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Executive Summary

ISL Engineering and Land Services Ltd. was retained by the Village of Lions Bay to carry out a load capacity
evaluation of the eight (8) Village owned bridges within its municipal boundaries. Six (6) bridges that cross
Alberta Creek were constructed in 1986. The construction date of two (2) bridges across Harvey Creek are
unknown. The bridges live load conditions were examined using the CL 625 loading in travel lanes as required by
the Canadian Highway Bridge Design Code (CAN/CSA S6-14).

This report describes the evaluation assumptions, criteria and methodology, and summarizes the Live Load
Capacity Factor (LLCF) results in tables for all eight bridges. LLCF values greater than 1.0 indicate the sufficient
capacity to support the applied loads. The findings show that bridge B6 Bayview Road Bridge over Alberta Creek
has insufficient capacity in the timber decking to carry the live load models under consideration, with a minimum
LLCF of 0.63 due to moment. ISL recommends a reduced vehicle load of 22t be posted on this bridge. The
remaining seven bridges have LLCF values greater than one (1.0) and have sufficient capacity to carry the live
load models under consideration.
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1.0
Background

1.1 Terms of Conditions

In September 2017, the Village of Lions Bay (Village) commissioned ISL Engineering Ltd. to evaluate the main
structural components of eight (8) Village owned bridges to the requirements of Canadian Highway Bridge Design
Code (CHBDC) CSA-S6-14.

The evaluation consists of the following:

e Evaluate main structural components in accordance with Canadian Highway Bridge Design Code (CHBDC)
CAN/CSA S6-14 Section 14 using Ultimate Limit States methods, and with the relevant provisions of MoT
Bridge Standards and Procedures Manual Volume 1 Supplement to the CHBDC S6-14 (October 2016).

e Evaluate precast concrete box stringer shear and moment capacity (Bridges 1,2,3,4,5,7).

e Evaluate cast-in-place concrete slab shear and moment capacity (Bridge 8).

e Evaluate structural steel girder shear and moment capacity (Bridge 6).

o Evaluate timber beam shear and moment capacity (Bridge 6).

¢ Apply load reductions applied in accordance with CHBDC Table 14.3 and 14.4.

e Consider all structures to be one design lanes wide except for Bridges 4 & 5, which are two design lanes wide.
¢ Use a sophisticated method of analysis for this structure using finite element modeling of the structure.

e Use Inspection Category INSP3 — ISL inspected all critical components.

e Rating of concrete decks is not required as they are not a critical member.

e Fatigue analysis is not required for the concrete structures.

1.2 Analysis

ISL has used a sophisticated method of analysis to determine the lateral load distribution to various stringer lines
as recommended by CHBDC Clause 14.11.3. Based upon this analysis, the following recommendations were
made:

e Multiple lane loading shall be in accordance with Clause 14.9.4.
¢ “Other highway traffic” shall be based on CL1-625 loading as specified in Clause 14.9.4.3.
e The number of design lanes shall be the number of current operating lanes as per Clause 14.9.4.1.

¢ All load combinations shall include modification factors for multi-lane loading in accordance with Cl. 14.9.4.2
and Clause 14.9.4.3.

For single lane bridges, the load cases investigated can be summarized as follows:

e CL1-625 loading travelling down the centerline off the bridge
e CL1-625 loading travelling adjacent to the curb, with full sidewalk loading

For two lane bridges, the load cases investigated can be summarized as follows:

e CL1-625 loading in one design lane with no other traffic on the bridge

e CL1-625 loading in both design lanes (the combination of the CL1-625 truck and lane loading were used in
both directions to capture the worst influence)

All directions and traffic combinations were investigated during the analysis.
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1.3 Bridge Descriptions and Condition Inspections
The eight (8) bridges included in the load capacity evaluation are listed in Table 1.3. A map showing the location
of the bridges is shown on Figure 1

Table 1.1: Village of Lions Bay Bridges
B1. Lions Bay Avenue Bridge over Harvey Creek

B2. Isleview Place Bridge over Alberta Creek (Lower)

B3. Isleview Place Bridge over Alberta Creek (Upper)

B4. Cross Creek Road Bridge over Harvey Creek

B5. Bayview Road Bridge over Alberta Creek

B6. Bayview Road Bridge (Driveway Access) over Alberta Creek

B7. Bayview Place Bridge over Alberta Creek

B8. Lions Bay Avenue Bridge over Alberta Creek (Driveway Access)

Figure 1: Location of Village of Lions Bay bridges

The posted speed limit on roads within the municipality is 40km/h. Bridge drawings were available for the bridges
crossing Alberta Creek. For the bridges crossing Harvey Creek, standard precast box stringers of the era were
assumed for this analysis.

Descriptions of each bridge and a summary of the 2017 inspection findings are detailed below.

1.3.1 B1 - Lions Bay Avenue Bridge over Harvey Creek

The Lions Bay Avenue Bridge over Harvey Creek was constructed in 1985. The bridge spans 18.9m across
Harvey Creek and is a 3-span continuous structure with cast in place concrete deck with asphalt wearing surface,
CIP concrete beams and pier columns. The concrete beams are 600mm wide by 750mm deep. Timber railings
with steel angle posts are installed on each side of the bridge. There are 200mm diameter (casing) piping
installed on both sides of the bridge hung 500mm below the concrete deck.
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Photos of the bridge and sketches of the layout or general arrangement of the bridge and cross section are shown

below.
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Figure 3: Lions Bay Avenue Bridge Over Harvey Creek — Section

The 2017 inspection showed that the bridge superstructure was in generally good condition. There was minor
delamination and spalling on the deck soffit and girders. However, there is evidence of severe scour at the
abutments. The railings are in good condition with some localized corrosion in the posts. The timber railings have
minor splits and checks throughout. Minor delamination was found at the NE end of the concrete curb. Based on
the condition of the bridge, no reduction in capacity of the concrete beams were assumed in the analysis.

1.3.2 B2 -Isleview Place Bridge over Alberta Creek (Lower Creek)

The Lower Isleview Place Bridge over Alberta Creek was constructed in 1986. The bridge is a single span (18m)
structure with 3.6m roadway and 900mm wide curb on the west side and a 2000mm wide sidewalk on the east
side. The bridge has a 6.8% grade sloping down from the North abutment as well as a 2% East to West crossfall.
The bridge consists of four precast concrete box stringers with cast in place concrete curb, sidewalk and
abutments. The precast girders are 1194mm wide by 700mm deep. Aluminum railings are installed on each side
of the bridge. A 150mm diameter pipe is hung underneath the sidewalk.

Photos of the bridge and sketches of the layout or general arrangement of the bridge and cross section are shown
below.
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Figure 5: Isleview Place Bridge over Alberta Creek (Lower) — Section

The 2017 inspection showed that the bridge is in good condition. No defects were noted on the precast girders.
No evidence of scour was noted. Light scaling and minor spalling was noted on the asphalt wearing surface.
There are transverse cracks with efflorescence on the underside of the sidewalk and curb. The railings are in
good condition but with some rusty and loose bolts. There is vegetation growth in the channel. Based on the
condition of the bridge, no reduction in capacity of the precast concrete box girders were assumed in the analysis.

1.3.3 B3 -Isleview Place Bridge over Alberta Creek (Upper Creek)

The Upper Isleview Place Bridge over Alberta Creek is similar to the Lower Isleview Place Bridge and was
constructed in 1986. The bridge is a single span (18m) structure with a 3.6m roadway, a 900mm wide curb on the
west side, and a 2000mm wide sidewalk on the east side. The bridge has a 5.5% grade sloping down from the
South abutment as well as a 2% East to West crossfall. The bridge consists of four precast concrete box stringers
with cast in place concrete curb, sidewalk and abutments. The precast girders are 1194mm wide by 700mm deep.
Aluminum railings are installed on each side of the bridge. A 150mm diameter pipe is hung underneath the
sidewalk.
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Photos of the bridge and sketches of the layout or general arrangement of the bridge and cross section are shown
below.
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Figure 7: Isleview Place Bridge over Alberta Creek (Upper) — Section

The 2017 inspection showed that the bridge is in good condition. Light spalling was noted on precast girders G1
and G3. There are signs of active leaking between the precast girders at the South end. Minor scour was noted in
front of the abutments. Light scaling and minor spalling was noted on the concrete deck and curbs. There are
transverse cracks with efflorescence on the underside of the sidewalk and curb. The aluminum railings (four rail
type) are in good condition but with some rusty or missing bolts. There is vegetation growth in the channel.

Based on the condition of the bridge, no reduction in capacity of the precast concrete box girders were assumed
in the analysis.

