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1.0 Introduction and Objectives

1.1 Background and Objectives

This Ice Guideline is intended assist the Lower Thames Valley Conservation Authority (LTVCA) in
decision-making regarding ice issues with respect to permitting for docks. A detailed technical
background to this Ice Guideline is provided in Comfort, 2021.

1.2 Applicable Return Period for the Ice Guideline

Of course, ice actions vary from year-to-year. The LTVCA provided the guidance that the Ice
Guideline should generally err conservatively with respect to ice actions and issues.

The following recommendations are made for docks in the lower Thames River:

(a) Applicable return period for ice actions — this should be taken as 100 years.

(b) The safety factors that must be applied — this is a related issue of course. Recognizing
that LRFD Load and Resistance Factor Design) is typically used at present, it is
recommended that factors should be applied to both the loads, and the foundation or
structural resistance, in accordance with the Canadian National Building Code.

2.0 Range of Applicability

2.1 Docks

III III

This Ice Guideline is intended to be applicable to “recreational” docks, and not “industria
ones. This removes sheet pile/retaining walls from consideration for the Ice Guideline. Based
on aerial photos for 82 recreational docks in the lower Thames River, recreational dock
configurations can be broadly divided into the following general categories:
(a) A single-piece dock that is placed along the shore — these docks tend to be generally
rectangular. See Figure 2.1 for an example.
(b) A two-piece dock that consists of a walkway extending out from shore to a deck
offshore, at the end of the walkway. See Figure 2.1 for an example.

With respect to ice actions, it is of interest to define the following overall dock dimensions:

(a) The length that the dock extends out into the river (termed the “offshore” length) — the
offshore length averaged about 5.5m, with a range from about 1 to 12.5m. Figure 2.2
shows the dock with the largest offshore length.

(b) The length that the dock extends along the shore of the river (termed the “alongshore”
length) — this averaged about 10.9m, with a range from about 1 to 124m. Figure 2.2
shows the dock with the largest alongshore length.
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425 Riverview Drive

5949 Tecumseh Line

Two-piece dock with walkway

Figure 2.1: Sample Docks in the Lower Thames River (photos courtesy of LTVCA)

- X
Dock with max. offshore length (i.e., 12.5m)

Municipaity of Chatham-Kent
unicioal dock, W of Kell Dr Bridge

Dock with max. alongshore length (i.e., 124m)

Figure 2.2: Selected Docks in the Lower Thames River (photos courtesy of LTVCA)

2.1.2 The Components of a Dock

Recreational docks can be considered to have the following components:
(a) The abutment — which connects the dock to shore. This might be concrete for example.
(b) The support for the dock — for example, this might be piles or cribs.
(c) The superstructure — this Ice Guideline is limited to open decks. Other potential
additions such as a canopy or a deckhouse were beyond the scope of this Ice Guideline,
as they would be governed by policy (M. Peacock, LTVCA, personal communication).
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Because all of the existing docks are vertical, this Guideline is limited to vertical structures.

This Ice Guideline provides separate guidance for each of the dock components as a given case
may not involve all of them. For example, some docks might get taken out in winter, leaving
only the piles exposed to ice. Furthermore, the Ice Guideline considers the effects of dock
layout, for docks that are either: (a) perpendicular to the shoreline; or (b) parallel to it.

Anchored docks are a complex case as many scenarios are possible. To avoid undue
complexity, anchored docks were not covered explicitly in the Ice Guideline except to state that
the anchors and mooring system must be adequate to withstand the horizontal and vertical ice
loads on the deck or walkway, as given in subsequent sections.

2.2 Geographic Region

The Ice Guideline’s area of jurisdiction extends from the mouth of the Thames River up to
Communication Road, which is near the eastern city boundary for Chatham. Furthermore, the
Ice Guideline’s area of jurisdiction is limited to the lower Thames River itself, and it excludes the
tributaries (i.e., various creeks and canals) that feed into the river.

2.3 Dikes

Dikes are a very important consideration as about half of the river shoreline in the area of
jurisdiction for the Ice Guideline is diked. Most of the dikes are along the shore although some
are up to about 100 m back. The LTVCA does not want to have any construction on dikes (M.

