end-use of the
reinforcement and coated article.
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.8 Verify coating adhesion can withstand normal handling consistent with the nature
and normal use of reinforcing bars.

9 Prevent bar-to-bar abrasion and excessive sagging of bundles by using spreaders
and non-metallic slings.

3 EXECUTION

3.1 Fabrication

A Fabricate reinforcing steel in accordance with latest edition of CSA S6, CSA A23.1,
and the Drawings.

2 The galvanized coating applicator shall follow the procedures contained in the
Quality Assurance Manual of the American Galvanizers Association. Safeguard
against hydrogen embrittlement in conformance with ASTM A143.

3 The applicator for epoxy-coating of reinforcing steel shall be certified under the
CRSI Voluntary Certification Program for Fusion-Bonded Epoxy Coating
Applicator Plants.

4 Locate reinforcing splices not indicated on the Drawings at points of minimum
stress. Obtain The City’s Engineer's written approval for lap splice locations.
Unless otherwise noted, provide tension lap splices, Class B, in accordance with

CSA S6.

5 All bars shall be cold bent at a fabricator’s shop. Minimum fabrication temperature
to conform to CSA A23.1. Heating of bars to facilitate bending will not be permitted.

.6 Cut bars by shearing or with fluid-cooled saws. Torch cutting of bars shall not be
permitted.

Ve Fabricate stainless steel reinforcing bars so that their surfaces do not get

contaminated with non-stainless steel ferrous deposits, dirt, or oil, and are not
damaged by straightening or bending.

.8 Pins around which galvanized and epoxy-coated reinforcing bars are bent shall
have a minimum diameter as follows:

A For 10M to 30M inclusive, 8 bar diameters
2 For 35M or greater, 10 bar diameters

9 Fabricate to the Drawings and to site-confirmed dimensions within the tolerances
specified in the RSIC Reinforcing Steel Manual of Standard Practice unless
otherwise specified.

10 Reinforcing steel that is to be hot-dip galvanized shall be galvanized after
fabrication.

A1 Welding of reinforcing steel is not permitted without written approval of The City’s
Engineer.

The City of Calgary | P.O.Box 2100 Stn. M ‘ Calgary, AB, Canada T2P 2M5 ‘ calgary.ca



City of Calgary Section 03200
Project Name: Page 8 of 10
Procurement No. 2024

CONCRETE REINFORCEMENT

A2

A3

14

15

16

Repair of Galvanized Coatings:

A Repair all surfaces of sheared ends of bars, as well as cracking and other
visible damage or deterioration of the hot-dip galvanizing as a result of
handling or installation operations, or any other causes, with ZINGA or an
approved equal formulation, in accordance with ASTM A780M.

2 All field-applied galvanized coatings shall be applied in accordance with the
manufacturer's recommendations and as directed by The City’s Engineer.

3 Repairs to the reinforcing bars shall be done prior to placing the bars in
forms.

Coat all epoxy-coated reinforcing bars in the fabrication process with a primer or
conversion coating to improve adhesion to epoxy.

Inspect epoxy coating visually for continuity after cure; and verify coating is free
from holes, voids, contaminants, cracks, and damaged areas.

Coat all sheared ends, mechanical splices, welded splices, and damaged areas of
epoxy coated bars as a result of handling or installation operations, or any other
causes, with an approved repair material. Do not carry out repairs when the
surroundings are less than 5 degrees Celsius (°C) or when moisture is present on
the bar.

Allow for additional quantity of regular, stainless steel, galvanized, and
epoxy-coated reinforcing as determined in the Agreement.

3.2 Installation

A

Place reinforcing steel in accordance with CSA A23.1. Conform to ASTM
A767/A767M - Standard Specification for Zinc-Coated (Galvanized) Steel Bars for
Concrete Reinforcement Appendix X1 for installation and inspection of galvanized
reinforcing.

Verify that reinforcing steel is free from loose rust, scale, dirt, oil, paint, or other
deleterious material.

Adequately support reinforcing and secure against displacement within the
tolerances permitted.

Tie bars at all intersections except when the bar spacing is less than 250 mm in
each direction; alternate intersections may be tied at these locations.

Splicing of bars, unless shown on plans, shall not be allowed, unless approved by
The City’s Engineer in writing. For lapped splices, place the bars in contact and
wire them together in such a manner as to maintain a clearance of not less than
the required minimum clear distance to other bars, and the required distance to
the concrete surface.

Separate contact points between galvanized reinforcing steel to stainless steel or
black reinforcing steel by a nonconductive material, such as rubberized pads,
rubber hose rings, or polyethylene tape.

Maintain distances from forms by means of spacers, chairs, or stays. Metal chairs
shall not be used to support reinforcement on surfaces that are to be exposed or
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10

1

A2

A3

are to be finished; where possible, this reinforcement shall be supported entirely
from above. Obtain approval of The City’s Engineer for use of spacers at exposed
concrete surfaces.

Preferably, spacers for separating layers of reinforcing shall be precast concrete
blocks.

Cut back any metal chairs protruding through the surface of hardened concrete,
where approved, at least 25 mm and the holes filled in accordance with Section
03300, Cast-in-Place Concrete or Section 03301, High-Performance Concrete, as
applicable, included in the Agreement.

Provide concrete cover to steel reinforcement of thickness indicated on the
Drawings.

Do not damage epoxy reinforcing steel by dropping, dragging, skidding, or
supporting on abrasive materials. The Contractor shall inspect epoxy-coated
reinforcement before and after placing.

Obtain written approval from The City’s Engineer prior to cutting of reinforcing to
accommodate openings or embedded items. Allow for additional splice material
that may be required to reinforce these cut bars as directed by The City’s Engineer.

Use plastic-sleeved concrete vibrators while placing concrete around
epoxy-coated reinforcing.

3.3 Cleaning and Repair

A

Verify all loose scale, loose rust, and other deleterious matter from surfaces of
reinforcing is removed in a manner acceptable to The City’s Engineer.

Clean, repair, or replace stainless steel reinforcing bars with any of the following
defects at the Contractor’s expense:

A Any single area of iron contamination greater than 100 mm

2 More than 10 discrete points of iron contamination on bar deformations
within any 1000 mm of bar length

More than 20 discrete points of iron contamination on bar deformations

More than 5 discrete points of iron contamination that are not located on
bar deformations

A discrete point is defined as an area of contamination less than or equal to
5 square millimetres (mm?). If any area of contamination is larger than 5 mm?, the
area shall be divided by 5 to determine the number of discrete points.

4 MEASUREMENT AND PAYMENT

4.1 Measurement

A

The quantity of reinforcing steel measured for payment shall be the mass of
reinforcing steel acceptably supplied and placed, measured to the nearest
kilogram (kg).
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2 The quantity to be paid for shall be based on the total computed mass for the size
and length of bars as shown on the Drawings or reviewed and accepted by The
City’s Engineer.

3 The mass for all reinforcing steel shall be calculated per Table A.
Table A — Reinforcing Steel Mass
Metric Bar 10M | 15M [20M | 25M | 30M | 35M | 45M | 55M
Designation
Mass (kg/m) 0.785 | 1.570 | 2355 | 3925 |5495 |7.850 | 11.775 | 19.625
Notes:

kg/m = kilogram(s) per metre

4.2 Payment

A Payment for the Work of this section shall be on a unit price bid for the type of
reinforcing steel specified, and shall be full compensation for the following:
A Supply and fabrication of reinforcing steel
2 Delivery to the Project site
3 Placement of reinforcing steel as shown on the Drawings
4 All labour, equipment, tools, and incidentals necessary to complete the

Work.

2 All costs associated with the handling, storage, and protection of reinforcing steel
shall be considered incidental to the Work; and no separate or additional payment
shall be made.

.3 All costs associated with the supply and installation of tie wire, chairs, or other
Materials used for supporting, placing, and fastening the reinforcing steel in place
shall be considered incidental to the Work; and no separate or additional payment
shall be made.

END OF SECTION
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1 GENERAL

1.1 Work Included

A

This section outlines cast-in-place (CIP) concrete work, including:

A Concrete work, such as piles, grade beams, foundation walls, and piers,
abutments

Concrete superstructure, such as decks, elevated slabs, and diaphragms
Retaining walls and coping

Concrete tunnels

Track slabs

Overhead sign structural bases

Sidewalks

© N o o~ w N

Stormwater structures

Companion Section 03301 outlines high-performance concrete (HPC)
requirements and supersedes this section wherever noted. Where not specifically
stated in Section 03301, the provisions of this section are applicable also to HPC.

Install Materials specified to be supplied under other sections of these Technical
Specifications and in the Agreement, including fabricated components, anchor
bolts, bearing plates, sleeves, and other inserts to be built into concrete.

1.2 Related Work Specified in Other Sections

© o N o o~ w N

Drilled Concrete Piles Section 02466
Concrete Formwork and Falsework (if provided) Section 03100
Concrete Reinforcement Section 03200
High Performance Concrete Section 03301
Precast Concrete Supply, Fabrication and Installation Section 03302
Mechanically Stabilized Earth Retaining Walls Section 03483
Grout (if provided) Section 04000
Metal Fabrications Section 05500

Other sections specific to the Project

1.3 Reference Standards

A

Perform the Work of this section in accordance with the latest edition of the
following standards available at the Effective Date, except where specified
otherwise. Provide one copy onsite of CSA A23.1, CSA A23.2, and CAN/CSA S6
in either in hard copy or digital format.
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2 Alberta Transportation (AT):
A AT, Approved Concrete Patching Materials for Bridges
2 AT, Approved Product List for Bridge Concrete Sealers
3 American Concrete Institute (ACI):
A ACI, Manual of Concrete Practice, where noted
4 ASTM International (ASTM):

A ASTM C260, Standard Specification for Air-Entraining Admixtures for
Concrete

2 ASTM C309, Standard Specification for Liquid Membrane-Forming
Compounds for Curing Concrete

ASTM C494, Standard Specification for Chemical Admixtures for Concrete

ASTM C881, Standard Specification for Epoxy-Resin-Base Bonding
Systems for Concrete

5 ASTM C-1202, Standard Test Method for Electrical Indication of Concrete’s
Ability to Resist Chloride lon Penetration

5 Concrete Alberta:
A Certification of Concrete Production Facilities Audit Checklist.
.6 CSA Group (CSA):
CAN/CSA S6, Canadian Highway Bridge Design Code
CSA A23.1, Concrete materials and methods of concrete construction
CSA A23.2, Test methods and standard practices for concrete
CSA A283, Qualification code for concrete testing laboratories
CSA-A3000, Cementitious materials compendium

CSA-A3001, Cementitious materials used in concrete

N o o Rrx w N

CSA A3004-C8, Physical test methods for cementitious materials for use
in concrete and masonry

8 CSA G30.18, Carbon steel bars for concrete reinforcement
9 CSA S269.1, Falsework and formwork

Note: When the Materials properties or performance listed in these Technical
Specifications are more stringent than the minimum limits of CSA A23.1, the
requirements of these Technical Specifications govern.