1.3.4 B4 - Cross Creek Road Bridge over Harvey Creek

The Cross Creek Road Bridge over Harvey Creek was constructed in 1986. The bridge is a single span (20m)
structure with a 7.4m roadway, a 850mm wide curb on the east side, and a 1950mm wide sidewalk on the west
side. The bridge consists of eight precast concrete box stringers with cast in place concrete curb, sidewalk and
abutments. The precast girders are 1194mm wide by 700mm deep. Aluminum railings are installed on each side
of the bridge. A 300mm diameter (casing) pipe is suspended under the curb on the East side.
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Photos of the bridge and sketches of the layout or general arrangement of the bridge and cross section are shown

below.
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Figure 9: Cross Creek Road Bridge over Harvey Creek — Section

The 2017 inspection showed that the bridge in good condition. Light spalling was noted on precast girders. In
addition, there was evidence of leaking between girders G5 and G6, G7 and G8 and at the south end of all
girders. There was no evidence of scour. Light scaling and hairline cracks were visible on the abutments and wing
walls, with severe delamination at the south abutment under girder G6. There are transverse cracks with
efflorescence on the underside of the sidewalk and curb. A 2mm wide crack is visible along the length of the
bridge in the asphalt wearing surface, corresponding to water stains on the girder below. The four rail aluminum
railings are in good condition. There is vegetation growth in the channel. Based on the condition of the bridge, no
reduction in capacity of the precast concrete box girders were assumed in the analysis.

1.3.5 B5 - Bayview Road Bridge over Alberta Creek

The Bayview Road Bridge over Alberta Creek was constructed in 1986. The bridge is a single span (18m)
structure with a 7.2m roadway, a 900mm wide curb on the west side, and a 2000mm wide sidewalk on the east
side. The bridge has an 8.98% grade sloping down from the South abutment as well as a 2% East to West
crossfall. The bridge consists of seven precast concrete box stringers with cast in place concrete curb, sidewalk
and abutments. The precast girders are 1194mm wide by 700mm deep. Aluminum railings are installed on each
side of the bridge. A 150mm diameter pipe is hung underneath the sidewalk.

¢ [oQM .

Project No. 31935
CERTIFIED

Page 11



y & 8] Engineering Bridge Load Capacity Evaluations
R Seces Village of Lions Bay — FINAL Report

Inspiring sustainable thinking

Photos of the bridge and sketches of the layout or general arrangement of the bridge and cross section are shown
below.
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Figure 10: Bayview Road Bridge over Alberta Creek — Plan
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Figure 11: Bayview Road Bridge over Alberta Creek — Section

The 2017 inspection showed that the bridge in good condition. There was evidence of leaking between girders G3
and G4 and G5 and G6. There was no evidence of scour. Light scaling and hairline cracks were visible on the
abutments and wing walls. There are transverse cracks with efflorescence on the underside of the sidewalk. Light
scaling and hairline cracks are on the concrete deck. The aluminum railings (four rail type) are in good condition.
There is vegetation growth in the channel. Based on the condition of the bridge, no reduction in capacity of the
precast concrete box girders were assumed in the analysis.

1.3.6 B6 - Bayview Road Bridge over Alberta Creek (Driveway)

The Bayview Road Bridge over Alberta Creek was constructed in 1986. The bridge is a single span (19.5m)
structure with a 4.06m roadway and 203mm wide curbs on each side. The bridge consists of two steel welded
wide flange (WWF) girders with treated Douglas Fir deck ties and planking. The bridge is supported on cast in
place concrete abutments. The WWF are 1067mm deep with 305mm wide flanges. The deck beams are 203mm
wide by 381mm deep. The timber decking is 89mm thick. Timber railings are installed on each side of the bridge.
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Photos of the bridge and sketches of the layout or general arrangement of the bridge and cross section are shown
below.
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Figure 12: Bayview Road Bridge over Alberta Creek (Driveway) — Plan
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Figure 13: Bayview Road Bridge over Alberta Creek (Driveway) — Section

The 2017 inspection showed that the bridge in fair to good condition. There is medium corrosion on the girder
flanges resulting in less than 7% section loss. Light corrosion was found on the girder webs. Medium corrosion
was evident on the bracing and diaphragm members. Damage (probably occurred during erection) was noted on
some diaphragms and cross bracings. Splitting and rot was found in the treated timber ties and caps. There was
no evidence of scour. There is vegetation growth in the channel. Light scaling and hairline cracks were visible on
the abutments. There are minor checks and splits on the timber deck and wheel guard. The railings are in poor
condition with crushing, decay and splits noted on the posts. Based on the condition of the steel girders, no
reduction in capacity was assumed in the analysis. Due to the amount of rot in the timber ties, a reduction of 20%
of the timber tie capacity was used in the analysis.

1.3.7 B7 - Bayview Place Bridge over Alberta Creek

The Bayview Place Bridge over Alberta Creek was constructed in 1986. The bridge is a single span (18m)
structure with a 3.6m roadway, a 900mm wide curb on the west side, and a 2000mm wide sidewalk on the east
side. The bridge has a 5.5% grade sloping down from the North abutment as well as a 2% East to West crossfall.
The bridge consists of four precast concrete box stringers with cast in place concrete curb, sidewalk and
abutments. The precast girders are 1194mm wide by 700mm deep. Aluminum railings (four rail type) are installed
on each side of the bridge. A 150mm diameter pipe is hung underneath the sidewalk.
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Photos of the bridge and sketches of the layout or general arrangement of the bridge and cross section are shown
below.
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Figure 14: Bayview Place Bridge over Alberta Creek — Plan

@ OQM April, 2018 | page 16

Project No. 31935
CERTIFIED




Engineering Bridge Load Capacity Evaluations

ans dana Senvices Village of Lions Bay — FINAL Report

Inspiring sustainable thinking

850 3600 1950
ROADWAY SIDEWALK
—fl=50 ¢ ROADWAY 50
[

I STD. ALUMINUM
O O RAILING
100
200# 2 250 200
550

LD
[:\D [—_—]3 [’—_(\32[) G1 \ MODIFIED 700x1200

_ CONCRETE BOX GIRDER

@
=
()

4800 1150
MODIFIED 700x1200 700x1200 CONCRETE
CONCRETE BOX GIRDER BOX GIRDER

SECTION A
NTS NG
Figure 15: Bayview Place Bridge over Alberta Creek — Section

The 2017 inspection showed that the bridge in good condition. Light spalling was noted on precast girder G1.
Splitting and rot was found in the timber floor beams and caps. There was no evidence of scour. There is
vegetation growth in the channel. Light scaling and hairline cracks were visible on the abutments with severe
delamination under girder G4 at the North abutment. There is minor spalling of the concrete deck. There are
transverse cracks with efflorescence on the underside of the sidewalk. Light scaling and hairline cracks exist on
the concrete deck. The railings are in good condition. Based on the condition of the bridge, no reduction in
capacity was assumed in the analysis.

1.3.8 B8 - Lions Bay Avenue Bridge over Alberta Creek (Driveway)

The Lions Bay Avenue Bridge over Alberta Creek was constructed in 1986. The bridge is a single span (15.35m)
structure with a 3m roadway and 300mm guardrails on each side. The main superstructure consists of four
precast concrete sections welded together into one single trapezoidal precast concrete beam topped with a cast-
in-place concrete overlay and timber railing. The substructure consists of cast-in-place abutments and wing walls.
The trapezoidal precast beam varies in depth from 600mm deep in the middle to 150mm deep at the edges. The
precast segments vary from 600mm to 1200mm wide in width. Timber railings are installed on each side of the
bridge. A 19mm diameter copper water service with 75mm insulation is connected to the underside of the
trapezoidal precast concrete beam 500mm from the East edge.
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Photos of the bridge and sketches of the layout or general arrangement of the bridge and cross section are shown
below.
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Figure 16: Lions Bay Avenue Bridge over Alberta Creek (Driveway) — Plan
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Figure 17: Lions Bay Avenue Bridge over Alberta Creek (Driveway) — Section

Due to access issues, visual inspection of the girders and abutments were limited. Light scaling and hairline
cracks were observed on the concrete deck. The wheel guard and railings are in poor condition due to splitting

with signs of heavy decay. Until further inspection is complete, no reduction in capacity of the precast girders are

assumed in the analysis.
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2.0
Evaluation

The bridged were evaluated in accordance with Canadian Highway Bridge Design Code CAN/CSA S6-14
Section 14 using the Ultimate Limit State Methods. Fatigue Limit States were not considered. Relevant
provisions of the BC MoT Supplement to the CHBDC S6-14 were incorporated as appropriate.

Inspection Level INSP3 was used for all but one of the inspected bridges. INSP1 was used for bridge B8 Lions
Bay Avenue Bridge over Alberta Creek as a detailed visual inspection was not completed on this bridge. The
structure was assigned Highway Class C for this evaluation due to its low volume (100-100 average daily traffic
per lane, 50-250 average daily truck traffic per lane).

21 Target Reliability Index

The target reliability index, B was determined from CHBDC Clause 14.12 for normal traffic, and is characterized
by failure mode type. The failure mode of the critical element is described in the following paragraphs.

System behavior category is dependent on element failure: S1 for total collapse, S2 where failure will not lead to
total collapse and S3 for local failure. Element behavior category describes element failure mode: E1 for sudden
loss of capacity, E2 for sudden loss of capacity with some post-failure capacity and E3 for gradual failure.
Evaluation of the members is classified as: INSP1 for non inspectable components, INSP2 for inspected by others
but to the satisfaction of the evaluator and INSP3 where the evaluator directed the inspection.