Peacock, LTVCA, personal communication). Dikes are out-of-scope for the Ice Guideline as they
will be covered by policy (M. Peacock, LTVCA, personal communication).

3.0 Ice Design Criteria and Ice Loading Scenarios

3.1 Ice Design Criteria

The following ice design criteria were established:
(a) Ice thickness: 0.6m
(b) Ice effective strength, for calculation of ice impact loads from level ice sheets, within the
context of the Canadian Highway Bridge Design Code (CSA S6-19; CSA, 2019): 1100 kPa

3.2 Ice Loading Scenarios

The dock components in contact with the ice may vary as usually, the water level is elevated at
the time of anice run. Three cases are possible as follows:

(a) The water level is low enough that the ice only contacts the piles beneath the deck.

(b) The water level is high enough that the ice only contacts the deck.
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(c) The water level is in an intermediate range where the ice contacts both the deck and
piles.

Ice loads must be considered for all three cases. Horizontal and vertical ice forces will be
exerted on the components of the dock in contact with the ice, by various loading scenarios as
summarized in Table 3.1.

Table 3.1: Ice Loading Scenarios

Dock Loading Ice Loading Scenario
Component | Type Impact by Large Sheet | Water Level | Ice Jamming
Ice Pan Change
Pile Horizontal | Potential load case Not relevant Potential load case
Vertical Not relevant Potential load case | Not relevant
Deck Horizontal | Potential load case Not relevant Potential load case
Vertical Not relevant Potential load case | Potential load case
4.0 Horizontal Ice Loads

4.1 Calculating Unfactored Horizontal Ice Loads

4.1.1 Overview of the Calculation Process

The analyses must start by assessing the elevation of the dock with respect to water level, as
this affects which dock components will be exposed to ice. This will vary as the water level is
typically elevated at the time of anice run. Ice loads must be considered for all possible cases.

First, the horizontal loads acting on the various individual dock components in contact with the
ice must be calculated using the recommended approaches (Table 4.1). For some cases (e.g.,
horizontal ice loads on a pile or crib — Table 3.1), ice loads may get generated by more than one
scenario. Ice loads must be calculated for all relevant ice loading scenarios; and the governing
one must be taken as the one that produces the highest ice loads. Note that, for all the cases
listed in Table 3.1 for horizontal loadings, the different scenarios may or may not occur at the
same time, as described subsequently.

The individual horizontal ice loads should then be summed as appropriate taking into account
the specific dock geometry and the water surface elevation.

Then, horizontal ice forces should be evaluated for the range of loading directions that is
physically possible, as governed by the geometry of the river and the dock. The structure’s
structural integrity must be checked for all possible loading directions.
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Finally, stress concentrations should be evaluated for corners and sharp changes in dock layout,
such as at the joint between the walkway and deck of a dock. The dock must have adequate
structural integrity to resist all possible stress concentrations.

Table 4.1: Recommended Approach for Horizontal Ice Loads on Individual Dock Components

Dock Loading Ice Loading Scenario and Recommended Calculation Approach
Component Type |Impact by Sheet Ice Water Level Change |lce Jamming
Pile or Crib Horizontal [As per Section 4.3 and 4.4 |Not relevant As per Section 4.2
Deck or Walkway |Horizonta| |As per Section 4.3 and 4.4 |Not relevant |As per Section 4.2
Abutment |Horizonta| |As per Section 4.3 and 4.4 |Not relevant |As per Section 4.2

4.1.2 Application Notes

The following notes are applicable to all cases related to horizontal ice loads.

(a) As discussed in section 5, vertical ice loads will also get exerted on the dock. The
vertical and horizontal loads may or may not act at the same time as summarized below.

a. Horizontal loads produced by ice impacts — these will not occur at the same time
as the vertical loads produced by any of the mechanisms considered here.
Hence, a combined case with both vertical and horizontal ice loads does not
need to be included in the ice design criteria for this case.

b. Horizontal and vertical loads produced by pack ice or ice jamming — these may
occur at the same time. Hence, a combined case for these loads must be
included in the ice design criteria.

c. Horizontal loads produced by ice jamming and vertical loads produced by water
level changes — these will not occur at the same time. Hence, a combined case
for these loads need not be included in the ice design criteria for this case.

