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1.2

1.21

1.5

1.5.1

1.5.21

1.5.2.6

1.5.2.8

1.5.4

1.5.4.3

Section 1 General

DEFINITIONS

Administrative Definitions

Engineering Association: means Association of Professional Engineers and
Geoscientists of B.C.

Regulatory Authority: means the Ministry of Transportation of BC (MoT) or its
representative.

GENERAL PROVISIONS

Application

Formulations from other codes can only be used with the written approval of
MoT.

Design Philosophy

Geotechnical design will be undertaken using Working Stress Design, until
further notice.

Economics

The first sentence is amended to:

After safety, total life cycle costs shall be a key consideration in selecting the type
of structure but may not be the determining consideration on all projects.

Aesthetics
Add:

General guidelines for bridge aesthetics are given in the MoT’s Manual of
Aesthetic Design Practice.

Construction

The MoT Standard Construction Specifications take precedence over this section
of S6-00.

Construction Methods

Commentary:
Girders which require transportation by truck on the highway system shall be
sized in order that the following limits are not exceeded:
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1.6

1.6.2.1

1.6.2.2

Section 1 General
Length 47.5 m out to out including truck
Width 4.4m
Weight 64 tonnes including truck (GVW)

(Possible exemptions: Lower Mainland Horseshoe Bay to Langley - 81 tonnes.)
If particular girders are close to the guidelines or if a slightly larger girder is
required, the design engineer should inquire with the heavy haul division of Arrow
Transport, Davey Cartage and Rocky Mountain, where applicable, to see if the
above limiting constraints can be met.

The approximate limiting constraints for steel girders are the maximum length of
41.5 meters or weight of 43,500 kg.

The approximate limiting constraints for prestressed concrete girders are the
maximum length of 39 meters or weight of 43,000 kg. Girder weights shall be

calculated using concrete densities of 2650 kg/m3 for I-Girders and 2720 kg/m
for box girders to provide allowance for spread of formwork and higher
reinforcing steel densities.

3

For the transportation of very short heavy sections, trucking companies should
be consulted for girder weights that will meet bridge overload formula and 64
tonne maximum G.V.W.

The design engineer shall determine and verify whether the girder of a particular
length and weight can be transported to the bridge site, via, negotiating tight
corners and switchbacks and complying with posted load limits on bridges en
route.

GEOMETRY

General

This clause is amended such that curb heights shall be at least 200 mm. In
addition, the MoT supplement to the TAC Geometric Design Guide for Canadian
Roads shall be followed.

Clearances

Minimum vertical clearance shall be 5.0 m over all paved surfaces, including any
on- or off-ramp that pass underneath. The minimum vertical clearance shall be
increased to 5.5 m for pedestrian underpasses, sign bridges, and other
lightweight structures spanning the Highway.
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1.7

1.8

1.7.2

1.8.2

1.8.3

Section 1 General

The minimum vertical clearance shall be maintained throughout the life of the
structure, (i.e., long-term settlement of supports, superstructure deflection must
be accounted for).

Horizontal separation between structures shall be maintained at all locations to
ensure access for maintenance and to avoid pounding during seismic events...

BARRIERS

Roadside Substructure Barriers

This clause is amended by the addition of: The standard sidewalk railing shall
extend 3 metres beyond the bridge abutments.

When barriers are placed with less than a 125 mm clearance to a structural
component, the component shall be designed for full impacts loads.

AUXILLARY COMPONENTS

Approach Slabs

The inclusion of or provision for approach slabs on paved roads shall be based
on site specific conditions as approved by the MoT. The approach slabs shall be
6 metres in length, located at least 100 mm below the finished grade, anchored
to the abutments and shall be as wide as the deck. A cover of 70 mm shall be
used for the top reinforcing bars.

Approach slabs shall have a 100 mm minimum asphalt overlay but do not require
a waterproofing membrane.

The maximum permissible differential settlement between the abutment
supported end and the grade supported end of each slab shall be:

= At the end of the Warranty Period-25 mm;
= Long term (25 years)-50 mm

Approach slabs shall be provided for bridges on number routes where settlement
of greater than 50 mm is anticipated behind the abutment or in seismic areas 3
and 4. Approach slabs are not required on low volume roads.

Utilities on Bridges

For procedures and guidelines on installation of utilities on or near bridges, see

the Ministry’s “Utility Policy Manual.”