All bridges except bridges B6 and B8 are multi-stringer composite structural systems, stringer failure will probably
not lead to total collapse, and therefore Category S2 was selected for system behavior. S1 was selected for
bridge B6 and B8. The bridge drawings show the shear reinforcement in the stringers so Category E2 was
selected for box girders in shear and Category E3 for moment.

The target reliability index (B), system behavior, element behavior, inspection level and span type for each
structure’s critical components are shown in Table 2.1.

Table 2.1: Target Reliability Index (B)

Bridge ‘ Behaviour Category ‘ B ‘

B1. Lions Bay Avenue Bridge over Harvey Girder Shear: S2, E2, INSP3 3.00
Creek Girder Moment: S2, E3, INSP3 2.75
B2. Isleview Place Bridge over Alberta Creek Girder Shear: S2, E2, INSP3 3.00
(Lower) Girder Moment: S2, E3, INSP3 2.75
B3. Isleview Place Bridge over Alberta Creek Girder Shear: S2, E2, INSP3 3.00
(Upper) Girder Moment: S2, E3, INSP3 2.75
B4. Cross Creek Road Bridge over Harvey Girder Shear: S2, E2, INSP3 3.00
Creek Girder Moment: S2, E3, INSP3 2.75
B5. Bayview Road Bridge over Alberta Creek Girder Shear: S2, E2, INSP3 3.00

Girder Moment: S2, E3, INSP3 2.75
B6. Bayview Road Bridge (Driveway Access) Steel Girder Shear: S1, E3, INSP3 3.25
over Alberta Creek Steel Girder Moment: S1, E3, INSP3 3.25

Timber Beam Shear: S3, E3, INSP3 2.50

Timber Beam Moment: S3, E1, INSP3 3.25
B7. Bayview Place Bridge over Alberta Creek Girder Shear: S2, E2, INSP3 3.00

Girder Moment: S2, E3, INSP3 2.75
B8. Lions Bay Avenue Bridge over Alberta Girder Shear: S1, E2, INSP1 3.75
Creek (Driveway Access) Girder Moment: S1, E3, INSP1 3.50
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2.2 Permanent Loads: Dead Loads

The permanent dead loads of each superstructure includes the deck, barriers, stringers and existing wearing
surface with an allowance for an additional future topping. These loads were distributed to the stringers based on
tributary width. The unit weights used to calculate the dead loads were as follows:

¢ Cast-in-place concrete = 24 kN/m?3
e Precast Concrete = 25 kN/m?3

e Steel = 77 kN/m?

e Asphalt = 23.5 kN/m?3

e Douglas Fir Timber = 7.86 kN/m?

The dead load factors were classified in accordance to CHBDC Clause 14.13.2.1 and Table 14.7.

Table 2.2: Dead Load Factors

Dead Load Factor Factor Factor Factor Factor Factor
Comments

Category | =250 | B=2.75 | p=3.00 | =3.25 | B=3.50 | B=3.75

Precast stringers, cast-in-
D1 1.05 1.06 1.07 1.08 1.09 1.10 place concrete (excluding
deck) and precast parapets.
Cast-in-place concrete deck

D2 1.10 1.12 1.14 1.16 1.18 1.20 Includes non-structural
components.

D3 1.25 1.30 1.35 1.40 1.45 150 | EXisting asphalt wearing
surface

2.3 Transitory Loads: Live Load Vehicles

The live load vehicles used in the evaluation were the CL1-625 vehicle described in CSA S6-14.

The live loading for each vehicle consisted of the specified vehicle loading with 100% of the dynamic load
allowance (40 km/h vehicle speed) specified in Clause 3.8.4.5.3, or the associated lane loading with no dynamic
load allowance, with the worst case governing. The associated lane loading for each specified vehicle was made

up of a 7 kN/m lane load (Highway Class C) in combination with 80% of the CL1-625 truck as per CHDBC Clause
14.9.

The live load factors below were taken from CHBDC Clause 14.13.3 and Tables 14.8 and 14.13.

Table 2.3: Live Load Factors

Loading Comments
B=250 | =275 | B=3.00 | =3.25 | B=3.50 | B=3.75

Table 14.8 (Sophisticated

Normal 1.35 1.42 1.49 1.56 1.63 1.70 .
analysis, All spans)

OQM April, 2018 | Page 21
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24 Selection of Critical Members for Load Rating

Each bridge was reviewed to determine which members are deemed critical for the purposes of load rating. The
structural components, selected as either critical or not critical, are described below. Non-critical items are
excluded from evaluation.

Stringers: All stringers are considered critical for load rating and were evaluated for moment and shear.
Timber Ties: Ties are considered critical for load rating and were evaluated for moment and shear.
Timber Planking: The timber deck was not considered critical for load rating and was not evaluated.

Concrete Piers and Abutments: The substructure was not considered critical for load rating and was not
evaluated.

PO~

2.5 Method of Analysis

A sophisticated or grillage method was used to establish the lateral distribution of the live loads. The grillage
analysis typically displayed significant reductions for both shear and moment demands on bridge girders when
compared to the simplified distribution methods.

The analysis was completed using the structural analysis software package SAFI. The precast concrete box
girders were checked using ISL design spreadsheets and Concise Beam V4.6 (Black Mint).

2.6 Live Load Lateral Distribution

Each bridge was analyzed based on the roadway width for that bridge. For fully loaded bridges with two physical
lanes, a lane reduction factor of 0.85 was used in accordance with CHBDC Table 14.3 for Highway Class C.

The vehicle load effects were derived by placement of the vehicle at various locations. As described in CHBDC
S6-14, the centre-to-centre wheel lines of the design vehicles used in the evaluation were taken as 1.8m. For the
lane load case, the uniformly distributed load was assumed to occupy a width of 3.0 m centered with respect to
the accompanying reduced truck.

2.7 Member Resistances

The Village provided as-built drawings for bridges crossing Alberta Creek. For bridge B4 crossing Harvey Creek,
reinforcing shop drawings for the girders were available and compared to the standard precast box girder used in
during the time of construction. Drawings for the cast-in-place concrete beams of Bridge B1 were not available.
ISL analyzed the bridge for the 1986 design vehicle (MS200-77) and reinforced the beam to resist the applied
loads.

The girder resistances were calculated based on material properties and geometry shown on the drawings. The
referenced drawing are included in Appendix A. The following material properties were used in the calculations:

Precast Concrete:

o Concrete box stringers specified 45 MPa compressive strength at 28 days
o Cast-in-place concrete specified at 25 MPa compressive strength at 8 days
Prestressing Strands:

o Concrete box stringers specified 1860 MPa tensile strength

Cast-in-place Concrete:
o Cast-in-place concrete specified at 25 MPa compressive strength at 8 days
o If not specified - used 15 MPa yield strength as per Clause 14.7.4.3
Reinforcing Steel:
o 400 MPa yield strength
o If not specified - used 300 MPa yield strength as per Table 14.2

¢ |0QM s
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e Structural Steel:

o Not specified - used 250 MPa yield strength as per Table 14.1
e Timber (Douglas Fir No.2):

o Not specified - used 6.0 MPa bending stress

o Not specified - used 1.1 MPa shear stress

Resistance calculations were based on CHBDC S6-14 and MoTlI’s Supplement to S6-14 as applicable. The
calculation of shear resistance is described further in Section 2.8.

Shear and moment capacities were calculated for each live load case evaluated. The maximum moments occur
at mid-span of the bridge girders. The maximum shear occurs at the girder supports. The precast concrete box
girder moment capacity was calculating using Concise Beam. The shear resistance for concrete members were

evaluated using the process described is Section 2.8.

For components that show no signs of defects or deterioration, the factored resistance as calculated in
accordance with Clause 14.14.1 shall be multiplied by the resistance adjustment factors, U, from Table 14.15.
The resistance factor for timber floor beams on bridge B6 was reduced by 20% to account for the loss due to rot.
The resistance factors are noted in the following table:

Table 2.7: Resistance Adjustment Factors

Resistance Category Description Resistance Factor
Reinforced Concrete (p < 0.4pb) Bending Moment 1.02
Reinforced Concrete Shear 1.05
Prestressed Concrete (wp < 0.15) | Bending Moment 1.01
Structural Steel Bending Moment (yield) 1.06
Structural Steel Shear (stocky web) 1.02
Timber Bending Moment 0.80
Timber Shear 0.80

2.8 Live Load Capacity Factors (LLCF) Tables

The member sections for which the LLCF was calculated are shown in Table 2.8. The maximum moments and
shears were calculated at the locations of the worst influence along the channel stringer, calculated from the West
abutment.

In general, the live load capacity factors were calculated based on CHBDC Clause 14.15.