(b) The horizontal loads defined for all cases are unfactored. Load factors or safety factors
must be applied to them within the context of the design basis being used.

(c) The dock’s design should be in conformance with the National Building Code of Canada.

(d) Various components of the dock may be contacted by the ice (e.g., only the deck and a
walkway if present; only the supports to the deck such as piles or cribs, and; a
combination of the two). The dock must provide adequate structural integrity against
horizontal ice loads for all possible cases. For the case where both the deck and the
piles are contacted by the ice, the dock’s structural integrity for horizontal ice loads
must be checked for the case where the respective horizontal ice loads are exerted on
each of the individual dock components (i.e., piles only and deck only).

(e) Horizontal ice forces shall be applied as a line load acting uniformly over the full width
of contact between the ice and the pile or deck, or both, depending on the case being
considered. Note that the ice load for the deck or walkway reduces with the loaded
width (Section 4.3). Ice loads must be considered as follows:
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(f)

(g)

a. Deck or walkway — The deck’s structural integrity must be checked for all
possible loading widths. Furthermore, the location of the most severe ice load
(corresponding to a low loaded width) may occur at any point along the length of
the dock face or the walkway if present. The dock’s structural integrity must be
checked for all possible cases.

b. Pile or cribs — The number of piles loaded during an ice impact may vary from
only one, to all of those potentially in contact with the ice. The dock’s structural
integrity must be checked for all possible cases.

c. Abutment - The abutment’s structural integrity must be checked for all possible
loading widths. Furthermore, the location of the most severe ice load
(corresponding to a low loaded width) may occur at any point along the length of
the abutment. Its structural integrity must be checked for all possible cases.

For a dock with multiple components (e.g., a deck and a walkway), horizontal loads may
act on either structure at the same time. The possible cases range from only one of the
structures being loaded to all structures being loaded at the same time. The dock’s
structural integrity must be checked for all possible cases.

Horizontal ice forces may be exerted from any direction that is physically possible, as
governed by the geometry of the river and the dock. The structure’s structural integrity
must be checked for all possible loading directions. For an ice-dock contact oriented at
an angle to the dock’s longitudinal axis, horizontal ice loads should be resolved into
components acting simultaneously that are normal to, and parallel to, the dock face.
The deck’s structural integrity must be checked for all possible loading directions.

(h) The ice line load should be presumed to act one third of the ice thickness below the

(i)

4.2

water level. Because the water surface elevation can vary, all possible cases must be
checked.

Stress concentrations will occur at offshore corners of the dock, as well as at sharp
changes in geometry such as at the joint between a deck and the walkway. The dock
must have adequate structural integrity to resist all possible stress concentrations.

Horizontal Ice Loads Produced by Ice Jamming

It is recommended that ice jamming forces be calculated based on the Canadian Highway
Bridge Design Code (CSA S6-19; CSA, 2019). Horizontal ice jamming forces on docks in the
lower Thames River should be calculated by presuming that an ice pressure of 10 kPa acts on all
structure surfaces exposed to the ice jam.

4.3

Horizontal Ice Loads Produced from Impacts by Sheet Ice

43.1

The Calculation Approach in the Canadian Highway Bridge Design Code (CSA S6)

It is recommended that ice impact forces be calculated based on the Canadian Highway Bridge
Design Code (CSA S6-19; CSA, 2019). Key aspects of the calculation process in CSA S6-19 are
summarized in Table 4.2. The reader should refer to the Code for detailed evaluations.
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Firstly, the engineer is required to calculate the ice force resulting from: (a) ice bending failure,
Fb; (b) ice crushing failure, Fc, and; (c) the transition between the bending and crushing force,
Foe. The ice force, F, is determined based on the fact that ice loads will be governed by the
failure process leading to the lowest loads. The logic for determining the governing ice load
case is also shown in Table 4.2.