1.4 Definitions

A All defined words or phrases shall have meaning given the City of Calgary
Standard General Conditions and the Agreement, unless noted otherwise.

2 Mass Pour means any pour where the minimum dimension is 1.0 metre (m) or
greater.
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3 Satisfactory Control means concrete from three consecutive loads is within the
specified requirements as stated in Table A without field adjustments.

1.5 Supply Provisions

A All ingredients shall be selected based on the performance parameters included in
the Technical Specifications.

2 The Contractor shall design all specified concrete mixes and implement a program
of testing as specified herein to demonstrate the concrete material meets
specifications.

1.6 Submittals

A Submit the proposed mix designs, including quantities, for all concrete mix types
to The City’s Engineer for review 20 Business Days prior to their initial use.

A The City will not accept submissions with incomplete information. Include
in the mix design submission all requirements of the Technical
Specifications, including mix components, quantities, and identification of
sources of supply and admixtures.

Submit copies of mill certificate test reports of cement, fly ash, and silica fume.

Submit coarse and fine concrete aggregate test results for compliance with the
requirements of CSA A23.1.

4 Submit alkali aggregate reaction test results for the aggregate used in the concrete
mixes. Test results older than 1 year shall be verified by retesting.

Submit technical data sheets for all proposed pre-mixed grout.
Submit data on all concrete accessories specified or proposed.

Submit data on all concrete admixtures, including the compatibility of the following:

A Water-reducing admixture
2 Superplasticizer
3 Air entraining agent
4 Cement
.5 Fly ash
.6 Silica fume, where used.
.8 Concrete suppliers shall submit certification of concrete production facilities in

accordance with the Concrete Alberta Certification of Concrete Production
Facilities Audit Checklist.

9 Submit a pour procedure to The City’s Engineer for review a minimum of
5 Business Days before the concrete is to be poured, including hot and cold
weather concreting methods, in accordance with CSA A23.1.

10 Not less than 10 Business Days prior to starting the Work, submit to The City’s
Engineer for review a concrete placement plan describing the method and
equipment proposed for the handling, placing, finishing, curing, and protection of
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the concrete. In addition, the concrete placement plan shall include a description
of the following:

A The Construction Equipment for transporting, distributing, and vibrating the
concrete, and complete details for the support of such equipment.

2 A list of key personnel who will be working on placing and finishing of the
concrete, with a brief resumé of their experience.

3 The standby plant(s) and equipment available in case of breakdown. A
standby plant must be identified and approved by The City’s Engineer prior
to starting the Work.

A1 Review of the concrete placement plan by The City’s Engineer will not relieve the
Contractor of the responsibility for satisfying performance of the final product.

1.7 Quality Control, Quality Assurance, and Inspection and Testing
A Quality Control

A Submit a Quality Management Plan (QMP) to The City’s Engineer for
review and acceptance before any concrete work commences.

2 Maintain responsibility of coordination of forming, placing reinforcing steel,
placing other required Materials and accessories, and placing concrete.

3 A full-time qualified superintendent representing the Contractor shall be in
attendance to inspect and check all phases of the Work.

4 Maintain responsibility for the quality of Materials and products provided for
incorporation into the Work and for the quality of the Work. The burden of
proof is on the Contractor for the quality of the Work.

5 The absence of quality control (QC) documentation may result in work
being deemed incomplete or Deficient and may result in corrective work,
costs of which shall be borne by the Contractor.

.6 Maintain responsibility for the concrete mix designs, quality, and
documentation in accordance with the Technical Specifications. The review
of the mix design does not constitute acceptance of the final product.

2 Quality Assurance

A The City may undertake, through an independent Canadian Council of
Independent Laboratories (CCIL) certified testing firm , random sampling,
inspection, and testing to determine compliance with the Technical
Specifications and the Agreement. This shall in no way relieve the
Contractor of their requirement to carry out QC.

2 Mix Designs:

A Submit mix design(s) to The City’s independent testing firm for
review.

2 The testing firm shall review the mix designs and confirm whether
they are suitable for the intended purpose and are expected to
perform to the specified standards.
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3 This review shall in no way relieve the Contractor of the requirement

to verify product performance.
Batch Plant Audit:

A The City’s independent testing firm may perform a quality
assurance (QA) audit at the batching plant during the concrete
pours.

2 Provide access to all portions of the Work, including manufacturing
and fabrication plants, and cooperate with The City’s
representatives.

3 The Contractor may be asked to provide casual labour to the testing
firm’s field personnel to obtain and handle sample Materials.

Allow ample time for notification, inspection, and corrective work, if
required, before scheduling concrete placement.

Notify The City, The City’s Engineer, and The City’s independent testing
firm a minimum 24 hours in advance of concrete placement.

Provide a suitable testing station in a location suitable to the City’s
independent testing firm and convenient to the point of sampling. The
testing station may be required to be moved from time to time during
placement.

Make space available for storage and curing of test samples, as follows:

A Provide properly designed, temperature-controlled storage boxes
for test cylinders, as specified in CSA A23.2 3C, for a period of at
least 24 hours, and further protection from adverse weather and
mishandling until removed from the Project Site.

2 Provide a maximum and minimum thermometer for each storage
box.

3 Storage facilities shall be provided, installed, checked, and
approved by The City’s Engineer before any concrete may be
placed.

In case of ambiguity whether the Work conforms to the applicable standard,
The City’s Engineer reserves the right to have such Work tested or re-
inspected to ascertain conformance. The cost of such testing will be borne
by The City in the event of conformance and by the Contractor in the event
of nonconformance with the Agreement.

Upon request, provide concrete batch records for the concrete used in the
Work.

3 Inspection and Testing

N

Perform inspections and testing necessary to verify that the Work conforms
to the requirements of the Agreement.
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2

Conduct QC testing onsite, including air content, slump, and compressive
strength, in accordance with the Contractors QMP and meeting the
requirements of CSA A23.1, as follows:

A Testing shall be performed by an independent Canadian Council of
Independent Laboratories (CCIL) certified testing firm.

2 All concrete samples shall be taken from the point of discharge to
the forms. If a concrete pump is used, test samples shall be taken
from the discharge end.

3 All test results shall be made available to The City’s Engineer, upon
request.
4 All costs of this testing shall be borne by the Contractor.

Provide copies of inspection and test reports to the Subcontractor
performing the work.

The Contractor's QMP shall include the frequency of tests for slump, air
content, temperature, and compressive strength for each structural
element. At a minimum, the following is required, unless otherwise
specified:

A Conduct tests for slump, air content, and temperatures on a
minimum of the first three concrete loads until Satisfactory Control
is established.

2 After Satisfactory Control has been established, conduct testing per
the Contractor's QMP.

.3 If testing indicates that a load does not meet the requirements,
resume testing on each load until Satisfactory Control is re-
established.

4 Additionally, conduct air, slump, and temperature tests whenever

compressive test cylinders are cast.

Produce and test enough early strength cylinders to support the
Contractor's QC program and to validate concrete strengths for stripping
formwork and applying loads. Costs for all QC tests shall be borne by the
Contractor.

For Mass Pours, verify that both the gradient temperature within the
concrete and the maximum temperature in the concrete meet the
requirements of CSA A23.1, Section 7.6.3, Mass concrete, and Table
table20.

Conduct QC testing of temperature for Mass Pours as follows:

A Provide a plan showing the location of thermocouples to The City’s
Engineer for review.

Install thermocouples to monitor temperatures during Mass Pours.
Take temperature readings, at a minimum:

A Every 4 hours for the first 12 hours
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2 Every 12 hours for the following 72 hours
4 Provide temperature data to The City’s Engineer and The City for

review.

.5 Outline corrective action for concrete not within temperature
requirements in the Contractor's QMP.

.8 Concrete test results shall include the following information:

A Name of the Project

2 Date of sampling

.3 Mix design designation number, specified strength, and slump and
air content

4 Name of supplier, and truck and ticket number

5 Time batched, and time placed

.6 Identification of sampling and testing technician

7 Cement and admixture types used

.8 Exact location in the structure of the concrete sampled

9 Ambient air and concrete temperatures
10 Nominal aggregate size
A1 Water added, and personnel authorizing additional water
9 Submit responses to all site review reports confirming that all reported
Deficiencies were corrected or stating what action was taken.
1.8 Acceptability

A Failure to comply with the requirements of the Technical Specifications will result
in the structure being considered potentially Deficient.

2 To conform to the concrete strength requirements of the Technical Specifications,
the results of tests performed on laboratory-cured cylinders for each class of
concrete shall meet the following:

A The average of all tests shall exceed the specified strength.

2 The average of any three consecutive tests shall be equal to, or greater
than, the specified strength.

3 No individual strength test shall be more than 3.5 megapascals (MPa) less
than the specified strength.

3 If any of the foregoing criteria are not met, The City’s Engineer shall have the right
to require one or more of the following, the costs of which shall be borne by the
Contractor:

A Changes in the mix proportions for the remainder of the Work (changes

shall be reviewed and approved by The City’s Engineer).

2 Testing of in situ concrete.
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3 Removal and replacement of all nonconforming concrete.

The Contractor shall not proceed with placing concrete for subsequent structural
elements until demonstrating through testing of trial mixes that the revised mix
design will produce the specified physical properties.

A4 Additional courses of action that The City’s Engineer may choose to verify quality
of the product include:

A Ordering an independent testing firm to obtain cores, x-rays, or similar non-
destructive tests where evidence points to a potentially Deficient structure.

2 Ordering a load test, analysis, or both, as defined by CSA A23.3, if the non-
destructive tests are impractical or inconclusive.

5 If, after the completion of the testing procedure, The City’s Engineer is not satisfied
with the indicated quality of the concrete in the structure, the Contractor may be
required to strengthen or replace those portions that The City’s Engineer deems
to be unsatisfactory. Alternatively, the penalties described in the Technical
Specifications may be assessed at the discretion of The City’s Engineer.

2 PRODUCTS

2.1 General

A Materials shall be obtained from the same source of supply or manufacturer for the
duration of the Project.

All exposed concrete shall be consistent in colour.

Concrete shall come from concrete production facilities that have Construction
Equipment in good operating condition and with proper capability to produce
quality concrete.

2.2 Cementing Materials

A Portland cement concrete shall be Type GU, general use cement conforming to
CSA A3001.
2 High-sulphate-resistant hydraulic cement shall be Type HS cement conforming to

CSA A3001. Alternatively:
A Type HSb, blended high-sulphate-resistant hydraulic cement, can be used.