U-¢R - D¢
LLCF =
DL

Where DLt = factored dead load = ZapD
LL¢ = factored live load including DLA = Za.L(1+DLA)
¢oR = factored resistance
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Bridge Information:

Name: Bridge 01 - Lions Bay Avenue over Harvey Creek

Construction:

Bridge Type: Cast-in-place concrete stringers with CIP concrete deck
Number of Stringers: 2 - 911x508 deep CIP concrete stringers

y &Y B Engineering

and Land Services

Span Arrangement: 3 span continuous (3.6m-11.6m-3.6m) 11.60 m
Highway Class: A=1;B=2;C&D=3 3 2 Lane
Speed =60km/hr
11/22/201 Revisited: January 5, 2018
Table No. 2.8A Capacity Table
Normal Traffic (BCL-625)
Element Description Critical Target Reliability Index, Dead Loads Total LIVE LOAD CONTRIBUTIONS Total Resistance Live Load Quality Ma
Distance VEHICULAR TRAVEL Behaviour Insp. Unfactored | Factors | Factored Factored | Lat. Dist. Span |  Vehicle Type  |Unfactored LL |Lane Factors T13.3| DLA | a, |Factored| Factored Adjust. Fact. [Capacity Factof Evaluator
Evaluation location along span (mm) Effect Units Lane 1NB | Lane2SB Type System | Element ] Level p1 | p2 | b3 | b1 | b2 | p3fp1] p2] b3 DL Category Type | NB1 | sB1 |nBasB| | NB &sB | |NB &sB| | NnB&sB | | S DL +LL ¢'Rn u LLCF |

BCL625 - 2 lanes loaded 1000 Shear kN CL1-625 Concrete S2 E2 INSP3 59 3 0 1.07 1.14 [0.00| 63 3 0 66.6 Sophist. Normal Normal -360 0.85 0.85 0.3 0.3 1.49 1.49 -593.5 -1243 1243 1.05 2.21 JCT

BCL625 - 2 lanes loaded 1000 Moment at Vs kN CL1-625 Concrete S2 E3 INSP3 30 2 0 1.06 1.12 |0.00| 32 2 0 33.8 Sophist. Normal Normal -324 0.85 0.85 0.3 0.3 1.42 1.42 -509.1 -1090 -2996 1.02 221 JCT

BCL625 - 2 lanes loaded 4650 Shear kN CL1-625 Concrete S2 E2 INSP3 283 14 0 1.07 1.14 [0.00| 303 | 16 0 319.6 Sophist. the Normal Normal 538 0.85 0.85 0.3 0.3 1.49 1.49 885.2 1609 1609 1.05 1.46 JCT

BCL625 - 2 lanes loaded 4650 Moment at Vs kN CL1-625 Concrete S2 E3 INSP3 -354 | -18 0 1.06 1.12 [0.00(-375| -20 0 -395.2 Sophist. Other Normal Normal -518 0.85 0.85 0.3 0.3 1.42 1.42 -812.9 -1580 -2996 1.02 1.46 JCT

BCL625 - 2 lanes loaded 3650 Moment kN-m CL1-625 Concrete S2 E3 INSP3 -393 | -20 0 1.06 1.12 0.00(-417| -22 0 -439.3 Sophist. Other Normal Normal 917 0.85 0.85 0.3 0.3 1.42 1.42 1438.1 2178 -2996 1.02 1.82 JCT

BCL625 - 2 lanes loa 9450 Moment kN-m CL1-625 CL1-625 Concrete S2 E3 INSP3 556 58 0 1.06 1.12 [0.00| 589 | 65 0 654.7 Sophist. Other Normal Normal 917 0.85 0.85 0.3 0.3 1.42 1.42 1438.1 2093 2744 1.02 1.49 JCT

Min LLCF
Notes: Total 1.46
1. Load rating according to CSA - S6-14 (as per Section 14) 8 Target reliability index from Table 14.5 have not been increased due to Clause 14.12.5
2. Evaluation procedure: ULS method (as per Clause 14.5.2.2) 9 Dead load factors from Table 14.7
3. Highway Class C with Design Speed 60km/h 10 Live load factors from Table 14.8 for normal traffic
4. Dead Loads as defined by 14.8.2 11 Resistance adjustment factors from Table 14.15
5. Inspection Level 3 (INSP3) used for all load cases 12 Resistance Factors: Concrete = 0.75, Rebar = 0.90
6. Normal Traffic (BCL1-625) 13 Material properties used to calculate resistances are as follows:
7. Critical distance taken from North abutment
Material Strength  Reference
Name Date concrete 15 MPa S6-14
D.R.Estey TWZ/ X 1/5/18 steel 300 MPa  |S6-14
v
1. Tong ’;iga 1/5/18




Bridge Information:

Name: Bridge 02 - Isleview Place over Alberta Creek (Lower,

Construction:

Bridge Type: Precast concrete box girders
Number of Stringers: 4 - 1200x700 deep CIP concrete box stringers (MK700\18\14.3 deg RT

Span Arrangement: Simply Supported- 18.15m
Highway Class: A=1;B=2;C&D=3 3 1 Lane
Speed =60km/hr
Skew Factor (Cl. 5.6.5.2): 1.32
November 22, 2017 Revisited: January 5, 2018
Table No. 2.8B Capacity Table
y &Y B Enginec
. and Land S
Normal Traffic (BCL-625)
Element Description Critical Target Reliability Index, B Dead Loads Total LIVE LOAD CONTRIBUTIONS Total Resistance Live Load Quality Mz
Distance VEHICULAR TRAVEL Memb Behaviour Insp. Unfactored | Factors | Factored Factored | Lat. Dist. Span | Vehicle Type |Unfactored LL | Lane Factors | DLA | a, | Factored| Factored Adjust. Fact. [Capacity Factol] Evaluator
Evaluation location along span (mm) Effect Units Lane1NB |  swLL Type System | Element | Level B p1 | p2 | p3 | b1 | p2 |p3|p1]p2| D3 DL Category Type | NB1 sB1 | NB1 | swLL | NB1 sB1 | NB1 | sB1 | NB1 SsB1 | LL DL +LL ¢Rn u LLCF |
Exterior Stringer 4 - CL-625 next to SW 769 Shear kN CL1-625 SWLL Concrete S2 E2 INSP3 3.00 167 82 17 1.07 114 |1.35[ 179 93 23 294.8 Sophist. Other Normal Normal 111 28 1.00 1.00 0.3 0.0 1.49 1.49 256.1 1322 1322 1.05 4.01 JCT
Exterior Stringer 4 - CL-625 next to SW 769 Moment kN-m CL1-625 SWLL Concrete S2 E3 INSP3 2.75 101 51 10 1.06 112 |1.30| 107 | 57 14 1771 Sophist. Other Normal Normal 85 23 1.00 1.00 0.3 0.0 1.42 1.42 190.4 367 2274 1.01 4.01 JCT
Exterior Stringer 4 - CL-625 next to SW 9000 Moment kN-m CL1-625 SWLL Concrete S2 E3 INSP3 2.75 642 284 60 1.06 1.12 |1.30| 680 | 318 78 1076.3 Sophist. Other Normal Normal 634 105 1.00 1.00 0.3 0.0 1.42 1.42 1318.7 2395 3935 1.01 2.20 JCT
Exterior Stringer 1 - CL-625 next to curb 769 Shear kN CL1-625 OC Concrete S2 E2 INSP3 3.00 79 29 6 1.07 114 |135| 85 [ 33 8 126.1 Sophist. Other Normal Normal 96 6 1.00 1.00 0.3 0.3 1.49 1.49 198.6 1345 1345 1.05 6.14 JCT
Exterior Stringer 1 - CL-625 next to curb 769 Moment kN-m CL1-625 OC Concrete S2 E3 INSP3 2.75 49 17 3 1.06 112 |1.30| 52 [ 19 4 76.1 Sophist. Other Normal Normal 74 5 1.00 1.00 0.3 0.3 1.42 1.42 145.5 222 1564 1.01 6.14 JCT
Exterior Stringer 1 - CL-625 next to curb 7624 Moment kN-m CL1-625 OC Concrete S2 E3 INSP3 2.75 370 68 6 1.06 1.12 |1.30( 392 76 8 476.2 Sophist. Other Normal Normal 518 38 1.00 1.00 0.3 0.3 1.42 1.42 1025.5 1502 2528 1.01 2.03 JCT
Interior Stringer 2 -Off center load 769 Shear kN CL1-625 OC Concrete S2 E2 INSP3 3.00 81 28 6 1.07 114 |135| 87 | 32 8 126.5 Sophist. Other Normal Normal 68 6 1.00 1.00 0.3 0.3 1.49 1.49 143.9 1345 1345 1.05 8.46 JCT
Interior Stringer 2 -Off center load 769 Moment kN-m CL1-625 OC Concrete S2 E3 INSP3 2.75 50 8 4 1.06 112 |1.30| 53 9 5 66.7 Sophist. Other Normal Normal 52 5 1.00 1.00 0.3 0.3 1.42 1.42 105.4 172 1564 1.01 8.46 JCT
Interior Stringer 2 -Off center load 7624 Moment kN-m CL1-625 OC Concrete S2 E3 INSP3 2.75 269 111 26 1.06 1.12 |1.30| 285 | 124 34 443.4 Sophist. Other Normal Normal 321 38 1.00 1.00 0.3 0.3 1.42 1.42 663.0 1106 2528 1.01 3.18 JCT
Interior Stringer 3- centered load 769 Shear kN CL1-625 Concrete S2 E2 INSP3 3.00 131 50 14 1.07 114 135|140 57 18 215.6 Sophist. Other Normal Normal 67 8 1.00 1.00 0.3 0.3 1.49 1.49 144.3 1345 1345 1.05 7.83 JCT
Interior Stringer 3- centered load 769 Moment kN-m CL1-625 Concrete S2 E3 INSP3 2.75 80 3 9 1.06 112 |1.30| 85 3 11 99.0 Sophist. Other Normal Normal 51 6 1.00 1.00 0.3 0.3 1.42 1.42 105.7 205 2069 1.01 7.83 JCT
Interior Stringer 3- centered load 9000 Moment kN-m CL1-625 Concrete S2 E3 INSP3 2.75 486 182 43 1.06 1.12 |1.30| 515 | 204 56 774.6 Sophist. Other Normal Normal 321 44 1.00 1.00 0.3 0.3 1.42 1.42 673.9 1448 3199 1.01 3.64 JCT
Min LLCF
Notes: Total 2.03
1. Load rating according to CSA - S6-14 (as per Section 14) 8 Target reliability index from Table 14.5 have not been increased due to Clause 14.12.5
2. Evaluation procedure: ULS method (as per Clause 14.5.2.2) 9 Dead load factors from Table 14.7
3. Highway Class C with Design Speed 60km/h 10 Live load factors from Table 14.8 for normal traffic
4. Dead Loads as defined by 14.8.2 11 Resistance adjustment factors from Table 14.15
5. Inspection Level 3 (INSP3) used for all load cases 12 Resistance Factors: Concrete = 0.75, Rebar = 0.90
6. Normal Traffic (CL1-625) 13 Material properties used to calculate resistances are as follows:
7. Critical distance taken from North abutment
Material Strength  Reference
Name Date concrete 35MPa |drawing
D.R.Estey 77,\7‘&{?/ 1/5/18 steel 230 MPA [S6-14
LS hé7 - Precast 45 MPa |drawing
I
I
J. Tong ﬂx 1/5/18