Table 4.2: Summary of the Key Components in CSA S6 for Calculating Ice Impact Loads

ltem Approach

Ice load due to | F,=Cyot? [4.1]
bending failure, Fo | where: C,=0.5 tan (o + 15°)

a = the angle between the pier face and the horizontal

o =the ice strength, which is to be selected from the values below

Ice load due to | F.=Ciotw [4.2]
crushing failure, Fc | where: C, = aspect ratio coefficient = [(5t/w) + 1]°°

w = the pier width

t =ice thickness

lce  bending to | Fuc=[(Cn+ V66)/72] ow? (4.3]
crushing
transition, Fyc

Ice strength,

3.12.2.1 Effective ice strength

Unless more precise data is available, the following values for the effective crushing strength of ice, p, shall

be used:

(a) the ice breaks up at melting temperature and is substantially disintegrated: 400 kPa;

(b) the ice breaks up at melting temperature and is somewhat disintegrated: 700 kPa;

(c) the ice breaks up or ice movement occurs at melting temperature and is internally sound and moving
in large pieces: 1100 kPa; and

(d) the ice breaks up or ice movement occurs at temperatures considerably below the melting point or
the ice: 1500 kPa.

Governing ice | e Ice crushing load <= ice bending force: F = F,
load, F e Ice crushing load > ice bending force:

o ifFpe>=F, F=F.

o ifFpe<= Fy, F=Fp

o ich>Fbc>Fb, F=Fbc

Because CSA S6 was developed for application to highway bridges, not all of it is considered to
be applicable to docks in the lower Thames River. The ice-related procedures in CSA S6 related
to Design Cases 1 and 2, non-aligned piers, and small streams are considered to be inapplicable.

4.3.2 Recommended Ice Design Criteria for Calculating Sheet Ice Impact Loads

The following values are recommended for the ice properties, for calculating ice impact loads
on docks in the lower Thames River using the algorithms in CSA S6:

(a) Ice thickness, t: 0.6m

(b) Effective ice crushing strength, ¢: 1100 kPa
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4.4 Corners

More severe ice actions will occur if the deck has abrupt changes in geometry, such as offshore
“corners” protruding from the river shoreline; or at the joint between a walkway and deck.
More severe ice action will occur in these locations over distances that are 0.6m or less away
from the corner points for any exposed corners, or from abrupt changes in geometry. The line
load for the corner sections affected by stress concentrations should be taken as three times
the line load calculated using equations 4.1 to 4.3.

5.0 Vertical Ice Loads

5.1 The Process for Calculating Unfactored Vertical Ice Loads

5.1.1 Overview of the Calculation Process

The analyses must start by assessing the elevation of the dock above water level, as this affects
which dock components will be in contact with the ice. This will vary as the water level is
typically elevated at the time of an ice run. Ice loads must be considered for all possible cases.

Vertical ice forces will be exerted on the components of the dock in contact with the ice, by
various loading scenarios. For some cases, vertical ice loads may get produced by more than
one scenario (e.g., vertical loads on the deck or walkway, or an abutment — Table 3.1). For
these cases, the vertical loads produced by each ice loading scenario must be determined using
the approaches in Table 5.1; and the governing load must be selected as follows.

Table 5.1: Recommended Approaches for Vertical Ice Loads on Individual Dock Components

Dock Loading | Ice Loading Scenario and Recommended Calculation Approach
Component Type |Impact by Sheet Ice |Water Level Change |Ice Jamming
Pile or Crib Vertical Not relevant As per Section 5.3  |Not relevant
Deck or Walkway |Vertica| |Not relevant |As per Section 5.4 |As per Section 5.5
Abutment |Vertica| |Not relevant |As per Section 5.4 |As per Section 5.5

The structural integrity of either a deck and walkway, or an abutment, must be checked for
both ice loading scenarios as they apply different loadings. Vertical loads from water level
changes are distributed uniformly around the perimeter of the structure that is in contact with
the ice. However, the loads due to ice jamming are only exerted on the faces that are in
contact with the moving ice in the river (e.g., the faces upstream or along the length of the
river), which has the potential to cause the deck or walkway, or the abutment, to be rotated or
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lifted off its supports. As a result, the vertical loads due to ice jamming must only be applied to
the faces that are upstream or along the length of the structure in contact with the ice.