2 Cementing material combinations with equivalent performance may be
used upon approval by the City’s Engineer.

3 The supplier shall provide data demonstrating that Type GU cement and
fly ash blend is effective in reducing concrete expansion due to sulphate
attack in accordance with CSA 23.1, Clauses 4.2.1.2, 4.2.1.3, and 4.2.1.4.
The maximum expansion due to sulphate attack should not be greater than
0.05% at 6 months when tested in accordance with the CSA A3004-C8 test
method.

3 The maximum alkali content of cement, expressed as sodium oxide equivalent,
shall be 0.6% by mass

The City of Calgary | P.O.Box 2100 Stn. M ‘ Calgary, AB, Canada T2P 2M5 ‘ calgary.ca



City of Calgary Section 03300

Project Name: Page 9 of 23

Procurement No. 2024
CAST-IN-PLACE CONCRETE

2.3 Supplementary Cementing Materials
A Silica fume shall be Type SF pozzolan conforming to CSA A3001.

2 Fly ash shall be a Type F pozzolan conforming to CSA A3001, with the following
additional requirements:

A Maximum Calcium Oxide (CaO) content shall be 12%

24 Aggregates

A All aggregate tests shall be conducted by an approved, independent, third-party
laboratory certified in accordance with CSA A283 to Category Il.

2 Following completion of all tests, the laboratory shall declare that the aggregate is
fully acceptable for the intended use and that it will provide good long-term
performance.

3 All test results and evaluations shall bear the seal of an Engineer retained by the

third-party laboratory.

4 The analyses of the aggregates shall be current. Sampling and testing shall be
done not more than 1 year prior to concrete production unless otherwise approved
by The City’s Engineer. Additional analyses of more recent sampling shall be
provided periodically if so directed.

.5 All costs associated with the specified aggregate tests shall be borne by the
Contractor.
.6 The Contractor shall submit the current results of the aggregate tests for each

source of aggregate to be used. The aggregate shall meet the requirements of
CSA A23.1, Table 12 — Limits for deleterious substances and physical properties
of aggregates.

7 Testing for organic impurities per CSA A23.2-7A shall not produce results darker
than standard Organic Plate Number (No.) 3 colour. Aggregates producing a
colour darker than the standard colour will be rejected; provisions 4.2.3.3.2(a) and
(b) of CSA A23.1 shall not apply.

.8 Fine aggregates shall be graded to limits specified in Table 10 of CSA A23.1 and
shall conform to the requirements for the specified exposure class.

9 If the fine aggregate consists of a blend from more than one source, the fine
aggregate sieve analysis shall show the gradation of the blended fine aggregates.
Similarly, in the case of blended coarse aggregates, the coarse aggregate sieve
analysis shall indicate the gradation of the blended coarse aggregates.

10 For all concrete mix types, the coarse aggregate shall conform to the requirements
identified in CSA A23.1 for the specified exposure class. The aggregate shall meet
the Group | gradation requirements listed in Table 11 of CSA A23.1.

1 Petrographic analysis of coarse aggregate conducted in accordance with
CSA A23.2-15A shall provide a maximum Petrographic Number of 125.

A2 Alkali-Aggregate Reactivity:
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A Aggregates are not to react with alkaline in the cement to an extent that
results in excessive expansion or cracking of concrete.

2 Evaluation of the potential for alkali-aggregate reactivity and the selection
of the preventative measures shall be performed in accordance with CSA
A23.2-27A.

3 In the absence of test results, the aggregate shall be considered highly
reactive.

A3 The source of the aggregate and the method of manufacture or production,
including the type of equipment used, shall not be altered for the duration of the
Project following the acceptance of the aggregate.

14 Nominal size of coarse aggregate shall be as specified in Table A.

2.5 Water

A Water for use in concrete production, surface cleaning, saturation, and curing shall
be clean and free from injurious amounts of oil, acid, alkali, soluble chlorides,
organic matter, sediment, or any other deleterious substances per CSA A23.1.

2.6 Admixtures

A All admixtures shall be of uniform consistency and quality within each container
and within the delivery batches.

Air-entraining admixtures shall conform to the requirements of ASTM C260.

Water-reducing admixtures shall conform to the requirements of ASTM C494,
Type A. Type D retarding water reducer shall be used only when approved by The
City’s Engineer in writing.

4 Superplasticizers (high-range water reducers) shall conform to the requirements
of ASTM C494, Type F.

Set accelerating admixtures shall not be permitted.

Set retarding admixtures and hydration stabilizing admixtures shall not be
permitted, unless approved by The City’s Engineer in writing.

v Calcium chloride or admixtures containing chloride ions shall not be used in
concrete.
.8 No chemical admixtures or additives other than those specified herein shall be

added to the concrete mix or applied to the surface of concrete without approval
by The City’s Engineer in writing.

2.7 Concrete Accessories

A If approved by The City’s Engineer prior to commencement of the Work, concrete
accessories (as listed herein) may be used.

2 All concrete accessories shall be compatible with any sealers or waterproofing
used.

3 All concrete accessories left in place shall have approved corrosion protection.
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4 Liquid membrane-forming curing compound shall conform to ASTM C309. Moist
cure elements whenever possible to maximize durability of concrete.

5 Membrane curing compound shall be Sealtight 1220, white, pigmented curing
compound by Meadows or approved equivalent.

.6 Monomolecular film (evaporation reducer) shall be Confilm by Master Builders
Technologies, or approved equivalent. Application shall be in accordance with the
manufacturer’'s recommendations.

7 Silane sealer shall be a Type 1c penetrating sealer currently listed on the AT
Approved Product List for Bridge Concrete Sealers.

.8 Pigmented sealer shall be a Type 3 pigmented sealer currently listed on the AT
Approved Product List for Bridge Concrete Sealers. Colour shall be determined by
The City’s Engineer.

.9 Concrete plugs to fit cone holes formed by compatible form ties shall match the
colour and texture of the surrounding concrete. Product information shall be
submitted to The City’s Engineer for review before use on the Project.

.10 Ducts shall be DB-2 ducts as supplied by IPEX or approved equal, complete with
all required accessories, fittings, sleeves, couplers, and expansion units as
required or specified.

A1 Joint sealant shall be Sikaflex 1a or approved equivalent.

12 Cushioning foam shall be Evazote EV30 by Zotefoams Inc. or other pre-approved
ethyl vinyl acetate (EVA) foam with compressive strength of 35 kilopascals (kPa)
at 25% set.

2.8 Crack Repair
A For horizontal cracks:
A Low-viscosity (100 centipoises [cps] or less) epoxy sealer
2 Epoxy sealer shall be Sikadur 55 SLV or Dural, 333, or approved equal.

3 Modified Methacrylate (MMA) or High Molecular Weight-Methacrylate
(HMWMA) upon approval by The City’s Engineer.

2 For nonhorizontal cracks:

A Epoxy sealer for pressure injection shall have a viscosity less than 500 cps
and meet ASTM C881 Type IV, Grade 1, Class B or C.

2 Epoxy sealer system shall be Sikadur 35 Hi-Mod LV in combination with
Sikadur 31 Hi-Mod Gel Crack Filler or Sikadur Capseal or an approved
equal system.

2.9 Concrete Patching Material

A Horizontal concrete patching material shall be a Type NH “Normal Horizontal”
material currently listed on the AT Approved Concrete Patching Materials for
Bridges list.
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2 Nonhorizontal concrete patching material shall be a Type OH-V “Overhead or
Vertical” material currently listed on the AT Approved Concrete Patching Materials
for Bridges list.

2.10 Concrete Mixes — Design and Trial Batch Testing

A The Contractor, through approved suppliers, shall undertake the concrete mix
designs and pay for all costs associated with the development, testing, and
submissions of the mix designs and results of performance testing.

2 Trial batches are required for all new mix designs. The results from the trial batch
testing are valid for up to 2 years.

3 All testing of the concrete shall be the responsibility of the Contractor and shall be
performed by an independent Canadian Council of Independent Laboratories
(CCIL) certified testing firm.

4 The Contractor shall submit mix designs and results of performance testing to The
City’s Engineer for review. Mix design documentation shall include all components
of the mix and quantities of the Materials used. All testing, review, and consent to
the selection of the concrete mix designs must be in place at least 20 Business
Days prior to concrete placement.

5 Failure to demonstrate the specified concrete performance will result in delays for
which no claims can be made against The City.

.6 The design and QC testing of concrete mixes shall include assessment of
compatibility of the Contractor's proposed Materials, including cement and
admixtures, adequate workability of the mixes, as well as the slump and air
retention properties of the proposed mixtures. Test results older than 2 years shall
be verified by retesting.

4 In lieu of trial batch testing, the Contractor may submit a mix design from previous
works, complete with laboratory and QA/QC field test results, for review and
approval by The City’s Engineer. All performance criteria of the Technical
Specifications shall apply. Test results older than 2 years shall be verified by
retesting

.8 Required air content retention shall be a minimum of 70% of initially measured air
content after 1 hour of mixing.

9 One adjustment of air onsite may be allowed, provided that the adjustment is done
under the supervision of qualified personnel.

.10 Concrete mixes that will be placed by pump shall be designed for pumping.
A1 Slump retention shall be 75% after 45 minutes.

A2 Slump measured immediately prior to placing or pumping of concrete shall conform
to values specified in Table A and as follows:

A Only one redose of superplasticizer will be allowed after batching.

A3 The Contractor shall prevent segregation of concrete. No segregated concrete
shall be placed in the Work.

14 Additional water shall not be added to the batch after initial mixing.
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15 In no case will batch adjustment relieve the Contractor of the responsibility for the
concrete’s durability, strength, or acceptability. The City’s Engineer reserves the
right to reject any batch in the case of confirmed unacceptability and to require
immediate removal of any concrete from this batch from the Work.

.16 Chloride ion penetrability shall be assessed using ASTM-C1202, which shall be
done on samples cast from the trial batches of concrete at the age of 28 Days and
56 Days. Acceptable levels of chloride ion penetrability for concrete for mix Type
B, and C shall be less than 1500 coulombs at fifty-six (56) days.

A7 The City’s Engineer reserves the right to request additional testing to measure the
tendency for cracking for concrete mixes with high cementitious content (greater
than 400 kilograms [kg]) or low water to cementitious ratio (less than 0.35 kg).