Page 13 of 138



BC MoT
Supplement to
S6-00

1.9

1.9.2

1.9.2.21

Section 1 General

DURABILITY AND MAINTENANCE

Bridge Deck Drainage

Commentary
In general the following objectives relate to bridge deck drainage:

=  The maximum encroachment into the road way by a flowing swale or gutter
shall not be more than 1.2 m rather than the 1.5 m given in the S6-00;

= Water must not pond on decks;
* Deck drainage inlets should be avoided when possible.

Deck drainage inlets are often not required for bridges with the following
characteristics:

* Two lanes or less;

*  Normal crossfall;

=  More or less symmetrical vertical alignment;

* Lessthan 120 m in length.

Runoff water from the surface of bridges and/or approach roads shall be
conveyed to discharge at locations that are acceptable to the environmental
agencies, and the MoT.

When deck inlets are required they shall use air drop discharge unless otherwise
directed by environmental agencies. Water may not be discharged onto railway
property, pavements, sidewalks or unprotected slopes. Discharge into rivers and
creeks require approval by the appropriate environmental regulatory agency.

Except near the crowns of vertical crest curves, a minimum longitudinal gradient
of 1.0% and a minimum of 2% crossfall shall be provided on bridge decks.
Sidewalk surfaces shall be provided with 2% crossfall.

Crossfall and Grades

The last paragraph is amended to read:

All sidewalks, safety curbs, tops of barriers, raised medians, or other deck
surfaces that are raised above the roadway, and are wider than 300 mm, shall
have a minimum transverse crossfall of 2% to direct surface runoff away from
median longitudinal expansion joints. Deck runoff from sidewalks can be
directed to the outside of the bridge.
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1.9.2.2.2

1.9.2.3

1.9.2.31

1.9.2.3.3

Section 1 General

Deck Finish

Drainage System

General

This clause is amended such that the maximum encroachment on to the traffic
lanes shall be limited to 1.2 m. Future settlement shall be considered when
locating drains.

Downspouts and Downpipes

This clause is amended by:
“Downspouts shall project a minimum of 500 mm below adjacent members ... “

Commentary

Scuppers for lateral drainage may be more effective and practical on flat grades
than having drainpipes installed in the prestressed concrete box stringers. The
scuppers are easily installed on a slope with the outlets fully embedded in the
deck overlay prior to the construction of the concrete parapets.

The position and length of discharge pipes shall be such that water falling at an
angle of 45° to the vertical does not touch and part of the structure.
Catchbasins are normally required just beyond the limits of the structure. A
continuous length of curb and gutter should be provided to connect the bridge
curb or barrier to the catchbasin to prevent washouts at the ends of the
wingwalls.

Drain pipes shall be straight to facilitate cleaning. Drains shall be galvanized.

Support brackets may be required for girders and steel trusses deeper than 2.3
metres.
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TOP OF DRAIN SET 13
BELOW TOP OF SLAB
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300 AROUND DRAIN.
S DECK DRAIN
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3-38 x 10 BARS
’\ ‘ (EQUALLY SPACED)
s/
IOOL
|::$:| cTa I:F:I
\ ! \
| | 37
| L
o N
| PIPE 219.1 0.D.
| | C__—
\ \
‘ ‘ 150 MIN BELOW UNDERSIDE
‘ ‘ OF PIER CAP OR STRINGER
| |
1.9.3 Maintenance Requirements

The following minimum clearances shall be maintained between the top of beam
and the underside of the superstructure to facilitate the inspection of bridges:

I-Beam Bridges (Steel or Prestressed Concrete) - 450 mm
Box Beam Bridges - 600 mm
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1.10

1.9.3.1.2

1.9.3.1.5

1.9.3.3

1.10.1.1.1

1.10.1.2

Section 1 General

i
‘ 1

—— 600 mm — BOX BEAM BRIDGES
| 450 mm — |-BEAM BRIDGES

Removal of Formwork

All formwork shall be removed.

Access to Primary Component Voids

“Drains shall be screened to prevent birds, animals, insects etc. from entering the
voids.”

Bearing Maintenance and Jacking

Enough vertical and horizontal space must be provided between the
superstructure and the substructure to accommodate the jacks required for
bearing replacement. As a rule-of-thumb a minimum vertical clearance of 150
mm is suggested. For steel girders the web stiffeners of the end diaphragm must
be located accordingly.