Note that, for all the cases listed in Table 5.1, the different ice loading scenarios may or may not
occur at the same time, as described subsequently.

The individual vertical ice loads should then be summed as appropriate taking into account the
specific dock geometry and the water surface elevation.

Then, vertical ice forces should be evaluated for the range of loading directions that is
physically possible, as governed by the geometry of the river and the dock. The structure’s
structural integrity must be checked for all possible loading directions.

5.1.2 Application Notes

The following notes are applicable to all cases related to vertical ice loads.

(a) As discussed in section 4, horizontal ice loads will also get exerted on the dock. The
vertical and horizontal loads may or may not act at the same time as summarized below.

a. Horizontal loads produced by ice impacts — these will not occur at the same time
as the vertical loads produced by any of the mechanisms considered here.
Hence, a combined case with both vertical and horizontal ice loads does not
need to be included in the ice design criteria for this case.

b. Horizontal and vertical loads produced by pack ice or ice jamming — these may
occur at the same time. Hence, a combined case for these loads must be
included in the ice design criteria.

c. Horizontal loads produced by ice jamming and vertical loads produced by water
level changes — these will not occur at the same time. Hence, a combined case
for these loads need not be included in the ice design criteria for this case.

(b) The vertical loads defined for all cases are unfactored. Load factors or safety factors
must be applied to them within the context of the design basis being used.

(c) The dock’s design should be in conformance with the National Building Code of Canada.

(d) Vertical loads may act either downwards or upwards. The deck’s structural integrity
must be checked for both loading directions.

(e) Various components of the dock may be contacted by the ice (e.g., the deck or walkway
only; the piles or cribs only; or a combination of the two). The dock must provide
adequate structural integrity against vertical ice loads for all possible cases. For the case
where both the deck and the piles are contacted by the ice, the dock’s structural
integrity for vertical ice loads must be checked for the case where the respective vertical
loads are exerted on each of the individual dock components (i.e., piles only and deck
only).

(f) Vertical ice forces for a pile or crib — Vertical ice forces shall be applied as a line load
acting uniformly over the full circumference of the pile. The number of piles loaded may
vary from only one, to all of those potentially in contact with the ice. The dock’s
structural integrity must be checked for all possible cases.

10
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5.2

(g) Vertical ice forces for a deck or walkway; or an abutment — the load application shall
vary depending on the scenario producing vertical loads, as follows:

a.

Vertical loads produced by water level changes — Vertical ice forces shall be
applied as a line load acting uniformly over the perimeter of contact between
the ice and the deck or walkway. The deck’s structural integrity must be checked
for all possible loading widths, ranging from as low as 3m to the full length of the
dock face. Furthermore, the location for a low loaded width (such as 3m) may
occur at any point along the length of the dock face. The dock’s structural
integrity must be checked for all possible cases.

Vertical loads produced by ice jamming — Vertical ice forces shall only be applied
on the faces of the structure the faces that are in contact with the moving ice in
the river (i.e., facing upstream or along the length of the river). Thus, they have
the potential to cause lifting or rotation of the deck or walkway; or abutment.
The following shall be done:

i. Vertical loads shall be applied as a line load acting uniformly over various
lengths up to the full length or width of the structure that is in contact
with the moving ice in the river (e.g., the faces upstream or along the
length of the river). The abutment’s structural integrity must be checked
for all possible loading widths, ranging from as low as 3m to the full
length of the abutment face. Furthermore, the location for a low loaded
width (such as 3m) may occur at any point along the length of the
abutment. The abutment’s structural integrity must be checked for all
possible cases.

ii. For a dock with multiple components (e.g., a deck and a walkway), the
number of structures loaded may vary from only one, to all of those
potentially in contact with the ice. The dock’s structural integrity must be
checked for all possible cases.