.18 CIP concrete mix properties shall be as shown in Table A.
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Table A — Mix Properties

Typical Structural
Element Application®

Mix
Type

Minimum
Strength
(MPa)

Cement
Type

Maximum
w/cm¢

Maximum
Fly Ash
(%)

Maximum
Coarse
Aggregate
Size

Minimum
Slump
(mm)

Maximum
Slump

(mm)”

Air
Content
(%)

Bridge: Deck, Curbs,
Median, Approach Slab
Substructures®

HPC1

Retaining Walls® and
Coping®, Walls Above
Grade®

Sidewalks®, Expansion
Joints, Overlays, Precast
LRT Platforms, and MSE
Wall

HPC2

Precast Girders

HPC3

Precast Deck Panels

HPC4

Refer to Section 03301

Concrete Elements Not in
Splash Zone, including
Retaining Walls and
Coping, Substructures,
Track Slab, Walls Above
Grade

B-1

35

GU

0.4

25

20

60

100

5-8

Barriers, Concrete Deck
with Stainless Steel
Reinforcement

B-2

35

GU

0.35t00.38

20

20

180

5-8

Abutment Footings, Walls
Below Grade, Piles and
Pile Caps

35

HS or
HSb

0.4

30

20

60

100

5-8

Slope Protection®

35

GU

0.4

25

20

50

80

5-8

Other Concrete

25

GU

0.5

30

20

50

80

4.7

Notes:

a. For specific application, refer to Project Drawings and Technical Specifications

b. Slump maximum after addition of superplasticizer

c. In Splash Zone

d. Maximum water to cementing material ratio

- = not applicable

% = percent

LRT = light rail transit
mm = millimetre(s)

MSE = mechanically stabilized earth
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211 Storage and Handling of Materials

A Cement and fly ash shall be stored in a suitable weather-tight building that will
protect these Materials from dampness. Cement and fly ash shall be free from
lumps at all times during use in the Work. Cement and fly ash stored for a length
of time resulting in the hardening or formation of lumps cannot be used in the Work.

2 All aggregates shall be handled to prevent segregation and to obtain uniformity of
Materials, as follows:

A The separated aggregates and the aggregates secured from different
sources shall be piled in separate stockpiles.

2 The site of the stockpiles shall be cleaned of all foreign materials and shall
be reasonably level and firm.

3 If the aggregates are placed directly on the ground, Material shall not be
removed from the stockpile within 150 mm of the ground level. This Material
is to remain undisturbed to avoid contaminating the aggregate with the
ground material.

212 Ready-Mix Concrete

A If through material testing it is demonstrated that the concrete provider is not able
to achieve consistent quality of the concrete, The City’s Engineer may order the
Contractor not to use that supplier’s concrete in the Work.

2 The Contractor shall arrange for an acceptable concrete supply without additional
compensation or extension of time.
3 EXECUTION

3.1 General

A Perform CIP concrete work, including fabrication, placement, finishing, and curing
in accordance with requirements of CSA A23.1, and the accepted concrete
placement plan, unless indicated otherwise in the Technical Specifications.

Produce all concrete for a particular structure in the same batching plant.

All aggregates for concrete produced for a structure shall be supplied from the
same source.

4 Selection of the equipment shall be based on site-specific requirements and
constraints.
3.2 Placing Concrete

A Notify The City’s Engineer and The City’s independent testing firm a minimum of
24 hours prior to commencement of any concrete placement. Allow time for
corrective work for areas of unusual formwork and congested reinforcement.

2 Notify The City’s Geotechnical Engineer to inspect and verify soil conditions and
bearing pressures of all foundations prior to placing concrete for mud slabs or
foundations.
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.10

1

A2

A3
14
15
.16

A7

18

19

.20

Do not place concrete against frozen ground, frozen concrete, or frosted forms.
Place concrete in accordance with CSA A23.1 and as specified herein.

Place all hardware and other items to be cast into concrete securely and in a
manner to prevent undue hardship in placing concrete.

Do not disturb reinforcement, inserts, embedded parts, formed expansions and
contraction joints, and other critical items during concrete placement.

Revise, reseat, and correct improperly positioned reinforcing hardware and other
embedded items immediately before concrete placement.

Verify and record the temperature of the concrete during placement:

A The concrete temperature during discharge shall be between 10 and
25 degrees Celsius (°C).

Verify and record the temperature of the concrete throughout curing at two different
locations (at centre of concrete mass and at surface) using thermocouples, as
follows:

A The maximum temperatures during hydration shall not exceed 70°C.

2 The total temperature gradients shall not exceed that specified by
CSA A23.1 Table 20.

3 The temperature rise, or drop, shall not exceed maximum heating or

cooling rate of 2°C per hour.

4 For larger pours, more thermocouples may be required. Submit a diagram
shall showing all locations to be monitored.

Employ corrective measures upon identification of noncompliance to the concrete
temperature requirements per the approved QMP.

Comply with hot and cold weather concrete fabrication, placement, and curing
requirements per CSA A23.1, except as noted in the Technical Specifications.

Immediately prior to placing concrete, thoroughly wet the forms and any previously
placed concrete down with clean potable water.

Maintain specified concrete cover around reinforcing.
Do not place concrete older than 90 minutes from batch time.
Do not add water onsite.

Where concrete is placed on an inclined surface, begin the placing operation at
the lower end of the slope and progress upward unless otherwise permitted by The
City’s Engineer.

Place concrete in accordance with the lines and levels indicated on the Drawings.

Place concrete in approximate horizontal layers such that each lift can be vibrated
into the previous lift.

Place concrete directly into its final position in forms. Do not spread concrete with
vibrators.

Mechanical Vibrators:
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.21
22
.23

24

3.3 Curing

Compact concrete thoroughly using mechanical vibrators.

2 Work concrete around reinforcement, embedded items, and into all areas
and corners of forms.

3 Use rubber or plastic-tipped mechanical vibrators for concrete placements
containing epoxy-coated reinforcement.

Place concrete as a continuous operation, stopping only at construction joints.
Allow a minimum of 3 Days between adjacent concrete placements.

Maintain accurate records of concrete placement. Record date, location of
placement, quantity, air temperature, and test samples taken.

Do not to proceed with backfill against newly placed concrete until the concrete
achieves a minimum compressive strength equal to or greater than 75% of
specified 28-Day compressive strength.

All concrete shall receive moist curing or use an approved curing method to
prevent moisture losses.

Exposure class shall be as specified. Curing period and regime shall be as defined
in CSA A23.1 Tables 2 and 19.

Concrete shall not be placed until all Materials required for the curing phase are
onsite and ready for use.

Formed surfaces shall be cured using one of the following methods, which shall
be submitted to and approved by The City’s Engineer:

A Formed surfaces may be protected by watertight formwork left in place for
the curing period.

2 Formed surfaces may be stripped after the concrete has attained sufficient
strength to avoid damaging the concrete surface, but not less than 24 hours
after the end of concrete placement. Apply continual moist curing to formed
concrete surfaces within 2 hours of breaking forms away from the concrete
surfaces. Keep concrete continuously and thoroughly wet for the curing
period.

3 Only if approved by The City’s Engineer, a membrane-forming curing
compound that will prevent exceeding the specified moisture loss, as per
CSA A23.1, may be applied at the rate recommended by the manufacturer,

as follows:
A Submit test results indicating moisture loss is not exceeded.
2 Do not use curing compounds on surfaces where bond is required

for additional concrete or on surfaces that are to receive sealers
incompatible with the curing compound.

3 The formwork shall be left in place for a minimum of 24 hours, and
the curing compound shall be applied within 2 hours of formwork
removal.
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.5 Deck slabs, approach spans, and barriers shall be cured as specified in
Section 03301, High Performance Concrete.

.6 If approved for use by the City’s Engineer, membrane-curing compound
requirements include:

A Apply the specified membrane-curing compound at a rate specified by the
manufacturer. Apply the total rate in two passes in perpendicular directions
by spray or roller method.

2 Where membrane-curing compound is used on surfaces to receive sealers,
topping, hardener, or other type of bonded finish, completely remove the
membrane-curing compound by waterblast or sandblast methods.

3 Where silane sealer is specified, provide a waterblast to break up the
membrane-curing compound sufficiently to absorb the silane sealer into the
concrete surface.

During hot weather, the curing process shall begin immediately after finishing.
During cold weather, adequate care shall be taken to prevent any heating and
hoarding efforts from drying out the concrete.
34 Surfacing and Finishing
A Refer to Section 03301, High Performance Concrete, for deck finishing and curing.

2 Clean and fill form-ties or other accessory recesses with nonshrink grout or other
approved Material.

Do not leave concrete forms or accessories in place unless approved.

All approved accessories left in place shall have approved corrosion protection and
concrete covers, as specified in CSA/CAN S6.

5 Surface finishes are classified as follows:
Class 1: Ordinary surface finish
Class 2: Rubbed finish

Class 3: Floated surface finish

Class 4: Trowel finish

o W N =

Class 5: Broomed finish

.6 Apply surface finishes to concrete elements as described herein, unless otherwise
specified on the Drawings.

4 Class 1 - Ordinary surface finish shall be required for all formed surfaces, except
for surfaces receiving a concrete sealer, with the following requirements:

A Immediately following the removal of forms, remove all fins and irregular
projections from all surfaces except from those that are not to be exposed.

2 On all surfaces, thoroughly clean the cavities produced by form ties and all
other holes, honeycomb spots, broken corners or edges, and other defects.
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After saturating with water for a period of not less than 3 hours, carefully
point and true the defects with a mortar of cement and fine aggregate mixed
in the same proportions as the concrete being finished.

Do not use mortar that is more than 1 hour old for pointing.
Cure mortar patches as specified under Subsection 3.3, Curing.

Carefully leave all construction and expansion joints in the completed Work
tooled and free from mortar and concrete.

Leave joint filler exposed for its full length with clean and true edges.

Provide final surfaces that are true and uniform. Apply a Class 2 - Rubbed
finish to all surfaces that cannot be repaired to the satisfaction of The City’s
Engineer.

.8 Class 2 - Rubbed finish shall be required for any surface that receive a concrete
sealer, with the following requirements:

N

After removal of forms, start rubbing the concrete as soon as conditions
permit.

Immediately before starting this work, keep the concrete thoroughly
saturated with water for a minimum period of 3 hours.

If mortar is used in pointing of defects, allow enough time to elapse for
mortar to thoroughly set before wetting down.

Rub surfaces to be finished with a medium-coarse carborundum stone,
using a small amount of mortar on its face.

Use a mortar composed of cement and fine sand mixed in the same
proportions as the concrete being finished. Continue rubbing until all form
marks, projections, and irregularities have been removed; all voids have
been filled; and a uniform surface has been obtained. Leave the paste
produced by this rubbing in place at this time.

After all concrete above the surface being treated has been cast, rub the
surface with a fine carborundum stone and water. Continue this rubbing
until the entire surface is of a smooth texture and uniform colour.

After the final rubbing is completed and the surface has dried, rub the
surface with burlap to remove loose powder.

Provide a final surface that is free from all unsound patches, paste powder,
and objectionable marks.

9 Class 3 - Floated surface finish shall be required for all unexposed top surfaces,
with the following requirements:

A

After the concrete has been compacted, carefully rod and strike off with a
strike board to conform to the cross-section and grade shown on the
Drawings.