Connections between bearings and shoe plates should be bolted and not
welded.

HYDRAULICS DESIGN

General

Replace the first paragraph with the following:

The hydraulic design of bridges, buried structures, culverts and associated works
shall comply with the requirements of the TAC Guide to Bridge Hydraulics, (latest
edition).

Normal Design Flood
Replace the first paragraph with the following:

The return period for the design flood is as follows:

Bridges 200-Year
Buried Structures and Culverts (>3m Span) 200-Year
Low-Volume Road - Bridges/Buried Structures 100-Year
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1.10.1.3

1.10.1.5

Section 1 General

Commentary:

Floodplain maps are available for a number of locations throughout the Province
and show the areas affected by the 200-year flood. The maps are generally
drawn to a scale of 1:5,000 with 1 metre contour intervals and show the natural
and man-made features of the area.

For information on maps and air photos, refer to:
http.//wlapwww.gov.bc.ca/wat and click on “Floodplain Mapping”.
Maps BC, Victoria, BC

Low-volume roads shall be considered on roads with an average daily traffic ADT
(for a period of high use) total in both directions, not exceeding 500 vehicles per
day. The service function of low-volume roads is usually oriented towards local
rural roads, recreational roads, and resource development roads. Numbered
highways shall not be considered as low-volume roads for hydraulics design
purposes.

For additional information, refer to:
Guidelines for Design and Construction of Bridges on Low-Volume Roads — by
Engineering Branch, MoT.

Check Flood

Delete the paragraphs since these are not applicable to the Province of British
Columbia.

Design Flood Discharge

Replace the paragraph with the following:
The design floods shall be estimated by the following methods, unless otherwise
approved.

a) For large drainage areas (>25 km2

calculation methods are:

), the recommended design flow

= Station Frequency Analysis
= Regional Frequency Analysis

Commentary:
The most commonly used distributions to describe extreme flows in the Province
of British Columbia are:

= Extreme Value Type 1 (Gumbel)
=  Three Parameter Lognormal
= Log Pearson Type 3
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The Ministry generally uses the Log Pearson Type 3 distribution. Annual peak
daily and peak instantaneous flows are available from Water Survey of Canada
(WSC) gauging stations.

For information on Frequency Analysis, refer to:
TAC Guide to Bridge Hydraulics, Section 3.2 (June 2001)
http://www.msc.ec.gc.ca/wsc and search for “‘HYDAT”.

b) For drainage areas less than 25 km2, design flows can be estimated using

the following:
=  SCS Unit Hydrograph Method

If the drainage areas approach the upper limits, efforts shall be made to check
the results using other methods (e.g. measured flow data, regional frequency
analysis, etc.) and confirmed with an on-site inspection of stream channel
capacity.

Commentary:
For information on the SCS Method, refer to:

= TAC Guide to Bridge Hydraulics, Section 3.4.3 (June 2001).

Hydrologic soil groups and soil/land use curve numbers (CN) can be obtained
from the following:

= Soils Maps from the Ministry of Sustainable Resource Management.
Textural classifications provided by geotechnical investigations

c) For urban and small drainage areas (<10 km2), the recommended design
flow calculation is the Rational Method:

Qp = CiA_ where

360
Qp = peak flow, m*/s
C = runoff coefficient
i = rainfall intensity = P/T¢, mm/hr
P = total precipitation, mm

Tc = time of concentration, hr
A

drainage area in hectares
Commentary:

For information on the Rational Formula Method, refer to:
TAC Guide to Bridge Hydraulics, Section 3.4.1 (June 2001)
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In selecting the runoff coefficient (C), the land is considered as developed to the
limit of its zoning. For smaller drainage areas, detailed land use information may
be available, resulting in a more precise estimate of the runoff coefficients. With
larger drainage basins, only general information is usually available, resulting in
the need to use conservative assumptions of the runoff coefficients..

The table below from the Ministry of Sustainable Resource Management,

Hydrology Section presents conservative C values for coastal type drainage
basins where the maximum runoff occurs as a result of fall and winter rains.