Unfactored Uplift Forces on a Single Pile or Structure

5.2.1 Single Vertical Cylindrical Pile

For a vertical cylindrical pile, the unfactored uplift force on a single pile, Pupitt, shall be
calculated as follows:

Puplift = T*Ac [5.1]
where:

Ac =the area of the ice in contact with the pile, defined as: Kpustie T dh [5.2]
T = the ice failure stress, as defined in equation [5.3]

Koustte = an empirical factor to account for the effect of an ice bustle at the pile (Table 5.2)

d = the pile diameter

h =the ice thickness. For docks in the lower Thames River, “h” shall be taken as 0.6m.
T = a numerical constant, to be taken as 3.1416

11
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The ice failure stress, T, shall be calculated as follows:

T, kPa = Ksurface * 300/(d/h)06 [53]
where:
T =the ice failure stress, in kPa

Ksurface = an empirical factor to account for a surface coating on the pile, as defined in Table 5.2

Table 5.2: Recommended Ice Bustle and Surface Factors

Pile Material Kbustle Ksurface
Bare Solid Wood 1.0 1.0
Solid Wood with a low-friction surface coating (notes 2 and 3) 1.0 0.5
Bare Solid Concrete 1.0 1.0
Solid Concrete with a low-friction surface coating (notes 2 and 3) 1.0 0.5
Bare Steel Cylinder filled with air inside it 2.0 1.0
Bare Steel Cylinder filled with insulation inside it (note 1) 1.4 1.0
Bare Steel Cylinder filled with concrete 1.7 1.0
Hollow Steel Cylinder filled with air, and with a low-friction surface | 1.0 0.5
coating (notes 2 and 3)

PVC Cylinder filled with air inside it 2.0 0.2
Polyethylene Cylinder filled with air inside it 2.0 0.2
Notes:

1. The insulation inside the steel cylinder must have a thermal conductivity equal to or less than
that for vermiculite.

2. The ice-coating adhesion strength must be no more than that for an ice-Inerta 160 bond.

3. The low-friction coating must remain on the pile over the design life of the pile.

5.2.2 Single Non-Cylindrical Pile

For a non-cylindrical vertical pile, the unfactored uplift force on a single pile, Pypiit, shall be
calculated using equations [5.1] to [5.3] with the following changes:

“d”  “d” shall be defined as the equivalent diameter [xy/0.257]°> where x and y are the
length and width of the pile’s cross-section at the waterline respectively.
“A”  “A” shall be determined as: 2*(x+y) * Kpustie * h

5.2.3 Single Rectangular Crib

The unfactored uplift force on a single vertical rectangular crib, Pypir;, shall be calculated using
equations [5.1] to [5.3] with the following changes:

“d”  “d” shall be defined as the equivalent diameter [xy/0.257]>> where x and y are the
length and width of the crib’s cross-section at the waterline respectively.
“A”  “A” shall be determined as: 2*(x+y) * Kpustie * h

12
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5.2.4 Group of Vertical Piles or Cribs

The unfactored uplift force on individual piles or cribs within a group shall be taken to be equal
to the uplift force determined using equations [5.1] to [5.3] for single isolated piles or cribs.

The maximum total uplift force, Upliftiotal, shall be determined as follows.

Upliftiotal = # of piles or cribs * Pypiitt (5.4]
where:

# of piles or cribs = the number of individual piles or cribs in the group

Puwiift = the uplift force for a single pile or crib determined using equations [5.1] to [5.3]

For groups of piles, vertical loads may act on a number of the piles at the same time. The
possible cases range from only one of the piles being loaded to all piles being loaded at the
same time. The dock’s structural integrity must be checked for all possible cases.

5.2.5 Application Notes

The following notes are applicable to all cases in section 5.2.

(a) The loads and stresses defined for all cases above are unfactored. Load factors or safety
factors must be applied to them within the context of the design basis being used.

(b) Uplift forces shall be applied as a line load, defined as the total uplift force divided by
the circumference or perimeter of the pile or crib respectively.

(c) Uplift forces may act vertically in a direction that is either upwards or downwards. The
pile’s structural integrity must be checked for both loading directions.

(d) For groups of piles or cribs, vertical loads may act on a number of the piles or cribs at
the same time. The possible cases range from only one of the structures being loaded
to all of them being loaded at the same time. The dock’s structural integrity must be
checked for all possible cases.