Make proper allowance for camber if required.
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Operating either longitudinally or transversely, move the strike board
forward with a combined longitudinal and transverse motion, the
manipulation being such that neither end is raised from the side forms
during the process.

Keep a slight excess of concrete in front of the cutting edge at all times.

After striking off and consolidating, make the surface uniform by
longitudinal or transverse floating, or both.

After floating has been completed and the excess water removed, but while
the concrete is still plastic, test the surface for trueness with a straight edge.

Immediately fill any depression found with fresh mixed concrete; and strike
off, consolidate, and refinish the Material.

Cut down and refinish high areas.

Provide a final surface that conforms to the required grade and contour
such that the deviation is not greater than 6 mm under a 3-m straight edge.

10 Class 4 - Trowel finish shall be required for all exposed top surfaces that do not
receive a broomed finish, including concrete gutters, with the following
requirements:

N

After the concrete has been deposited in place, compact the concrete and
strike off the surface using a strike board.

Make the surface uniform, dense, and free from voids by wood trowel
floating.

When the concrete has hardened sufficiently, the surface shall not vary by
more than 3 mm under a 3-m straight edge.

After the concrete has hardened sufficiently, trowel the surface to a smooth,
dense finish using a steel trowel.

A1 Class 5 - Broomed finish shall be required for all sidewalk surfaces and approach
slabs, with the following requirements:

A

After the concrete has been deposited in place, compact the concrete, and
strike off the surface using a strike board.

Make the surface uniform, dense, and free from voids by wood trowel
floating.

When the concrete has hardened sufficiently, the surface shall not vary by
more than 3 mm under a 3-m straight edge.

After the concrete has hardened sufficiently, give the surface a broomed
finish. Stroke the broom square across the slab with adjacent strokes
slightly overlapped to produce regular corrugations between 3-5 mm in
depth.

Lay out sidewalk surfaces in blocks with an approved grooving tool as
shown on the Drawings or as directed by The City’s Engineer.

Use an edging tool along all edges of the sidewalks.
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3.5 Defective Concrete

A
2

Immediately after removing forms, inspect all concrete surfaces.

Report any imperfect joints, voids, stone pockets, or other defective areas as
specified to The City’s Engineer at once.

Repair all defects before the concrete is thoroughly dry, as follows:

A Chip defective areas to a depth of not less than 25 mm with the edges
perpendicular to the surface.

2 Wet the repair, and a space at least 150 mm wide entirely surrounding the
repair, to a saturated surface dry condition to prevent absorption of water
from the repair material.

3 Make the repair of the same Material and of the same proportions used for
the concrete, except that the coarse aggregate shall be omitted and cement
added to match the colour of the surrounding concrete.

4 Use as little mixing water as necessary to satisfy the requirements for
handling and placing.

.5 Retemper the mortar without the addition of water by allowing it to stand
for a period of 1 hour; during which time, mix the mortar with a trowel to
prevent setting.

Thoroughly compact the repair material into place.

Screed off excess material to leave the repair slightly higher than the
surrounding surface.

.8 Leave the repair undisturbed for a period of 1 to 2 hours to permit initial
shrinkage before being finally finished.

.9 Finish and cure the repair to match the adjoining surface and to meet the
requirements noted in the Technical Specifications.

Report any shapes and lines outside the tolerances specified within the
Agreement, and repair or correct as directed by The City’s Engineer at no cost to
the City. Any concrete tolerances not specified within the Agreement shall conform
to CSA A23.1.

3.6 Carbon Monoxide Equipment

A

Do not place concrete for slabs if carbon-monoxide-producing equipment has been
in operation in the temporary enclosure during the 12 hours preceding the start of
concreting.

Provide positive ventilation during the 12 hours preceding the start of concrete
placement.

Unless directly used for concrete placing, do not operate carbon-
monoxide-producing equipment in the temporary enclosure during or within
24 hours after completing the finishing of any slab section.
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3.7

4.1

4.2

4.3

Crack Repair

A Where a measured crack width in the concrete member exceeds 0.3 mm, a crack
repair procedure outlining products, repair methods, and curing shall be submitted
to The City’s Engineer for approval before repair work proceeds.

MEASUREMENT AND PAYMENT

Measurement

A The quantity of concrete measured for payment will be based on the total
computed volume within the neat lines as shown on the Drawings, measured to
the nearest 0.01 cubic meters (m®), and reviewed and accepted by The City’s

Engineer.
Payment
A Payment for the Work of this section shall be on a unit price bid for the class of

concrete specified, less any applicable payment adjustments as outlined in
Subsection 4.3, Payment Adjustments, and will be full compensation for falsework
and formwork, batch testing, delivery, placement, curing, concrete surface
finishing, testing and inspection, and all labour, Materials, Construction Equipment,
tools, and incidentals necessary to complete the Work as shown on the Drawings
and to the satisfaction of The City’s Engineer.

2 All costs associated with concreting in cold weather, when required, will be
considered incidental to the Work, and no separate or additional payment will be
made.

3 The City reserves the right to reject concrete that does not meet the specified

requirements. The City may, at its sole discretion, accept concrete that does not
meet the specified requirements at a reduced price. Payment adjustment may be
made in accordance with Subsection 4.3, Payment Adjustments.

Payment Adjustments

A Payment adjustments shall be made for nonconformance to the specified strength
and durability characteristics.

2 Pay adjustments are applied independently, resulting in multiple penalties if the
concrete is Deficient in more than one consideration.

3 The volume of concrete used to adjust the Agreement amount shall be based on
whole truckloads of concrete and shall include all truckloads placed after the last
compliant truckload tested up to the next compliant truckload tested.

A4 Low Compressive Strength:

A When structural and durability considerations do not govern, but concrete
fails to meet contractual obligations of low compressive strength, the
penalty may be assessed at the discretion of The City’s Engineer, in
accordance with Table B.
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Table B — Payment Adjustment for Low-Strength Concrete

Criteria Deduction
3.5 to 4.5 MPa less than specified $120.00/m3
> 4.5 MPa less than specified $180.00/m3, or remove and replace
Notes:
> = greater than
5 Low Air Content:
A When the air content is tested with the prescribed procedure and falls

outside the specified limits, a durability penalty shall be assessed in
accordance with Table C.

Table C — Payment Adjustment for Air Void Spacing Factor

Criteria Deduction
Between 0.230 mm and 0.260 mm 50% deduction
>0.260 mm 90 % deduction or remove and replace
Notes:
> = greater than
.6 Cracking:
A No payment adjustment will be made based on cracked concrete.
2 However, the Contractor shall repair all cracks in accordance with the

Technical Specifications, regardless of the nature of their cause.

END OF SECTION
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1 GENERAL

1.1 Work Included

A This section outlines the requirements for all high-performance concrete (HPC) for
use in various elements of bridge and other concrete structures.

2 HPC specified in this section shall meet a combination of performance and
uniformity requirements that are more stringent than those for normal structural
concrete. Some of these performance characteristics are:

A Durability (longer service life)

2 Dimensional stability

3 Ease of placement without affecting strength
4 Early age strength

.5 Load carrying capacity

3 These characteristics shall be obtained by using a specified water-cementitious
material ratio (w/cm); supplementing the cementitious component with silica fume
and other pozzolans; and using enhanced concrete mixing and placing
procedures, as well as diligent curing procedures.

4 Concrete performance shall be measured by conformance to the plastic concrete
properties (Table A), performance characteristics (Table B), and durability
properties described in Clause 1.8.

.5 HPC shall be used for structural components exposed to severe field conditions,
such as temperature fluctuations, cycles of freezing and thawing, presence of de-
icing chemicals, and heavy traffic loading.

.6 Typically, the elements cast with HPC shall include the following structural
components:
A Bridge decks supported by concrete or steel girders
2 Top portion of cast-in-place (CIP) superstructure
3 Sidewalks, traffic barriers, medians, and curbs within the bridge decks
4 Precast girders
5 Precast light rail transit (LRT) platform planks
.6 Bridge substructure, earth-retaining structures, and exposed elements of

structural foundations within the traffic splash zone

g Specific elements to be constructed using HPC are as indicated in the Agreement
for the Project.

.8 This section incorporates requirements pertinent to concrete exposure
Class C-XL, as defined in the CSA Group (CSA) Standard A23.1, and methods of
concrete construction. Those elements of concrete construction not specifically
addressed in this section shall conform to other sections of the Technical
Specifications, Reference Standards, and the Agreement.
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9 Companion Section 03300, Cast-In-Place Concrete, outlines the requirements for
CIP Concrete. Where not specifically stated in this Section, the provisions of
Section 03300 are applicable also to HPC.

10 When the Material properties or performance listed in this section are more
stringent than the minimum limits of CSA A23.1, the requirements of this section
govern.

1.2 Related Work Specified in Other Sections

A Concrete Formwork and Falsework (if provided) Section 03100
2 Concrete Reinforcement Section 03200
3 Cast-In-Place Concrete Section 03300
4 Precast Concrete Supply, Fabrication, and Installation Section 03302
5 Pre-stressed and Post-Tensioned Concrete (if provided)

.6 Metal Fabrications Section 05500
7 Mechanically Stabilized Earth Retaining Walls Section 03483
.8

Other sections specific to the Project

1.3 Reference Standards

A Perform the Work of this section in accordance with the latest edition of the
following standards available at the Effective Date, except where specified
otherwise. Provide one copy onsite of CSA A23.1, CSA A23.2 and CAN/CSA S6
in either in hard copy or digital format.

2 Alberta Transportation (AT):
A AT, Approved Concrete Patching Materials for Bridges
2 AT, Approved Product List for Bridge Concrete Sealers
3 ASTM International (ASTM):

A ASTM C260/C260M REV A, Standard Specification for Air-Entraining
Admixtures for Concrete

2 ASTM C309, Standard Specification for Liquid Membrane-Forming
Compounds for Curing Concrete.

3 ASTM C457/C457M, Standard Test Method for Microscopical
Determination of Parameters of the Air-Void System in Hardened Concrete

ASTM C494, Standard Specification for Chemical Admixtures for Concrete

5 ASTM C666/C666M, Standard Test Method for Resistance of Concrete to
Rapid Freezing and Thawing

.6 ASTM C672/C672M, Standard Test Method for Scaling Resistance of
Concrete Surfaces Exposed to Deicing Chemicals

g ASTM C881, Standard Specification for Epoxy-Resin-Base Bonding
Systems for Concrete
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5

.8 ASTM C1581/C1581M REV A, Standard Test Method for Determining Age
at Cracking and Induced Tensile Stress Characteristics of Mortar and
Concrete under Restrained Shrinkage

9 ASTM C1202, Standard Test Method for Electrical Indication of Concrete’s
Ability to Resist Chloride lon Penetration

Concrete Alberta:

A Certification of Concrete Production Facilities Audit Checklist
CSA Group (CSA):

CAN/CSA-S6, Canadian Highway Bridge Design Code

CSA A23.1, Concrete materials and methods of concrete construction
CSA A23.2, Test methods and standard practices for concrete
CSA A23.3, Design of concrete structures

CSA A283, Qualification Code for Concrete Testing Laboratories
CSA A3000, Cementitious materials compendium

CSA A3001, Cementitious materials used in concrete

CSA S269.1, Falsework and formwork

© N o o R~ w N

1.4 Definitions

A

All defined words or phrases shall have meaning given the City of Calgary
Standard General Conditions and the Agreement, unless noted otherwise.