Maximum Runoff Coefficients for Coastal Type Basin

Surface Cover/ Physiography Impermeable Forested Agricultural Rural Urban
Mountain (>30%) 1.00 0.90

Steep Slope (20%-30%) 0.95 0.80

Moderate Slope (10%-20%) 0.90 0.65 0.50 0.75 0.85
Rolling Terrain (6%-10%) 0.85 0.50 0.40 0.65 0.80
Flat (<56%) 0.80 0.40 0.30 0.55 0.75
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1.10.4.1

1.10.4.2

1.10.5.2

Section 1 General

The Water Management Method was developed by the Ministry of Sustainable
Resource Management, Hydrology Section, as shown above, is limited to
drainage areas up to 25 km’. The time of concentration is dependent on the
basin characteristics and the following parameters shall be considered:

flat approximately 0% slope
rolling approximately 1% slope
moderate approximately 2.5% slope
steep greater than 10% slope.

For agricultural and rural basins, the curves labeled flat and rolling should be
used. For forested watersheds, the curves labeled rolling, moderate and steep
should be used.

Scour Computations

The following information shall be added:
Hec-Ras numerical analysis is approved for the computation of general and local
scour based on the D5y and Dgy streambed particle sizes.

Commentary:

The sieve analysis is used for determining the streambed particle sizes, where:
Dso = Bed material particle size in a mixture of which 50% are smaller.

Dyo = Bed material particle size in a mixture of which 90% are smaller.

Soils Data

The following information shall be added:
If the Hec-Ras numerical analysis is used, the D5y and Dgg streambed particle
sizes shall be determined.

Commentary:

The sieve analysis is used for determining the streambed particle sizes, where:
Dsy = Bed material particle size in a mixture of which 50% are smaller.

Dyo = Bed material particle size in a mixture of which 90% are smaller.

Spread Footings

The following information shall be added:
Abutments and piers shall have piled foundations, unless otherwise approved by
the Ministry.

Commentary:

Use of spread footings for abutments and piers may be considered acceptable
on low-volume roads or in other special circumstances, provided a risk review
acceptable to the Ministry is carried out to satisfy the use.
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1.10.5.2.2

1.10.5.5

1.10.6.1

Section 1 General

Protection of Spread Footings

The following information shall be added:
Riprap and MSE walls shall not be considered as an “Approved Means” for
protecting the bottom of spread footings against scour.

Commentary:
The use of riprap may be considered as an “Approved Means” on low- volume
road bridges, if approved by the Ministry.

Protective Aprons

Replace the second paragraph with the following:

Riprap shall conform to the clauses in Section 205, of the Ministry Standard
Specifications for Highway Construction. The gradation of the class of riprap
shall be in accordance to Table 205-A of these specifications.

The class of riprap used shall be based on the design chart available in the
Ministry BC Supplement to TAC Geometric Design Guide, (2001), Section 1030,
Figure 1030A.

Commentary:

Refer to:

http.//www.gov.bc.ca and click sequentially on “Ministry and Organizations”,
“Transportation”, “Report and Publications”, “Engineering Publications”,
“Construction Maintenance Publications”, and “Standard Specifications for

Highway Construction”.

http.//www.gov.bc.ca and click sequentially on “Ministry and Organizations”,
“Transportation”, “Report and Publications”, “Engineering Publications”, “Traffic,
Electrical, Highway Safety and Geometric Standards Section”, and “BC
Supplement to TAC Geometric Design Guide, 2001 Edition”.

Backwater - General

The following information shall be added:
Hec-Ras numerical analysis is approved for determining the backwater profile.
Commentary:

Numerical analyses for backwater profiles are generally not required for low-
volume road bridges/buried structures, unless otherwise specified.
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1.10.7.1

1.10.9.3

Section 1 General

Soffit Elevation - Clearance

Amend the first paragraph:

Unless otherwise approved by the Ministry, the clearance between the soffit and
the Qg0 design flood elevation shall not be less than 1.5 metres for bridges; and
not less than 0.3 metre on low volume road bridges for the Qoo flood elevation.

Commentary:
Clearances shall be increased for crossings subject to ice flows, debris flows and
debris torrents.

For waters the Coast Guard declares Navigable a vertical clearance capable of
allowing passage of the largest air draft vessel at the 100 year flood level or the
HHWLT (Higher High Water, Large Tide). This allowance also includes a
calculation of maximum wave height. For small watercourses capable of carrying
only canoes, kayaks and other small craft a clearance of 1.7 meters above the
100-year flood level is considered adequate. For small watercourses less
clearance can be considered if cost and road design factors are compromised
significantly. The Coast Guard, having authority of works over or in Navigable
Waters, can declare other clearance requirements. Vessel Surveys and studies
may also be required to determine clearance requirements and navigable areas
and channel(s) within the waterway. Applications and communications with the
Coast Guard and Harbours' Boards shall be coordinated by the Rail, Navigable
Waters Coordinator

For additional information, refer to

http.//www.gov.bc.ca and click sequentially on “Ministry and Organizations”,
“Transportation”, “Report and Publications”, “Engineering Publications”, “Bridge
Engineering Section Publications”, and “Manual of Bridge Standards and
Procedures”.