(e) For cases in which treatments are done to the pile or crib to lower the ice uplift forces,
as illustrated by the examples below, the dock proponent must demonstrate that the
treatment will be effective over the design life of the pile or crib.

a. Filling the pile’s interior with insulation.
b. Applying a low-friction coating to the surface of the pile or crib.

5.3 Uplift Forces Exerted by Water Level Changes on a Deck or an Abutment

5.3.1 Ice Uplift Forces on a Deck, Walkway or Abutment due to a Rise in Water Level

Similar to the uplift forces on a pile or crib, this loading originates from water level changes,
with the structure being solidly frozen into the ice. However, because a deck or abutment is a
much larger structure compared to a pile, the ice loading process is different in that radial and
circumferential cracking are the dominant mechanisms.

13
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This case is analogous to the vertical loads exerted on a bridge pier due to ice adhesion (as the
size of a bridge pier is in the same range as that for a dock’s deck). This is covered in CSA S6-19
which states that the vertical force due to water level fluctuations, Fy, on a pier frozen to an ice
formation shall be calculated as follows:

(a) Forcircular piers:

F. (in kN) = 1250t2 * (1.05 + 0.13R/t%75) [5.5]

(b) For oblong piers:

Fv (in kN) = 15L, t12° + 1250t2 * (1.05 + 0.13R/t%7°) [5.6]
where:
t =the ice thickness
R = radius of a circular pier, m; radius of half-circles at the ends of an oblong pier, m;

radius of a circle that circumscribes each end of an oblong pier whose ends are not
circular in plan at water level, m.
Lp = perimeter of an oblong pier, excluding half-circles at the ends, m

5.3.2 Application Notes

The following notes are applicable to all cases in section 5.3.

(a) The loads and stresses defined for all cases above are unfactored. Load factors or safety
factors must be applied to them within the context of the design basis being used.

(b) Uplift forces shall be applied as a line load acting uniformly over the full length of
contact between the ice and the abutment or deck. The uplift line load shall be
calculated as the total uplift force (i.e., Fv) divided by the total dock perimeter that is in
contact with the ice.

(c) Uplift forces may act vertically in a direction that is either upwards or downwards. The
structure’s structural integrity must be checked for both loading directions.

(d) For a dock with a deck and a walkway, vertical loads may act on either structure at the
same time. The possible cases range from only one of the structures being loaded to all
structures being loaded at the same time. The dock’s structural integrity must be
checked for all possible cases.

5.4 Uplift Forces Produced by Ice Packing in Under the Deck

5.4.1 Process Description and Recommended Calculation Approach

During an ice run, ice may “pack in” under the deck of a dock, thereby creating uplift forces.
The vertical force will most likely be controlled by the strength of the rubble and the loading
mechanism. Two force components must be defined to calculate the vertical ice loads for this
case:

14



G. Comfort Ice Engineering Ltd. Ice Guideline for Docks FR

(a) The horizontal force exerted by the pack ice, and then;
(b) The component of the horizontal force that is exerted vertically.

It is recommended that the load to fail the rubble be determined using recommendations in the
Canadian Highway Bridge Design code (i.e., CSA S6 — 19), which specifies a pressure due to ice
jams of 10 kPa for openings of 30m or less. The horizontal line load is calculated as follows:

HRubble Line Load = q *d [57]
where:

HRrubble Line Load = the rubble line load, in kN/m

q =the rubble ice pressure, to be taken as 10 kPa

d =the water depth, in m

The vertical load exerted on a deck may be determined presuming that a planar failure plane is
produced in the rubble. Algorithms in ISO 19906 (ISO, 2010; 2018) are available to resolve the
vertical line load, Vrubble Line Load, fOr this case as follows:

VRubble Line Load = HRubble Line Load/ & [58]
& = (sin o + pcos a)/(cos a. - usin o) [5.9]
where:

o =the angle of the failure plane, recommended as 45° here

1) = the friction factor along the failure plane, recommended as 0.2 here

5.4.2 Recommended Inputs: The Strength of the Rubble and Other Key Ice Properties

The following recommendations are made:
(a) Failure of the ice rubble through the creation a slip plane: the rubble load should be
calculated using a horizontal pressure of 10 kPa as given in CSA S6-19.
(b) Shape of the failure plane: it should be considered to be planar with an angle of 45°
(c) Friction along the failure plane, for resolving vertical and horizontal forces: this should
be taken as 0.2.
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6.0 Criteria Related to Ice Jamming

6.1 Introduction

The recommendations here provide qualitative assessments of a dock’s potential to exacerbate
ice jamming. They are based primarily on the LTVCA’s practical experience in this area.