Mass Pour means any pour where the minimum dimension is 1.0 metre (m) or
greater.

Satisfactory Control means concrete from three consecutive loads are within the
specified requirements as defined in Table A without field adjustments.

1.5 Supply Provisions

A

All ingredients shall be selected based on the performance parameters included in
the Technical Specification.

The Contractor shall design all specified concrete mixes and implement a program
of testing as specified herein to demonstrate that the long-term durability of the
concrete material will be achieved.

1.6 Submittals

A

Submit the proposed mix designs, including quantities, for all concrete mix types
to The City’s Engineer for review 20 Business Days prior to their initial use. The
review of the mix design does not constitute acceptance of the final product, the
requirements for which are included elsewhere in these Technical Specifications.
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A The City will not accept submissions with incomplete information. Include

.10

1

The City of Calgary |

in the mix design submission all requirements of the Technical
Specifications, including mix components, quantities, identification of
sources of supply, and admixtures.

Submit copies of mill certificate test reports of cement, fly ash, and silica fume.

Submit coarse and fine concrete aggregate test results showing compliance with
the requirements of CSA A23.1.

Submit alkali aggregate reaction test results for the aggregate used in the concrete
mixes. Test results older than 1 year shall be verified by retesting.

Submit technical data sheets for all proposed pre-mixed grout.
Submit data on all concrete accessories specified or proposed.

Submit data on all concrete admixtures, including the compatibility of the following:

A Water-reducing admixture
2 Superplasticizer

3 Air entraining agent

4 Cement

.5 Fly ash

.6

Silica fume, where used

Concrete suppliers shall submit certification of concrete production facilities in
accordance with the Concrete Alberta Certification of Concrete Production
Facilities Audit Checklist.

Submit a pour procedure to The City’s Engineer for review a minimum of 5
Business Days before the concrete is to be poured, including hot and cold weather
concreting methods in accordance with CSA A23.1.

The Contractor shall submit a detailed procedure for curing concrete including:

A Protection against moisture loss due to temperature and wind
2 Equipment and Materials used
3 Detailed schedule of concrete placement, curing, formwork removal, and

temperature maintenance

Not less than 10 Business Days prior to starting the Work, submit to The City’s
Engineer for review a concrete placement plan describing the method and
equipment proposed for the handling, placing, finishing, curing, and protection of
the concrete. The plan shall include a description of the following:

A The Construction Equipment for transporting, distributing, and vibrating the
concrete and complete details for the support of such equipment.

2 The concrete deck finishing machine and the guide rails for the support of
such equipment.

3 Work platforms and finishing bridges.
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A list of key personnel who will be working on placing and finishing of the
concrete, with a brief resumé of their experience.

The standby plant(s) and equipment available in case of breakdown. A
standby plant must be identified and approved by The City’s Engineer prior
to starting the Work.

12 Review of the concrete placement plan by The City’s Engineer shall not relieve the
Contractor of the responsibility for satisfactory performance of the final product.

1.7 Quality Control, Quality Assurance, and Inspection and Testing

A Quality Control

A

Submit a Quality Management Plan (QMP) to The City’s Engineer for
review and acceptance before any concrete work commences.

Maintain responsibility for coordination of forming, placing reinforcing steel,
placing other required Materials and accessories, and placing concrete.

A full-time qualified superintendent representing the Contractor shall be in
attendance to inspect and check all phases of the Work.

Maintain responsibility for the quality of Materials and products provided for
incorporation in the Work and for the quality of the Work. The burden of
proof is on the Contractor for the quality of the Work.

The absence of quality control (QC) documentation may result in Work
being deemed incomplete or Deficient and may result in corrective work,
costs of which shall be borne by the Contractor.

Maintain responsibility for the concrete mix designs, quality, and
documentation in accordance with the Technical Specifications. The review
of the mix design does not constitute acceptance of the final product.

2 Quality Assurance

A

3

The City may undertake, through an independent Canadian Council of
Independent Laboratories (CCIL)-certified testing firm, random sampling,
inspection, and testing to determine compliance with the Technical
Specifications and the Agreement. This shall in no way relieve the
Contractor of their requirement to carry out QC.

Mix Designs:

A Submit mix design(s) to The City’s independent testing firm for
review.

2 The testing firm shall review the mix designs and confirm whether
they are suitable for the intended purpose and are expected to
perform to the specified standards.

3 This review shall in no way relieve the Contractor of their
requirement to assure product performance.

Batching Plant Audit:
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A The City’s independent testing firm may perform a quality
assurance (QA) audit at the batching plant during concrete pours.

2 Provide access to all portions of the Work, including manufacturing
and fabrication plants, and cooperate with The City’s
representatives.

3 The Contractor may be asked to provide casual labour to the testing

firm’s field personnel to obtain and handle sample Materials.

Allow ample time for notification, inspection, and corrective work, if
required, before scheduling concrete placement.

Notify The City, The City’s Engineer, and The City’s independent testing
firm a minimum of 24 hours in advance of concrete placement.

Provide a suitable testing station in a location suitable to The City’s
independent testing firm and convenient to the point of sampling. The
testing station may be required to be moved from time to time during
placement.

Make space available for storage and curing of test samples, as follows:

A Provide properly designed, temperature-controlled storage boxes
for test cylinders, as specified in CSA A23.2-3C, for a period of at
least 24 hours and further protection from adverse weather and
mishandling until removed from the Project Site.

2 Provide a maximum and minimum thermometer for each storage
box.

3 Storage facilities shall be provided, installed, checked, and
approved before any concrete may be placed.

In case of ambiguity whether the Work conforms to the applicable standard,
The City’s Engineer reserves the right to have such Work tested or re-
inspected to ascertain conformance. The cost of such testing will be borne
by The City in the event of conformance and by the Contractor in the event
of nonconformance with the Agreement.

Upon request, provide concrete batch records for the concrete used in the
Work.

3 Inspection and Testing

A

Perform inspections and testing necessary to verify that the Work conforms
to the requirements of the Agreement.

Conduct QC testing onsite, including air content, slump, and compressive
strength, with the frequency of testing per the Contractors QMP and
meeting the requirements of CSA A23.1, as follows:

A Testing shall be performed by a Canadian Council of Independent
Laboratories (CCIL) certified testing firm.
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2 All concrete samples shall be taken from the point of discharge to

the forms. If a concrete pump is used, test samples shall be taken
from the discharge end.

3 All test results shall be made available to The City’s Engineer, upon
request.
4 All costs of this testing shall be borne by the Contractor.

Provide copies of inspection and test reports to the Subcontractor
performing the Work.

The Contractor's QMP shall include the frequency of tests for slump, air
content, temperature, and compressive strength for each structural
element. At a minimum, testing frequency shall be as follows, unless
otherwise specified:

A Conduct tests for slump, air content, and temperature on a
minimum of the first three concrete loads until Satisfactory Control
is established.

2 After Satisfactory Control has been established, conduct testing per
the Contractor's QMP. A minimum of one test for every 20 m3 of
concrete placed shall be conducted.

3 If testing indicates that a load does not meet the requirements,
resume testing on each load until Satisfactory Control is re-
established.

4 Additionally, conduct air, slump, and temperature tests whenever

compressive test cylinders are cast.

Produce and test enough early strength cylinders to support the
Contractor's QC program and to validate concrete strengths for stripping
formwork and applying loads. Costs for all QC tests shall be borne by the
Contractor.

For Mass Pours, verify that both the gradient temperature within the
concrete and the maximum temperature in the concrete meet the
requirements of CSA A23.1, Section 7.6.3, Mass concrete, and Table 20.

For bridge decks, record the concrete temperature at two different locations
per each 150 square metres (m?) of deck surface to verify that both the
gradient temperature within the concrete and the maximum temperature in
the concrete meet the specifications of CSA A23.1.

Conduct QC testing of temperature for Mass Pours as follows:

A Provide a plan showing the location of thermocouples to The City’s
Engineer for review.

Install thermocouples to monitor temperatures during mass pours.
Temperature readings shall be taken at a minimum:

A Every 4 hours for the first 12 hours

2 Every 12 hours for the following 3 Days
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4 Prqvide temperature data to The City’s Engineer and The City for
review.

.5 Outline corrective action for concrete not within temperature
requirements in the Contractor's QMP.

9 Concrete test results shall include the following information:

A Name of the Project

2 Date of sampling

3 Mix design designation number, and specified strength, slump, and
air content

4 Name of supplier, and truck and ticket number

.5 Time batched, and time placed

.6 Identification of sampling and testing technician

g Cement type and admixtures used

.8 Exact location in the structure of the concrete sampled

9 Ambient air and concrete temperatures

.10 Nominal aggregate size

el Water added, and personnel authorizing additional water

10 Submit responses to all site review reports confirming that all reported
Deficiencies were corrected, or stating what action was taken.

1.8 Durability Requirements

A Requirements for concrete mix proportions and plastic concrete properties are
summarized in Table A.

The air content shall be within the range specified for the class of HPC (Table A).

Hardened concrete shall have an average air void spacing factor per lot of no more
than 230 micrometres (um), with no individual test result greater than 260 um as
determined in accordance with ASTM C457.

A The spacing factor may depart from these requirements if its durability
factor after 300 rapid freezing and thawing cycles performed in
conformance with procedure A of ASTM C666 is greater than 90%.

2 The City’s Engineer shall verify the air void system conforms to the
Technical Specifications.

4 Plastic mix air content and the air void system in the hardened concrete shall
conform to the Technical Specifications regardless of the method of concrete

placement.

.5 Pumped concrete shall be designed to retain required properties at the point of
discharge to the forms.
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.6 Rapid chloride permeability of concrete at 28 Days determined in accordance with
ASTM C1202 shall conform to limits specified in Table B.

A The Engineer may accept results of verification tests performed on cores
retrieved from the hardened concrete.

2 Coring of in situ concrete may be done only upon The City’s Engineer’s
written approval.

v The required concrete cover to reinforcement shall be within the limits and
tolerances specified in the Agreement.

.8 The success and effectiveness of HPC depends not only on Material property
requirements specified herein, but also on an effective QC program, and good
workmanship in manufacturing, placing, and curing the concrete. The City
Engineer’s approval of the Contractor’s procedure for concrete placement and
curing procedures is required.