Bridge Information:

Name: Bridge 03 - Isleview Place over Alberta Creek (Upper)

Construction:

Bridge Type: Precast concrete box girders

Number of Stringers: 7 - 1200x700 -12.3 degree RTPrecast concrete box stringers

y oY B Engineering

and Land Services

Span Arrangement: Simply Supported- 18.00 m
Highway Class: A=1;B=2;C&D=3 3 1 Lane
Speed =60km/hr
Skew Factor (CI. 5.6.5.2): 1.25
November 22, 2017 Revisited: January 5, 2018
Table No. 2.8C Capacity Table
Normal Traffic (BCL-625)
Element Description Critical Target Reliability Index, B Dead Loads Total LIVE LOAD CONTRIBUTIONS Total Resistance Live Load Quality Mz
Distance VEHICULAR TRAVEL Member Behaviour Insp. Unfactored | Factors | Factored Factored | Lat. Dist. Span Vehicle Type |Unfactored LL | Lane Factors DLA o |Fac!ored Factored Adjust. Fact. [Capacity Factor| Evaluator
Evaluation location along span (mm) Effect Units Lane 1NB |  SWLL Type System | Element | Level [ p1 | b2 | p3 | p1 | p2 [ p3]p1|p2] b3 DL Category Type NB1 sB1 | nNB1 sB1 | NB1 sB1 | NB1[sB1| EB1 | NB1 | LL DL +LL ¢'Rn u LLCF |
Exterior Girder 3 SW - 769 Shear kN CL1-625 SWLL S2 E2 INSP3 3.00 158 77 16 1.07 1.14 (135|169 | 88 22 279.2 Sophist. Other Normal Normal 111 28 1.00 1.00 0.3 1.49 1.49 256.1 1726 1726 1.05 5.65 JCT
Exterior Girder 3 769 Moment kN-m 2 SWLL S2 E3 INSP3 2.75 101 51 10 1.06 112 [1.30]| 107 | 57 14 1771 Sophist. Other Normal Normal 85 23 1.00 1.00 0.3 1.42 1.42 190.4 367 2274 1.01 5.65 JCT
Exterior Girder 3 SW - NB+SWLL 8260 Moment kN-m SWLL S2 E3 INSP3 2.75 642 284 60 1.06 1.12 [1.30) 680 | 318 78 1076.3 Sophist. Other Normal Normal 634 118 1.00 1.00 0.3 1.42 1.42 1337.3 2414 3935 1.01 217 JCT
Exterior Girder2 Curb - C B+CL625SB 769 Shear kN S2 E2 INSP3 3.00 75 27 6 1.07 114 [(1.35] 81 31 8 119.4 Sophist. Other Normal Normal 44 1.00 1.00 0.3 0.3 1.49 1.49 85.4 1168 1168 1.05 12.28 JCT
Exterior Girder2 Curb - CL625NB+CL625SB 769 Moment kN-m CL1- S2 E3 INSP3 2.75 49 17 3 1.06 1.12 [1.30| 52 19 4 76.1 Sophist. Other Normal Normal 34 1.00 1.00 0.3 0.3 1.42 1.42 62.6 139 2069 1.01 12.28 JCT
Exterior Girder2 Curb - CL625NB+CL625SB 8850 Moment kN-m CL1- S2 E3 INSP3 2.75 370 68 6 1.06 112 [1.30] 392 | 76 8 476.2 Sophist. Other Normal Normal 277 1.00 1.00 0.3 0.3 1.42 1.42 511.2 987 3199 1.01 5.39 JCT
Interior Girder - CL625NB+CL625SB 769 Shear kN CL1- S2 E2 INSP3 3.00 124 47 13 1.07 1.14 [1.35]| 133 | 54 17 204.1 Sophist. Other Normal Normal 104 1.00 1.00 0.3 0.3 1.49 1.49 202.0 1755 1755 1.05 7.68 JCT
Interior Girder - CL625NB+CL625SB 769 Moment kN-m CL1-62 S2 E3 INSP3 2.75 80 30 9 1.06 112 [1.30| 85 34 11 130.0 Sophist. Other Normal Normal 80 1.00 1.00 0.3 0.3 1.42 1.42 148.0 278 1557 1.01 7.68 JCT
Interior Girder - CL625NB+CL625SB 8555 Moment kN-m CL1-62 S2 E3 INSP3 2.75 534 136 51 1.06 1.12 [1.30] 566 | 152 67 785.1 Sophist. Other Normal Normal 481 0 1.00 1.00 0.3 0.3 1.42 1.42 887.9 1673 2528 1.01 1.99 JCT
Min LLCF
Notes: Total 1.99
1. Load rating according to CSA - S6-14 (as per Section 14) 8 Target reliability index from Table 14.5 have not been increased due to Clause 14.12.5
2. Evaluation procedure: ULS method (as per Clause 14.5.2.2) 9 Dead load factors from Table 14.7
3. Highway Class C with Design Speed 60km/h 10 Live load factors from Table 14.8 for normal traffic
4. Dead Loads as defined by 14.8.2 11 Resistance adjustment factors from Table 14.15
5. Inspection Level 3 (INSP3) used for all load cases 12 Resistance Factors: Concrete = 0.75, Rebar = 0.90
6. Normal Traffic (CL1-625) 13 Material properties used to calculate resistances are as follows:
7. Critical distance taken from North abutment
Material Strength  Reference
Name Date concrete 34.5 MPa |drawing
DREstey — ./ 1/5/18 steel 230 MPA  |S6-114
D uLL7 -

1. Tong ’:igs— 1/5/18
=




Bridge Information:

Name: Bridge 04 - Cross Creek Road over Harvey Creek

Construction:

Bridge Type: Precast Double-celled concrete box Stringers

Number of Stringers: 8 - 1200x700 deep CIP concrete box stringers

y &Y B Engineering

and Land Services

Span Arrangement: Simply Supported 20.00 m
Highway Class: A=1;B=2;C&D=3 3 2 Lane
Speed =60km/hr
November 22, 2017 Revisited: January 5, 2018
Table No. 2.8D Capacity Table
Normal Traffic (BCL-625)
Element Description Critical Target Reliability Index, Dead Loads Total LIVE LOAD CONTRIBUTIONS Total Resistance Live Load Quality Ma
Distance VEHICULAR TRAVEL Behaviour Insp. Unfactored | Factors | Factored Factored | Lat. Dist. Span |  Vehicle Type  |Unfactored LL | Lane Factors | DLA | a, |Factored| Factored Adjust. Fact. [Capacity Factof Evaluator
Evaluation location along span (mm) Effect Units Lane 1NB | Lane2SB Type System | Element | Level B p1 | b2 | p3 | p1 | p2 |p3|p1| p2] b3 DL Category Type | NB1 ] sB1 | NB1 | sB1 | nNB1 | sB1 [ NB1]sB1] nNB1 | sB1 ] L DL +LL ¢'Rn u LLCF