Channel Erosion Control — Slope Revetment

The following information shall be added:

Riprap shall be used for protecting the bank slopes and bridge end fills of
abutments, and shall conform to the clauses in Section 205, of the Ministry
Standard Specifications for Highway Construction. The revetment shall be keyed
into the streambed to the estimated total scour depth. The revetment shall be
wrapped around the bridge end fills and both ends shall be keyed into the bank
slopes.

The riprap design chart is available in the Ministry BC Supplement to TAC
Geometric Design Guide, Section 1030, Figure 1030A.

Commentary: Refer to:
http://www.gov.bc.ca and click sequentially on “Ministry and Organizations”,
“Transportation”, “Report and Publications”, “Engineering Publications”,
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1.10.11.2

1.10.11.6.6 (a)

“Construction Maintenance Publications”, and “Standard Specifications for
Highway Construction”.

http.//www.gov.bc.ca and click sequentially on “Ministry and Organizations”,
“Transportation”, “Report and Publications”, “Engineering Publications”, “Traffic,
Electrical, Highway Safety and Geometric Standards Section”, and “BC
Supplement to TAC Geometric Design Guide, 2001 Edition”.

Culvert End Treatment

The following information shall be added:
Cut-off walls shall be used at both ends, unless otherwise approved by the
Ministry.

Commentary:
This will alleviate failure of culverts from uplift and piping during extreme flood
events.

In mid July of 2001, heavy rainfall up to 75mm over a period of 2 days resulted in
high flows in the creeks and rivers of Peace Highway District. A number of large
diameter culverts, without cut-off walls, on low volume roads were damaged or
washed away due to debris, piping and uplift.

Soil-Steel Structures

The following information shall be added:

Cut-off walls are required at both ends for closed-bottom type soil-metal
structures. Collar walls are required at both ends for open-bottom type soil-metal
structures.
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24

2424

24251

24252

50 PVC PIPE TO EXTEND THE FULL
HEIGHT OF WALL AND TERMINATE 150 mm
FROM TOP.

Section 2

Durability

DESIGN FOR DURABILITY

Bearing Seats

Bridges shall be designed with provisions for jacking during future maintenance

operations and the proposed locations and procedures for jacking shall be

indicated on the contract drawings.

Expansion and/or Fixed Joints in Decks

Joints shall be designed such that they can be easily accessed for maintenance
and inspection.

Joints in Abutments, Retaining Walls, and Buried Structures

Typical details for control joints are shown in Figure 2.4.2.5.2 below.

Figure 2.4.2.5.2 Typical Control Joint

12 THICK CAULKING
SIKA 1A OR EQUIVALENT
(FILL SIDE ONLY)

//\\//\\//\\//\\/\/\\//\\//\\//\,{\ DN NN NN NN
[TV o
|
| T
\ L/} B
. . o 4 . . .

\25 DEEP V—-GROOVE

TYP. BOTH SIDES
UPPER END OF PIPE TO BE

SEALED WITH A PROPER FITTING PVC CAP

2.4.2.6

2.4.2.7

NOTES:

— CAULKING IS TO BE PROTECTED WITH 12 THK x 150 WIDE
ASPHALT IMPREGNATED FIBREBOARD

— MAXIMUM SPACING OF CONTROL JOINTS = 3.0 m

Drainage

This clause is amended to require all downspouts to extend at least 500 mm
below adjacent members.

Utilities

The Ministry’s “Utility Policy Manual shall be followed for procedures and
guidelines regarding the installation of utilities on or near bridges.
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3.8.3
3.14

3.14.2
3.16
A3.3

Section 3 Loads

LIVE LOADS

CL-W Loading

The use of loads other than CL-625 requires the written approval of the MoT.

VESSEL COLLISION

Bridge Classification

Class | and Il bridges shall correspond to “emergency route” and “other bridges”
in Section 4, respectively.