9 Curing shall conform to the requirements in these Technical Specifications.
.10 Cracking of In-place Concrete:
A Crack widths greater than 0.3 millimetre (mm) shall be repaired. As
specified in Section 3.8.
1.9 Acceptability

A Failure to comply with the requirements of these Technical Specifications will result
in the structure being considered potentially Deficient.

2 To conform to the concrete strength requirements of the Technical Specifications,
the results of tests performed on laboratory-cured cylinders for each type of
concrete shall meet the following:

A The average of all tests shall exceed the specified strength.

2 The average of any three consecutive tests shall be equal to, or greater
than, the specified strength.

3 No individual strength test shall be more than 3.5 megapascals (MPa) less
than the specified strength.

3 If any of the foregoing criteria are not met, The City’s Engineer shall have the right
to require one or more of the following, the costs of which shall be borne by the
Contractor:

A Changes in the mix proportions for the remainder of the Work (changes
shall be reviewed and approved by The City’s Engineer).

2 Testing of in situ concrete.

3 Removal and replacement of all nonconforming concrete. .

The Contractor shall not proceed with placing concrete for subsequent structural
elements until demonstrating through testing of trial mixes that the revised mix
design will produce the specified physical properties.
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4 Additional courses of action that The City’s Engineer may choose to verify quality
of product include:

A Ordering an independent testing firm to obtain cores, x-rays, or similar
nondestructive tests where evidence points to a potentially Deficient
structure

2 Ordering a load test or analysis, as defined by CSA A23.3, if the
nondestructive tests are impractical or inconclusive

5 If, after the completion of the testing procedure, The City’s Engineer is not satisfied
with the indicated quality of the concrete in the structure, the Contractor may be
required to strengthen or replace those portions The City’s Engineer deems to be
unsatisfactory. Alternatively, the penalties described in the Technical
Specifications may be assessed at the discretion of The City’s Engineer.

2 PRODUCTS

2.1 General

A Materials shall be obtained from the same source of supply or manufacturer for the
duration of the Project.

All exposed concrete shall be consistent in colour.

Concrete shall come from concrete production facilities that have Construction
Equipment in good operating condition and with proper capability to produce
quality concrete.

2.2 Cementing Materials

A Cementing materials for use in HPC shall conform to CSA A3001, and shall be
one of the following:

A Type GU, General use cement
2 Type GU-10SF

3 Type MH, Moderate heat of hydration cement, upon prior approval by The
City, where size of the concrete elements requires restrictions relative to
heat of hydration.

2 The maximum alkali content of cement, expressed as sodium oxide equivalent,
shall be 0.6% by mass.

3 Type HS cement shall not be used in HPC
Type HE High early-strength cement shall not be used in place of Type GU cement.

2.3 Supplementary Cementing Materials
A Silica fume shall be a Type SF pozzolan conforming to CSA A3001.

2 Fly ash shall be a Type F pozzolan conforming to CSA A3001, with the following
additional requirements:

A Calcium oxide content of Type CI fly ash shall not exceed 12%.
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2.4 Aggregates

A

.10

1

A2

All aggregate tests shall be conducted by an approved, independent, third-party
laboratory certified in accordance with CSA A283 to Category Il

Following completion of all tests, the laboratory shall declare that the aggregate is
fully acceptable for the intended use and that it will provide good long-term
performance.

All test results and evaluations shall bear the seal of an Engineer retained by the
third-party laboratory.

The analyses of the aggregates shall be current. Sampling and testing shall be
done not more than 1 year prior to concrete production unless otherwise approved
by the Engineer. Additional analyses of more recent sampling shall be provided
periodically if so directed.

All costs associated with the specified aggregate tests shall be borne by the
Contractor.

The Contractor shall submit the current results of the aggregate tests for each
source of aggregate to be used. The aggregate shall meet the requirements of
CSA A23.1, Table 12 — Limits for deleterious substances and physical properties
of aggregates.

Testing for organic impurities per CSA A23.2-7A shall not produce results darker
than standard colour (Organic Plate Number [No.] 3). Aggregates producing a
colour darker than the standard colour will be rejected; provisions 4.2.3.3.2(a) and
(b) of CSA A23.1 shall not apply.

Fine aggregates shall be graded to limits specified in Table 10 of CSA A23.1 and
shall conform to the requirements for the specified exposure class.

If the fine aggregate consists of a blend from more than one source, the fine
aggregate sieve analysis shall show the gradation of the blended fine aggregates.
Similarly, in the case of blended coarse aggregates, the coarse aggregate sieve
analysis shall indicate the gradation of the blended coarse aggregates.

For all concrete mix types, the coarse aggregate shall conform to the requirements
identified in CSA A23.1 for the specified exposure class. The aggregate shall meet
the Group | gradation requirements listed in Table 11 of CSA A23.1.

Petrographic analysis of coarse aggregate conducted in accordance with
CSA A23.2-15A shall provide a maximum Petrographic Number of 125.

Alkali-Aggregate Reactivity:

A Aggregates shall not react with alkaline in the cement to an extent that
results in excessive expansion or cracking of concrete.

2 Evaluation of the potential for alkali-aggregate reactivity and the selection
of the preventative measures shall be performed in accordance with CSA
A23.2-27A.

3 In the absence of test results, the aggregate shall be considered highly
reactive.
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A3 The source of the aggregate and the method of manufacture or production,
including the type of equipment used, shall not be altered for the duration of the
Project following the acceptance of the aggregate.

14 Nominal size of coarse aggregate shall be as specified in Table A.

2.5 Water

A Water for use in concrete production, surface cleaning, saturation, and curing shall
be clean and free from injurious amounts of oil, acid, alkali, organic matter, soluble
chlorides, sediment, or any other deleterious substances per CSA A23.1.

2.6 Admixtures

A All admixtures shall be of uniform consistency and quality within each container
and within the delivery batches.

Air-entraining admixtures shall conform to the requirements of ASTM C260

Water-reducing admixtures shall conform to the requirements of ASTM C494,
Type A. Type D retarding water reducer shall be used only when approved by The
City’s Engineer in writing.

A4 Superplasticizers (high-range water reducers) shall conform to the requirements
of ASTM C494, Type F.
5 Set retarding admixtures and hydration stabilizing admixtures shall not be

permitted, unless approved by The City’s Engineer in writing.
Set accelerating admixtures shall not be permitted.

Calcium chloride or admixtures containing chloride ions shall not be used in
concrete.

.8 No chemical admixtures or additives other than those specified herein shall be
added to the concrete mix or applied to the surface of concrete unless approved
by The City’s Engineer in writing.

2.7 Concrete Accessories

A If approved by The City’s Engineer prior to commencement of the Work, concrete
accessories (as listed herein) may be used.

2 All concrete accessories shall be compatible with any sealers or waterproofing
membranes used.

3 All concrete accessories left in place shall have approved corrosion protection.

Use of curing compound in lieu of wet curing shall not be permitted, unless
approved in writing by The City’s Engineer.

Liquid membrane-forming curing compound shall conform to ASTM C309.

Membrane curing compound shall be Sealtight 1220, Type 2 white pigmented
curing compound by W.R. Meadows or approved equal.
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7 Molecular film (evaporation reducer) shall be Confilm by Master Builders, or
approved equal. Application shall be in accordance with the manufacturer’s
recommendations.

.8 Fibres shall be synthetic fibres or approved equal in the amount specified in the

proposed mix design.

9 All steel accessories shall be corrosion-protected using methods approved by The
City’s Engineer. Dissimilar metals shall be separated by approved methods.

.10 Concrete plugs to fit cone holes formed by compatible form ties shall match the
colour and texture of the surrounding concrete. Product information shall be
submitted to The City’s Engineer for review by before use on the Project.

el Ducts shall be DB-2 ducts as supplied by IPEX or approved equal, complete with
all required accessories, fittings, sleeves, couplers, and expansion units as
required or specified.

A2 Joint sealant shall be Sikaflex 1a or approved equal.

A3 Cushioning foam shall be Evazote EV30 by Zotefoams Inc. or other pre-approved
ethyl vinyl acetate (EVA) foam with compressive strength of 35 kilopascals (kPa)
at 25% set.

2.8 Concrete Sealers

A Silane sealer shall be a Type 1c penetrating sealer currently listed on the
AT Approved Product List for Bridge Concrete Sealers.

2 Pigmented sealer shall be a Type 3 pigmented sealer currently listed on the
AT Approved Product List for Bridge Concrete Sealers. Colour shall be determined
by The City’s Engineer.
2.9 Crack Repair
A For horizontal cracks:
A Low-viscosity (100 centipoises [cps] or less) epoxy sealer
2 Epoxy sealer shall be Sikadur 55 SLV or Dural, 333, or approved equal.

3 Modified Methacrylate (MMA) or High Molecular Weight Methacrylate
(HMWMA) approved by The City’s Engineer shall be used for horizontal

cracks.
2 For nonhorizontal cracks:
A Epoxy sealer for pressure injection shall have a viscosity less than 500 cps

and meet ASTM C881 Type IV, Grade 1, Class B or C.

2 Epoxy sealer system shall be Sikadur 35 Hi-Mod LV in combination with
Sikadur 31 Hi-Mod Gel Crack Filler or Sikadur Capseal, or an approved
equal system.
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2.10 Concrete Patching Material

A

Horizontal concrete patching material shall be a Type NH “Normal Horizontal”
material currently listed on the AT Approved Concrete Patching Materials for
Bridges list.

Non-horizontal concrete patching material shall be a Type OH-V “Overhead or
Vertical” material currently listed on the AT Approved Concrete Patching Materials
for Bridges list.

211 Concrete Mixes — Design and Trial Batch Testing

A

.10
1
A2

The Contractor, through approved suppliers, shall undertake the concrete mix
designs and pay for all costs associated with the development, testing, and
submissions of the mix designs and results of performance testing.

Trial batches shall be required for all new mix designs. The results from the trial
batch testing are valid for up to 2 years.

All testing of the concrete shall be the responsibility of the Contractor and shall be
performed by an independent, Canadian Council of Independent Laboratories
(CCIL) certified testing firm.

The Contractor shall submit mix designs and results of performance testing to The
City’s Engineer for review. Mix design documentation shall include all components
of the mix and quantities of the Materials used. All testing, review, and consent to
selection of the HPC mix designs must be in place at least 20 Business Days prior
to concrete placement.

Failure to demonstrate the specified concrete performance shall result in delays
for which no claims can be made against The City.

The design and QC testing of concrete mixes shall include assessment of
compatibility of the Contractor's proposed Materials, including cement and
admixtures, adequate workability of the mixes, as well as the slump and air
retention properties of the proposed mixtures. Test results older than 2 year shall
be verified by retesting.