Exterior Girder - CL625NB+CL625SB 769 Shear kN CL1-625 CL1-625 S2 E2 INSP3 [ 3.00 112 107 20 1.07 1.14 |1.35| 120 | 122 27 268.1 Sophist. Other Normal Normal 103 6 0.85 0.85 0.3 0.3 1.49 1.49 178.3 1812 1812 1.05 8.66 JCT

Exterior Girder - CL625NB+CL625SB 769 Moment kN-m CL1-625 CL1-625 S2 E3 INSP3 [ 2.75 78 74 18 1.06 1.12 |1.30( 82 | 83 24 188.4 Sophist. Other Normal Normal 79 4 0.85 0.85 0.3 0.3 1.42 1.42 130.7 319 2270 1.01 8.66 JCT

Exterior Girder - CL625NB+CL625SB 8372 Moment kN-m CL1-625 CL1-625 S2 E3 INSP3 2.75 483 175 23 1.06 1.12 |1.30( 512 | 196 30 737.9 Sophist. Other Normal Normal 306 183 0.85 0.85 0.3 0.3 1.42 1.42 767.8 1506 3935 1.01 4.22 JCT

Interior Girder 4 - CL625NB+CL625SB 769 Shear kN CL1-625 CL1-625 S2 E2 INSP3 3.00 92 25 3 1.07 1.14 |1.35( 98 28 4 130.0 Sophist. Other Normal Normal 51 105 0.85 0.85 0.3 0.3 1.49 1.49 257.0 1812 1631 1.05 6.55 JCT

Interior Girder 4- CL625NB+CL625SB 769 Moment kN-m CL1-625 CL1-625 Concrete S2 E3 INSP3 2.75 74 19 2 1.06 1.12 |1.30( 78 22 3 102.4 Sophist. Other Normal Normal 39 89 0.85 0.85 3 3 1.42 1.42 200.4 303 1832 1.01 6.55 JCT

Interior Girder 4 - CL625NB+CL625SB 10580 Moment KN-m CL1-625 o028 | conerete | 2 es | mspa| 275 | 488 | 173 | 23 | 106 | 112 |130]517| 194 | 30 | 7407 | sophist | Oter | wormal | Normal | 249 | 301 | o085 | oss | 03| 03 | 142 142 | 8635 | 1604 2815 101 243 Jct

Min LLCF
Notes: Total 2.43
1. Load rating according to CSA - S6-14 (as per Section 14) 661 8 Target reliability index from Table 14.5 have not been increased due to Clause 14.12.5 550 156
2. Evaluation procedure: ULS method (as per Clause 14.5.2.2) 9 Dead load factors from Table 14.7
3. Highway Class C with Design Speed 60km/h 10 Live load factors from Table 14.8 for normal traffic
4. Dead Loads as defined by 14.8.2 11 Resistance adjustment factors from Table 14.15
5. Inspection Level 3 (INSP3) used for all load cases 12 Resistance Factors: Concrete = 0.75, Rebar = 0.90
6. Normal Traffic (CL1-625) 13 Material properties used to calculate resistances are as follows:
7. Critical distance taken from North abutment
Material Strength  Reference
Name Date concrete 45 MPa drawings
D.R.Estey 1/5/18 steel 300 MPa [S6-14
J. Tong 1/5/18




Bridge Information:

Name: Bridge 05 - Bayview Road Bridge
Construction:

Bridge Type: Precast concrete box Stringers

Number of Stringers: 7 - 1200x700 deep 18.25 degrees RT Precast concrete box stringers (MK700\18\18.25 deg RT)

y oY B Engineering

and Land Services

Span Arrangement: Simply Supported 18.00 m
Highway Class: A=1;B=2;C&D=3 3 2 Lane
Speed =60km/hr
Skew Factor (CI. 5.6.5.2): 1.45
November 22, 2017 Revisited: January 5, 2018
Table No. 2.8E Capacity Table
Normal Traffic (BCL-625)
Element Description Critical Target Reliability Index, B Dead Loads Total LIVE LOAD CONTRIBUTIONS Total Resistance Live Load Quality Mz
Distance VEHICULAR TRAVEL Member Behaviour Insp. Unfactored | Factors | Factored Factored | Lat. Dist. Span Vehicle Type |Unfactored LL | Lane Factors DLA o | Factored| Factored Adjust. Fact. [Capacity Factor] Evaluator
Evaluation location along span (mm) Effect Units Lane 1NB | Lane2SB Type System | Element | Level [ p1 | b2 | p3 | p1 | p2 [ p3]p1|Dp2] b3 DL Category Type NB1 sB1 | nNB1 sB1 | NB1 sB1 | NB1[sB1| EB1 | NB1 | LL DL +LL ¢'Rn u LLCF |
Exterior Girder 7 SW - CL625NB+CL625SB 769 Shear kN CL1-625 S2 E2 3.00 170 107 18 1.07 114 [1.35]| 182 | 122 24 327.7 Sophist. Other Normal Normal 5 58 0.85 0.85 0.3 0.3 1.49 1.49 103.3 1726 1726 1.05 13.53 JCT
Exterior Girder 7 SW - CL625NB+CL6: 769 Moment kN-m 2 S2 E3 2.75 94 60 10 1.06 112 [1.30]| 99 67 13 179.3 Sophist. Other Normal Normal 4 44 0.85 0.85 0.3 0.3 1.42 1.42 75.7 255 2274 1.01 13.53 JCT
Exterior Girder 7 SW - CL625NB+CL625SB 8260 Moment kN-m S2 E3 2.75 356 335 63 1.06 1.12 [1.30) 377 | 375 81 833.9 Sophist. Other Normal Normal 73 270 0.85 0.85 0.3 0.3 1.42 1.42 538.0 1372 3935 1.01 5.84 JCT
Exterior Girder 1 Curb 769 Shear kN S2 E2 3.00 113 20 1 1.07 114 [1.35]| 121 | 22 2 145.1 Sophist. Other Normal Normal 44 20 0.85 0.85 0.3 0.3 1.49 1.49 105.8 1168 1168 1.05 9.66 JCT
Exterior Girder 1 Curb - 769 Moment kN-m CL1- S2 E3 2.75 63 " 1 1.06 1.12 |[1.30| 67 12 1 80.0 Sophist. Other Normal Normal 34 16 0.85 0.85 0.3 0.3 1.42 1.42 77.5 157 2069 1.01 9.66 JCT
Exterior Girder 1 Curb B+CL625SB 8850 Moment kN-m CL1- S2 E3 2.75 370 68 6 1.06 112 [1.30] 392 | 76 8 476.2 Sophist. Other Normal Normal 277 289 0.85 0.85 0.3 0.3 1.42 1.42 888.3 1364 3199 1.01 3.10 JCT
Interior Girder - CL625NB+CL625SB 769 Shear kN S2 E2 3.00 153 42 17 1.07 114 [1.35]| 164 | 48 23 233.9 Sophist. Other Normal Normal 104 5 0.85 0.85 0.3 0.3 1.49 1.49 179.9 1755 1755 1.05 8.45 JCT
Interior Girder - CL625NB+CL625SB 769 Moment kN-m S2 E3 2.75 84 23 10 1.06 112 [1.30]| 89 26 12 128.1 Sophist. Other Normal Normal 80 4 0.85 0.85 0.3 0.3 1.42 1.42 132.1 260 1557 1.01 8.45 JCT
Interior Girder - CL625NB+CL625SB 8555 Moment kN-m CL1-625 CL1-625 Concrete S2 E3 2.75 534 136 51 1.06 1.12 [1.30] 566 | 152 67 785.1 Sophist. Other Normal Normal 28 565 0.85 0.85 0.3 0.3 1.42 1.42 930.4 1716 2528 1.01 1.90 JCT
Min LLCF
Notes: Total 1.90
1. Load rating according to CSA - S6-14 (as per Section 14) 8 Target reliability index from Table 14.5 have not been increased due to Clause 14.12.5
2. Evaluation procedure: ULS method (as per Clause 14.5.2.2) 9 Dead load factors from Table 14.7
3. Highway Class C with Design Speed 60km/h 10 Live load factors from Table 14.8 for normal traffic
4. Dead Loads as defined by 14.8.2 11 Resistance adjustment factors from Table 14.15
5. Inspection Level 3 (INSP3) used for all load cases 12 Resistance Factors: Concrete = 0.75, Rebar = 0.90
6. Normal Traffic (CL1-625) 13 Material properties used to calculate resistances are as follows:
7. Critical distance taken from North abutment
Material Strength  Reference
Name Date concrete 34.5 MPa |drawing
DREstey — ./ 1/5/18 steel 230 MPA  |S6-114
P 'JL£7
1. Tong {ig;_ 1/5/18
e




Bridge Information:

Name: Bridge 06 - Bayview Road over Alberta Creek (Driveway Access)

Construction:

Bridge Type: Steel grider with timber floor beams and timber deck

Number of Stringers: 2 - 1070mm deep steel girders
Span Arrangement: 20m single span
Highway Class: C - Local roadway - 60 km/hr