CONSTRUCTION LOADS AND LOADS ON TEMPORARY STRUCTURES

It shall be the responsibility of the Contractor to ensure that loads developed as a
result of the construction methods can be properly carried unless a specific
construction methodology is required by the designer. Assumed construction
staging and loads shall be indicated on the drawings by the designer.

Actual construction live loads shall be approved by the MoT prior to construction.

VESSEL COLLISION

Method Il analysis is required for “Class II” bridges while either method can be
used for “Class I” bridges. This is consistent with the approach taken by
AASHTO 1991.
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This supplement to Section 4, Seismic Design, of the Canadian Highway Bridge
Design Code CAN/CSA-S6-00 (S6-00) outlines the specific requirements of the
B.C. Ministry of Transportation (MoT), the Regulatory Agency in British
Columbia, in the application of S6-00. This document must be read in
conjunction with the S6-00 for the seismic design and construction of
transportation structures under the jurisdiction of the Ministry.
“Transportation structures” in this document includes permanent structures
including:
= Bridges, including their foundations and supporting soils and end fills.
= Retaining walls.
=  Sign structures.
= Underground structures (refer also to the Ministry’s supplement to Section 7

of S6-00.)

= Snowsheds.
Commentary:
Transportation facilities not yet described in this Document include:
= Earth embankments.
= Dykes, marine or harbour facilities (including quay-walls).
= Other all-soil facilities.

4.1 SCOPE
Add the following paragraph:
Supplemental requirements for the seismic design, seismic evaluation and
retrofit design of bridges contained in this Document shall be adopted as
minimum requirements.

4.4 EARTHQUAKE EFFECTS

441 General

The third paragraph shall have the following sentence added at the end:

For structures in SPZ 3 and 4, earthquake load effects for capacity-protected
members shall be determined in accordance with capacity design principles for
forces resulting from inelastic action of members with which they connect.

442 Importance categories
Add the following paragraph immediately before the last paragraph:

Lifeline bridges in SPZ 3 and SPZ 4 shall be explicitly designed to ensure the
above performance requirements are met for both the 475-year and the 1000-
year return period events.
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Add the following sentences to the end of this clause:

Low Volume Road bridges are designated as "other" bridges unless otherwise
specified by the Ministry.

Structures classified as “lifeline” in project specific requirements in regions having
PHA < 0.08 shall be designed as if they are “emergency route” bridges in SPZ 2.

Commentary:

The Importance Category, along with the zonal acceleration level, lead to a
"Seismic performance zone" (SPZ) from Table 4.4.4.1. It is suggested that the
SPZ for LVR bridges be limited to a maximum of 2, whereas other highway
bridges may be as high as SPZ 4. This parameter, among others, is
subsequently used to determine the required minimum level of seismic analysis.

A discussion of the role and characteristics of bridges to assist in classification
are contained in S6-00 (code and commentary). The Ministry will designate the
Importance Category for each bridge. Additional background on comparable
performance objectives and damage levels are contained in ATC-32.
Performance objectives and damage levels contained in the more recent ATC-49
document are based on a 2500-year return period event (probability of of 2% in
50 years), which differs from S6-00.

To relate probabilities of exceedence, return periods, and design life the following
relationship is used:

R=[1-(1-p)"]"

Where

R = return period

p = probability of exceedence in period t

t = duration consistent with p (e.g.1 year for an annual probability of
exceedence)

Dividing the period (t) by the annual probability of exceedence provides a useful
approximation of the return period.
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4.4.3

Section 4 Seismic

Zonal Acceleration Ratio

Add sentence to clause (b):

The zonal acceleration ratio obtained from the Pacific Geosciences Centre shall
be the value having a probability of exceedence of 10% in 50 years. Requests
to the PGC shall specify that the methodology to be used will be consistent with
that used to derive seismic design values in Table A.3.1.7 (ie. for a bridge being
designed to S6-00).

Commentary:

The zonal acceleration ratio and methodology contained in S6-00 remains
appropriate at this time for the seismic design of bridges. It is recognized that the
proposed values and methodology contained in the draft NBCC 2005 make
several important changes for the design of buildings. Seismicity is based on
fourth generation seismic hazard maps developed Canada wide, and incorporate
a number of improvements to the definition of seismic hazard. Important
changes include:

Adoption of a probability level of 2% in 50 years (1000 year return period
rather than 475-year return period in S6-00)

Definition of spectral accelerations defining a complete firm ground uniform
hazard spectrum.