In lieu of trial batch testing, the Contractor may submit a mix design from previous
works, complete with laboratory and QA/QC field test results, for review and
approval by The City’s Engineer. All performance criteria of this Technical
Specification shall apply. Test results older than 2 years shall be verified by
retesting.

Required air content retention shall be a minimum of 70% of initially measured air
content after 1 hour of mixing.

One adjustment of air onsite may be allowed, provided that the adjustment is done
under the supervision of qualified personnel.

Concrete mixes that will be placed by pump shall be designed for pumping.
Slump retention shall be 75% after 45 minutes.
Superplasticizer:

A Superplasticizer shall be used in HPC.
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A3
14

15

.16

A7

The City of Calgary |

2 Slump measured immediately prior to placing or pumping of concrete shall
conform to values specified in Table A.

3 Only one re-dose of superplasticizer will be allowed after batching.

4 The Contractor shall prevent segregation of concrete.

5 No segregated concrete shall be placed in the Work.

Additional water shall not be added to the batch after initial mixing.

In no case will batch adjustment relieve the Contractor of the responsibility for the
concrete’s durability, strength, or acceptability. The City’s Engineer reserves the
right to reject any batch in the case of confirmed unacceptability and to require
immediate removal of any concrete from this batch from the Work.

Chloride ion penetrability shall be assessed using ASTM C1202, which shall be
done on 28-Day-old samples cast from the concrete trial batches. Acceptable level
of chloride penetrability for HPC shall be as shown in Table B.

For all HPC, trial batches shall include 42-Day cracking potential tests, which shall
be done on at least three trial mixes, in accordance with ASTM C1581.

Salt Scaling Potential:

A Trial batch testing shall include tests for salt scaling potential. Salt scale
testing shall be carried out as per ASTM C672 with the following
modifications:

A Proportioning — the patching product shall be prepackaged by the
supplier.

2 Specimen — shall have a 50 mm depth and the dike is to be placed
on the under or formed side of the specimen. To ensure all form oil
is removed, the formed surface shall be prepared by light
sandblasting, such that approximately 15 grams of material is
removed. Three specimens shall be formed for testing.

3 Mixing and Testing — machine mix and test according to the
applicable provisions of CSA CAN3-A5.

4 Curing — a period of 28 days, the first 14 days in moist storage and
the last 14 days under controlled chamber at 50% RH and 23° C
(x1°C).

5 Salt Solution — the de-icing salt shall consist of sodium chloride and
water, having a concentration such that each 100 ml of solution
contains 3 grams of sodium chloride.

.6 Mass Loss — Prior to the final visual examination and rating and
after each of the 10 cycles, remove the salt solution together with
all the flaked off concrete from the surface and place into a
watertight container.

This procedure is best accomplished by tilting the slab into a 500
mm diameter funnel and washing the surface of the specimen with
the salt solution. The washing should continue until all loose
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particles are removed from the concrete. The solution shall then be
strained through a filter, and the residue dried out in an oven at
105°C to a constant mass. The residue shall be cumulatively
weighted after each 10 cycles. The residue shall be defined as the
loss of mass and expressed in kilograms per square metre of
exposed slab area. The loss of mass shall be calculated to the
nearest 0.001 kg/m2.

v Report — measure and report cumulative weight after every 10
cycles as kg/m2.

2 The surface mass loss during 30 cycles of freezing and thawing shall be
less than 0.4 kilogram per square metre (kg/m?) for the mix to be
considered acceptable.

.18 HPC required mix properties shall be as shown in Table A. HPC specified
performance characteristics shall be as shown in Table B.
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Table A — Mix Properties

Coarse
Supplementary | Aggregate | Cement Air Maximum
Mix Typical Structure Cementing Maximum | Content Content Slump
Type Element Application? Materials (mm) (kg/m)b< | w/icmd (%) (mm)®
HPC1 Bridge: Deck, Curbs, Silica Fume, 20 Per Mix 0.35- 5-8 180
Approach Slabs, 7.5-10%*9 Design 0.37 100
Medians, Substructuresf Fly Ash up to
Substructuresf, 209%h
Foundationsf, Retaining
Wallsf, Sidewalks
HPC2 MSE Retaining Walls, Silica Fume, 14 Per Mix 0.35- 5-8 180
Retaining Wallsf and 7.5-10%*9 Design 0.37
copingf, Walls above
Gradef, Expansion ;g,/ﬁ?h up to
Joints, Deck Overlays,
Precast LRT Platform
Panels
HPC3 Precast Girders Silica Fume 10% 14 Per Mix 0.28- 5-8 260
Design 0.33
HPC4 Precast Deck Panels Silica Fume, 14 Per Mix 0.35- 5-8 260
7.5-10%°9 Design 0.37
Fly Ash up to
20%"

Notes:
a. For specific application, refer to Drawings and Technical Specifications.
b. Type GU.

c. The amount of cement shall be provided as required to achieve the durability and strength performance specifications; however,
the Contractor is made aware of the increased cracking tendency of HPC with high cement content. A lower dosage of cement
within the specified range is encouraged.

d. water to cementing materials ratio.

e. After superplasticizer added at the batching plant.
f. Within splash zone.

g. By weight of cement.

h. Class F.

i. Sidewalk concrete only.

% = percent

kg/m = kilogram(s) per metre

MSE = mechanically stabilized earth
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212

213

3.1

Table B — Performance Characteristics

28-Day

Compressive Chloride lon Maximum Air

Mix Strength Penetrability Void Spacing
Type Minimum (MPa) (Coulombs) (um)
HPCA1 45 Maximum 1,000° 230
HPC2 45 Maximum 1,000° 230
HPC3 70 Maximum 1,000 230
HPC4 45 Maximum 1,000P 230

Notes:
b Maximum limit 28 Days after casting.

Storage and Handling of Materials

A

Cement and fly ash shall be stored in a suitable weather-tight building that will
protect these Materials from dampness. Cement and fly ash shall be free from
lumps at all times during use in the Work. Cement and fly ash stored for a length
of time resulting in the hardening or formation of lumps cannot be used in the Work.

All aggregates shall be handled to prevent segregation and to obtain uniformity of
Materials, as follows:

A The separated aggregates and the aggregates secured from different
sources shall be piled in separate stockpiles.

2 The site of the stockpiles shall be cleaned of all foreign materials and shall
be reasonably level and firm.

3 If the aggregates are placed directly on the ground, Material shall not be
removed from the stockpile within 150 mm of the ground level. This Material
is to remain undisturbed to avoid contaminating the aggregate with the
ground material.

Ready-Mix Concrete

A

In case of doubt as to the consistent quality of concrete provided by the proposed
supplier, The City’s Engineer may order the Contractor not to use that supplier’s
concrete in the Work.

.2 The Contractor shall arrange for an acceptable concrete supply without additional
compensation or extension of time.

EXECUTION

General

A1 Perform concrete work, including fabrication, placement, finishing, and curing, in
accordance with requirements of CSA A23.1, and the accepted concrete
placement plan, unless indicated otherwise in the Technical Specifications.

2 All HPC for a particular structure shall be produced in the same batching plant.
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3 All aggregates for concrete produced for a structure shall be supplied from the
same source.

4 Selection of the equipment shall be based on site-specific requirements and
constrains.

3.2 Placing Concrete

A The Contractor is advised of the potential impact placement procedures have on
the durability performance of the concrete, especially regarding concrete cracking.
Special environmental conditions, procedures, monitoring, and products may be
required to produce the quality of in-place HPC expected on this Project.

2 Placement of HPC shall not commence if:

A The anticipated air temperature during the pour is expected to exceed
20 degrees Celsius (°C) for placement of HPC on bridge decks or 22°C for
placement of HPC other than on bridge decks.

2 The anticipated air temperature during the concrete pour is expected to
drop below 5°C on the Day of concrete placement or during the subsequent
7 Days,

A This requirement may be waived if a combination of an enclosure,
heating, and insulated forms are used to maintain a minimum
ambient air temperature of 10°C, subject to approval by The City’s
Engineer.

3 Windy conditions are present or expected during the pour, whereby
combined effects of air temperature, relative humidity (RH), concrete
temperature, and wind could result in a surface moisture evaporation rate
more than 1 kg/m? per hour as determined by CSA A23.1 Annex D.

Rain is predicted during the concrete pour.

Equipment, Materials, wind breaks, fog spray equipment, water supply, or
adequate labour are not available for a continuous concrete pour.

.6 Do not start placing concrete until all Materials required for the curing phase
are onsite and ready for use.

3 Notify The City’s Engineer and The City’s independent testing firm a minimum of
24 hours prior to commencement of any concrete placement.

4 Allow time for corrective work for areas of unusual formwork and congested
reinforcement.

.5 Notify the geotechnical Engineer to inspect and verify soil conditions and bearing
pressures of all foundations prior to placing concrete for mud slabs or foundations.

Do not place concrete against frozen ground, frozen concrete, or frosted forms.

Place all hardware and all other items to be cast into concrete securely and in a
manner to facilitate placing concrete.

.8 Do not disturb reinforcement, inserts, embedded parts, formed expansions and
contraction joints, and other critical items during concrete placement.
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Revise, reseat, and correct improperly positioned reinforcing hardware and other
embedded items immediately before concrete placement.

Verify and record the temperature of the concrete during placement:

A The concrete temperature during discharge into the forms shall be between
10°C and 20°C.

Verify and record the temperature of the concrete throughout curing using
thermocouples, as follows:

A Use a minimum of two thermocouples per 100 cubic metres (m®). Submit
a diagram showing all locations to be monitored.

The maximum temperatures during hydration shall not exceed 60°C.

The total temperature gradient shall not exceed that specified in CSA A23.1
Table 20.

4 The temperature rise, or drop, shall not exceed a maximum heating or
cooling rate of 2°C per hour.

Employ corrective measures upon identification of noncompliance to the concrete
temperature requirements per the approved QMP.

Comply with hot and cold weather concrete fabrication, placement, and curing
requirements per CSA A23.1, except as noted in these Technical Specifications.

Use of Ice and Liquid Nitrogen:

A Maintain the mix temperature at or below 18°C by including ice or liquid
nitrogen to the mix at the plant.

2 The use of ice or liquid nitrogen shall be reviewed by The City’s Engineer
and supervised by The City’s independent testing firm.

3 Take special care to maintain the consistency of the designed w/cm ratio,
while adjusting the mix proportions to account for the addition of ice or liquid
nitrogen.

Immediately prior to placing concrete, thoroughly wet the forms and any previously
placed concrete down with clean, potable water.

Maintain specified concrete cover around reinforcing.
Do not place concrete older than 90 minutes from the batch time.
Do not add water onsite.

Where concrete is placed on an inclined surface, begin the placing operation at
the lower end of the slope and progress upward unless otherwise permitted by The
City’s Engineer.

Place and screed concrete in accordance with the lines and levels indicated on the
Drawings.

Place concrete in approximate