6.2 Preliminary Recommendations

The LTVCA’s experience to date must be interpreted with care, because the available
information is inadequate to allow firm conclusions. Nevertheless, the LTVCA’s experience
does provide useful insights regarding the likely effect of a dock on ice jamming. However, the
LTVCA is cautioned that this is a very complex issue; and that the state-of-the-art is subject to
many uncertainties. As a result, it is not possible to establish firm reliable guidelines.

As an overall recommendation, the LTVCA should recognize that the recommendations below
are tentative. It should continue to monitor docks in the river and update these
recommendations as appropriate.

The following preliminary recommendations are made:

(a) The LTVCA should develop separate policy for docks that are:
a. On astraight section of the river; or
b. On aninside bend of the river; or
c. Onan outside bend of the river

(b) Docks on a straight section of the river:
a. The offshore length of a dock should not exceed 3m.
b. Docks should not be allowed that are across the river from each other unless the
dock proponent can demonstrate that the proposed dock will not affect ice
jamming.

(c) Docks on an inside bend of the river:
a. The offshore length of a dock should not exceed 3m.

(d) Docks on an outside bend of the river;
a. Permanent docks should not be allowed on the outside bend of the river.
b. In the event that a dock is proposed for the outside bend of the river, it should
be incumbent on the dock proponent to demonstrate that the proposed dock
will not affect ice jamming.
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7.0

Recommendations Regarding Ice Monitoring

The recommendations fall into two general categories:

(a)
(b)

7.1

Observations and monitoring that would lead to an improvement in this Ice Guideline.
The type of analyses that are required to ensure that a proposed dock meets the ice
load criteria set out in this Guideline.

Field Monitoring to Optimize this Ice Guideline

The following field observations would help to improve this Guideline.

(a)

(b)
(c)

7.2

Dock damage record — a record should be kept of all damages suffered by docks,
especially ones that are ice-related. The record should include: (i) the location and type
of dock damage that occurred, and; (ii) the type of dock that was damaged. Recognizing
that it may be difficult to obtain a dock damage record in practice, it is suggested, that
drone surveys be done each year before and after the ice season as an alternative.
Impact of docks on ice jamming — records and notes should be kept regarding any
impact that docks may have had on ice jams that occurred.

Ice interaction with docks — it is suggested that photos be taken during the normal
course of monitoring operations (of which there is an extensive record of photos and
videos so far), that are aimed at showing the fate and behaviour of docks during ice
runs.

Structural Analyses for Docks

Ice loads are specified in this Guideline. To be effective, dock proponents must be required to
demonstrate that their proposed dock is safe for the prescribed ice loadings. Of course, this
can be evaluated using various methods that vary in complexity.

For maximum flexibility, it is believed that the LTVCA should not specify the type of analysis
that must be done, other than to require the following:

(a)

The analyses must be in conformance with the Canadian National Building Code.

(b) The analyses must be stamped by a professional engineer licensed to practice in

Ontario.
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8.0

[1]

[2]

[3]

[4]

References

Comfort, G., 2021, Ice Guideline for Docks in the Lower Thames River — Technical
Background, report 173-1 submitted by G Comfort Ice Engineering Ltd. to the Lower
Thames River Conservation Authority.

CSA, 2019, Canadian Highway Bridge Design Code S6-19, Canadian Standards
Association, Rexdale, ON.

ISO, 2010, Petroleum and Natural Gas Industries — Arctic Offshore Structures, International
Standards Organization ISO/DIS 19906.

ISO, 2018, Petroleum and Natural Gas Industries — Arctic Offshore Structures, International

Standards Organization 1SO/DIS 19906, update at Final Draft International Standard (FDIS)
stage.

18