ISL Engineering

and Land Services

November 22, 2017 Revisited: January 5, 2018
Table No. 2.8F Capacity Table
Normal Traffic (BCL-625)
Element Description Critical Target Reliability Index, Dead Loads Total LIVE LOAD CONTRIBUTIONS Total Resistance Live Load Quality Mz
Distance VEHICULAR TRAVEL Behaviour Insp. Unfactored | Factors | Factored Factored | Lat. Dist. Span |  VehicleType  |Unfactored LL | Lane Factors | DLA a, | Factored| Factored Adjust. Fact. [Capacity Factof Evaluator
Evaluation location along span (mm) Effect Units Lane 1NB | Type System | Element ] Level p1 | p2 | b3 | b1 | b2 [ p3fp1] p2] b3 DL Category Type | NB1 | | nB1 | | nNB1 | | NB1 | | nNB1 | | DL +LL ¢'Rn u LLCF
STEEL GIRDER 500 Shear kN steel S E3 INSP3 3.25 23 30 0 1.08 1.16 [0.00| 25 | 35 0 60.1 Sophist. Other Normal Normal 230 1.00 0.00 1.56 1.56 448.3 2249 2205 4.88 JCT
STEEL GIRDER 10489 Moment kN-m el S1 E3 INSP3 116 153 0 1.08 1.16 [0.00( 125 | 178 0 302.6 Sophist. Other Normal Normal 974 1.00 0.00 1.56 1.56 1683.8 1986 2992 1.70 JCT
TIMBER TIES 838 Moment kN timber S3 E3 INSP3 0 0.00 0.00 (0.00 0O 0 0 0.0 Sophist. Other Normal Normal 10 1.00 0.00 1.35 1.35 18.1 18.1 14 0.63 JCT
TIMBER TIES 838 Moment kN-m timber S3 E1 INSP3 0 0.00 0.00 (0.00( O 0 0 0.0 Sophist. Other Normal Normal 14 1.00 0.00 1.35 1.35 24.0 24.0 77 2.56 JCT
Min LLCF
Notes: Total 0.63

1. Load rating according to CSA - S6-14 (as per Section 14)

. Evaluation procedure: ULS method (as per Clause 14.5.2.2)
. Highway Class C with Design Speed 60km/h

. Dead Loads as defined by 14.8.2

. Inspection Level 2 (INSP2) used for all load cases

. Normal Traffic (CL1-625)

. Critical distance taken from North abutment

N os wN

Name

Date

D.R.Estey —~ .7
Yl
/

1/5/18

1/5/18

8 Target reliability index from Table 14.5 have not been increased due to Clause 14.12.5

9 Dead load factors from Table 14.7
10 Live load factors from Table 14.8 for normal traffic
11 Resistance adjustment factors from Table 14.15
12 Resistance Factors: Concrete = 0.75, Rebar = 0.90
13 Material properties used to calculate resistances are as follows:

Material Strength  Reference
concrete 34.5MPa [drawing
steel 230 MPa  |S6-14
Timber 6 MPa fbu
1.1MPa [fwu
4.7 MPa  [fqu

Timber deck Governs

Reduce to 22t Only



Bridge Information:

Name: Bridge 07 - Bayview Place over Alberta Creek
Construction:

Bridge Type: Precast concrete box girders

Number of Stringers: 4 - 1200x700 deep CIP concrete box stringers

Span Arrangement: Simply Supportec 18.00 m
Highway Class: A=1;B=2;C&D=3 3 1 Lane
Speed =60km/hr
Skew Factor (Cl. 5.6.5.2): 1
November 22, 2017 Revisited: January 5, 2018
Table No. 2.8G Capacity Table
IS L Enginee
. and Land S¢
Normal Traffic (BCL-625)
Element Description Critical Target Reliability Index, B Dead Loads Total LIVE LOAD CONTRIBUTIONS Total Resistance Live Load Quality Mz
Distance VEHICULAR TRAVEL Memb Behaviour Insp. Unfactored | Factors | Factored Factored | Lat. Dist. Span | Vehicle Type |Unfactored LL | Lane Factors | DLA | a, | Factored| Factored Adjust. Fact. [Capacity Factol] Evaluator
Evaluation location along span (mm) Effect Units Lane1NB |  swLL Type System | Element | Level B p1 | p2 | p3 | b1 | p2 |p3|p1]p2| D3 DL Category Type | NB1 sB1 | NB1 | swLL | NB1 sB1 | NB1 | sB1 | NB1 SsB1 | LL DL +LL ¢Rn u LLCF |
Exterior Stringer 4 - CL-625 next to SW 769 Shear kN CL1-625 SWLL Concrete S2 E2 INSP3 3.00 152 7" 14 1.07 114 |1.35]| 162 | 81 19 262.1 Sophist. Other Normal Normal 111 28 1.00 1.00 0.3 0.0 1.49 1.49 256.1 1322 1322 1.05 4.14 JCT
Exterior Stringer 4 - CL-625 next to SW 769 Moment kN-m CL1-625 SWLL Concrete S2 E3 INSP3 2.75 120 58 11 1.06 112 |1.30| 127 | 65 15 206.6 Sophist. Other Normal Normal 85 23 1.00 1.00 0.3 0.0 1.42 1.42 190.4 397 2274 1.01 4.14 JCT
Exterior Stringer 4 - CL-625 next to SW 9000 Moment kN-m CL1-625 SWLL Concrete S2 E3 INSP3 2.75 759 322 65 1.06 1.12 |1.30| 805 | 360 84 1248.8 Sophist. Other Normal Normal 814 136 1.00 1.00 0.3 0.3 1.42 1.42 1754.1 3003 3935 1.01 1.55 JCT
Exterior Stringer 1 - CL-625 next to curb 769 Shear kN CL1-625 OC Concrete S2 E2 INSP3 3.00 99 38 10 1.07 1.14 |1.35| 106 | 43 14 163.3 Sophist. Other Normal Normal 96 6 1.00 1.00 0.3 0.3 1.49 1.49 198.6 1322 1322 1.05 5.84 JCT
Exterior Stringer 1 - CL-625 next to curb 769 Moment kN-m CL1-625 OC Concrete S2 E3 INSP3 2.75 80 38 9 1.06 112 |1.30| 85 [ 43 11 138.2 Sophist. Other Normal Normal 74 5 1.00 1.00 0.3 0.3 1.42 1.42 145.5 284 1564 1.01 5.84 JCT
Exterior Stringer 1 - CL-625 next to curb 7624 Moment kN-m CL1-625 OC Concrete S2 E3 INSP3 2.75 486 182 43 1.06 1.12 |1.30| 515 | 204 56 774.6 Sophist. Other Normal Normal 518 38 1.00 1.00 0.3 0.3 1.42 1.42 1025.5 1800 2528 1.01 1.73 JCT
Interior Stringer 2 -Off center load 769 Shear kN CL1-625 OC Concrete S2 E2 INSP3 3.00 61 21 5 1.07 114 |135| 66 | 24 6 95.8 Sophist. Other Normal Normal 68 6 1.00 1.00 0.3 0.3 1.49 1.49 143.9 1322 1322 1.05 8.52 JCT
Interior Stringer 2 -Off center load 769 Moment kN-m CL1-625 OC Concrete S2 E3 INSP3 2.75 50 8 4 1.06 112 |1.30| 53 9 5 66.7 Sophist. Other Normal Normal 52 5 1.00 1.00 0.3 0.3 1.42 1.42 105.4 172 1564 1.01 8.52 JCT
Interior Stringer 2 -Off center load 7624 Moment kN-m CL1-625 OC Concrete S2 E3 INSP3 2.75 283 111 25 1.06 1.12 |1.30| 300 | 124 33 456.2 Sophist. Other Normal Normal 321 38 1.00 1.00 0.3 0.3 1.42 1.42 663.0 1119 2528 1.01 3.16 JCT
Interior Stringer 3- centered load 769 Shear kN CL1-625 Concrete S2 E2 INSP3 3.00 99 38 10 1.07 114 |1.35| 106 | 43 14 163.3 Sophist. Other Normal Normal 67 8 1.00 1.00 0.3 0.3 1.49 1.49 144.3 1322 1322 1.05 8.03 JCT
Interior Stringer 3- centered load 769 Moment kN-m CL1-625 Concrete S2 E3 INSP3 2.75 80 38 9 1.06 112 |1.30| 85 [ 43 11 138.2 Sophist. Other Normal Normal 51 6 1.00 1.00 0.3 0.3 1.42 1.42 105.7 244 2069 1.01 8.03 JCT
Interior Stringer 3- centered load 9000 Moment kN-m CL1-625 Concrete S2 E3 INSP3 2.75 264 115 26 1.06 1.12 |1.30| 280 [ 129 34 442.4 Sophist. Other Normal Normal 328 44 1.00 1.00 0.3 0.3 1.42 1.42 686.1 1129 3199 1.01 4.06 JCT
Min LLCF
Notes: Total 1.55
1. Load rating according to CSA - S6-14 (as per Section 14) 8 Target reliability index from Table 14.5 have not been increased due to Clause 14.12.5
2. Evaluation procedure: ULS method (as per Clause 14.5.2.2) 9 Dead load factors from Table 14.7
3. Highway Class C with Design Speed 60km/h 10 Live load factors from Table 14.8 for normal traffic
4. Dead Loads as defined by 14.8.2 11 Resistance adjustment factors from Table 14.15
5. Inspection Level 3 (INSP3) used for all load cases 12 Resistance Factors: Concrete = 0.75, Rebar = 0.90
6. Normal Traffic (CL1-625) 13 Material properties used to calculate resistances are as follows:
7. Critical distance taken from North abutment
Material Strength  Reference
Name Date concrete 25 MPa |drawing
D.R.Estey 'f\wf’/ 1/5/18 steel 250 MPa (S6-14
LS hé7 - Precast 45 MPa |drawing
I
I
J. Tong ﬂx 1/5/18




Bridge Information:

Name: Bridge 08 - Lions Bay Avenue over Alberta Creek (Driveway Access, = "

Construction: y A=Y B Engineering
. . and Land Services

Bridge Type: Cast-in-place concrete slab

Number of Stringers: 725 deep tapered CIP concrete slat

Span Arrangement: Simply Supported- 13.35m

Highway Class: A=1;B=2;C&D=3 3 1 Lane

Speed =60km/hr

November 22, 2017 Revisited: January 5, 2018

Table No. 2.8H Capacity Table

Normal Traffic (BCL-625)

Element Description Critical Target Reliability Index, Dead Loads Total LIVE LOAD CONTRIBUTIONS Total Resistance Live Load Quality Mz
Distance VEHICULAR TRAVEL Memb Behaviour Insp. Unfactored | Factors | Factored Factored | Lat. Dist. Span | Vehicle Type |Unfactored LL | Lane Factors T13.3 | DLA | a, | Factored| Factored Adjust. Fact. [Capacity Factol] Evaluator
Evaluation location along span (mm) Effect Units Lane 1NB | Lane2SB Type System | Element | Level B p1 | p2 | b3 | b1 | p2 |p3|p1] p2]| D3 DL Category Type | NB1 sB1 | NB1 sB1 | NB1 sB1 | NB1 | sB1 | NB1 SsB1 | LL DL +LL ¢Rn u LLCF |
CL-625 centre of lane 810 Shear kN CL1-625 Concrete S1 E2 INSP1 3.75 189 72 0 1.10 1.20 |0.00| 208 | 86 0 293.7 Sophist. Other Normal Normal 393 1.00 1.00 0.3 0.3 1.70 1.70 867.9 1610 1610 1.05 1.52 JCT
CL625 centre of lane 810 Moment kN-m CL1-625 Concrete S1 E3 INSP1 3.50 163 62 0 1.09 1.18 |0.00( 178 | 73 0 251.3 Sophist. Other Normal Normal 318 1.00 1.00 0.3 0.3 1.63 1.63 674.1 925 2168 1.02 1.52 JCT
CL625 centre of lane 6750 Moment kN-m CL1-625 Concrete S1 E3 INSP1 3.50 708 269 0 1.09 1.18 |0.00| 772 | 318 0 1089.4 Sophist. Other Normal Normal 954 1.00 1.00 0.3 0.3 1.63 1.63 2021.5 3111 3826 1.02 1.39 JCT
Min LLCF
Notes: Total 1.39
1. Load rating according to CSA - S6-14 (as per Section 14) 8 Target reliability index from Table 14.5 have not been increased due to Clause 14.12.5
2. Evaluation procedure: ULS method (as per Clause 14.5.2.2) 9 Dead load factors from Table 14.7
3. Highway Class C with Design Speed 60km/h 10 Live load factors from Table 14.8 for normal traffic
4. Dead Loads as defined by 14.8.2 11 Resistance adjustment factors from Table 14.15
5. Inspection Level 1 (INSP1) used for all load cases 12 Resistance Factors: Concrete = 0.75, Rebar = 0.90
6. Normal Traffic (CL1-625) 13 Material properties used to calculate resistances are as follows:
7. Critical distance taken from North abutment
Material Strength  Reference
Name Date concrete 27.5MPa |drawing (class A)
D.R.Estey . .7, 1/5/18 steel 400 MPa  |drawing

7 }"?i/;% .

J. Tong 1/5/18




y & 8] Engineering Bridge Load Capacity Evaluations
R Seces Village of Lions Bay — FINAL Report

Inspiring sustainable thinking

For the shear resistance of concrete beams, however, the calculation of the LLCF is an iterative process.
Using the following equations,

Vi = apVoL + LLCF(aLVLL)
M¢ = aoMpL + LLCF (aMLL)

The LLCF is calculated when V: converges to the value of Vr given above.

A summary of the calculations for the live load capacity factors are contained in the tables, in the form of
spreadsheets, at the end of this section for each bridge. The results shown in the table are for the flow of vehicles

in one direction in their respective lanes.

6 |0QM
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Bridge Load Capacity Evaluations
Village of Lions Bay — FINAL Report

3.0

Summary and Conclusions

Full load ratings were performed for eight Village owned bridges within its municipal boundaries in accordance
with CAN/CSA S6-14 Canadian Highway Bridge Design Code. The bridge load ratings were performed for normal

CL1-625 vehicle loads.

Minimum values from the analysis of the structural members (precast concrete box girders, precast trapezoidal
beams, cast-in-place concrete beams, steel WWF girders and timber floor beams) are tabulated below. Live Load
Capacity Factors (LLCF) values less than one indicate a failure, while LLCF less than 1.1 is considered an
unfavorable results, where Level 2 analysis would be recommended. Values listed are for each force effect type
(e.g. shear, bending) at a critical section. As noted in Section 2.8, the results are for direction flow of the traffic

lane.

Table 3.0: Governing LLCF Results

Bridge Element Description LLCF Pan:"or Comment
B1. Lions Bay Avenue Girder (Flexure) 1.49 Pass Moment at x = 9450mm
Bridge over Harvey Creek | Girder (Shear) 1.46 Pass Shear at x = 4650mm
B2. Isleview Place Bridge Girder (Flexure) 203 Pass Exterior girder at x =
over Alberta Creek Girder (Shear) 4.01 Pass 7624mm
(Lower) ) Exterior girder x = 769mm
B3. Isleview Place Bridge Girder (Flexure) 1.99 Pass Interior girder at x =
over Alberta Creek Girder (Shear) 5.65 Pass 8555mm
(Upper) Exterior girder x = 769mm
B4. Cross Creek Road Girder (Flexure) 2.43 Pass Interior girder at x = 10580
Bridge over Harvey Creek | Girder (Shear) 6.55 Pass Interior girder at x = 769mm
B5. Bayview Road Bridge Girder (Flexure) 1.90 Pass Interior girder at x =
over Alberta Creek . 8555mm
Girder (Shear) 8.45 Pass L _
Interior girder at x = 769mm
BG.. Bayview Road Bridge Steel (Flexure) 170 Pass Girder moment at x =
(Driveway Access) over 10489mm
Steel (Shear) 4.88 Pass . _
Alberta Creek . . Girder shear at x = 500mm
Timber (Flexure) 0.63 Fail ) _
Timber (Shear) 2.56 Pass Tie moment at x = 838mm
' Tie shear at x = 838mm
B7. Bayview Place Bridge Girder (Flexure) 155 Pass Interior girder gt X =
over Alberta Creek . 9000mm Exterior girder at x
Girder (Shear) 414 Pass _
=769mm
gﬁdLEg?/eBraAyleev::%ereek Girder (Flexure) 1.39 Pass Moment at x = 6750mm
9 Girder (Shear) 1.52 Pass Shear at x = 810mm

(Driveway Access)

The LLCF for the precast concrete stringers, reinforced concrete girders and steel girders have LLCF values over
1.0 for both bending and shear, indicating sufficient capacity to carry the live loads considered. The timber ties
have an LLCF of 0.63 in bending, indicating insufficient capacity to carry the CL1-625. This is due to the reduced
adjustment factor based on the splitting and rotting of the timber. As such, ISL recommends that bridge B6
Bayview Road Bridge over Alberta Creek has a reduced vehicle load of 22t. An example of the signage is shown
below. Since this bridge is a driveway access to private property, the reduced load rating should not impede

access for the residents.
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y & 8] Engineering Bridge Load Capacity Evaluations
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4.0
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NOTE:
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NOTES:
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ENDS OF EVERGREEN UNITS, (19 REQ'D)
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5

HOQTES

4 PL 10 x 40 EQUALLY SPACED

I BAR 123 x 50 LONG
0 s | 'g

/—H.S.S. 203.2 x 10%.8 x 835

1) FOR “GENERAL NOTES®, DETAILS, WESH REINFORCING, AND

BLOCK—QUT HOOKS, SEE 5D DWG HO. 2309--39.

2} STEELWORK FOR DRAIN TQ CONFORM TO C.S.ASPECIRCATION

G40.21 ~ MB1 (230 G)

3) DRAIN 1O BE GALVANIZED AFTER FABRICATION. WEIGHT OF

GALVANIZING TO BE 610 g/m?SPELTER COATING.

4) THE MINIMUM COMPRESSIVE CONCRETE STRENGTH SHALL BE:

34 MPa AT RELEASE
45 MPa AT 2B DAYS
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