Adoption of a median level of hazard (50th percentile shaking) rather than a
mean level (65th to 75th percentile range) as implicitly used previously.

It is important to specify to the PGC that the methodology to be used is
consistent with that used to derive values for the S6-00 code. The methodology
currently used by default assumes zonal acceleration values will be consistent
with the NBCC 2005 methodology. Zonal accelerations and velocities derived for
the same return period (in this case 475 years) will therefore not be the same
using the old and new methodology. PGC scientists are aware of this issue, and
are able to provide values suitable for use with either the NBC2005 or the S6-00.
Harmonization of the two codes and methodologies may take a number of years
to complete

Figure 4-1 below illustrates the design spectra corresponding to S6-00 and the
firm ground uniform hazard spectrum for Vancouver, scaled down to a 475-year
return period. NBCC 2005 will provide the VHS for a 2500-year return period.
This plot illustrates that the spectral shapes are similar to this example, but
ordinates vary significantly at periods exceeding 0.5 seconds. Applying an
importance factor of 1.5 to the S6-00 plot would yield a design spectrum
significantly higher than the 2500-year firm ground VHS. As noted above,
harmonization and appropriate calibration to earthquake experience of S6-00

Page 32 of 138



BC MoT Section 4 Seismic
Supplement to
S6-00

with the proposed NBCC 2005 is necessary, and is expected to be performed for
a future release of S6-00.

Figure 4-1

NBC 2005 UHS for 475 yr RP vs S6-00 Elastic
Seismic Response Coeficient for 1 = 1.0

1.00

Period (sec)
——3S6-00C_sm — - -UHS, 475 yr RP, Vancouver

In addition, other parameters on both sides of the “demand” and “resistance” side
within NBC 2005 of the equation have been adjusted and calibrated for
consistency. These include importance factors, structural ductility factors, etc. In
particular, ductility factors have been broken into two components (Ro (over
strength) and Rd (ductility), which are multiplied together for a net reduction for
modified seismic design forces. During the calibration of forces undertaken for
past building codes in Canada, one objective was to avoid significant unjustifiable
changes in design force levels between codes. For the 2005 NBCC, significant
changes in seismic forces will be made, which vary with location and structural
period.

The necessary calibration and integration of the NBCC 2005 methodology into
the S6-00 framework has not been performed at this time. One aspect of the 4th
generation seismic hazard models that may be integrated into the seismic design
of bridges would the spectral shapes for the firm-ground uniform hazard spectra
(UHS). These would need to be calibrated and scaled to correspond to a 10% in
50 year hazard. A reasonable scale factor to convert the 1000-year return period
5% damped firm ground acceleration spectrum to a 475-year return period is 0.8.
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444

445

4451

Section 4 Seismic

While period-dependent, this single factor is believed to be applicable in British
Columbia in the period range of 0 to 2 seconds. It should be recognized that any
such linear scaling of the UHS would alter the probability of exceedence at some
periods; however, the error is likely to be less than currently contained in the
spectra implicit in S6-00.

Ad(ditional information is available in the Canadian Journal of Civil Engineering
(Volume 30, 2003) and through the PGC web site. Two selected references are:

Overview of seismic provisions of the proposed 2005 edition of the National
Building Code of Canada, by Art Heidebrecht, pg 241-254

Development of seismic hazard maps for the proposed 2005 edition of the
National Building Code of Canada, by John Adams and Gail Atkinson, pg.
255-271.

Refer also to Clause 4.4.7 of this supplement.
The Pacific Geosciences Centre in Sidney, B.C. can be contacted at:

(www.pgc.nrcan.gc.cal/index_e.html,
Phone: (250) 363-6500 Fax :(250) 363-6565).

Seismic Performance Zones

Commentary:

S6-00 prescribes a higher level of seismic design importance to structures in
SPZ 3 and SPZ 4. The SPZ is defined by the peak horizontal ground
acceleration (at 10% in 50 year probability) and the importance classification of
the bridge. SPZ affects analysis, performance, and detailing requirements. At
this time the implications on seismic design of various sites and bridges around
the Province has not been determined. Future editions of this Supplement may
propose modifications or refinements to the design process for selected bridges
and sites.

Analysis for Earthquake Loads

General

Replace second sentence with: “For modal methods of analysis specified in
Clause 4.4.5.3 the elastic design spectrum shall be that given by the equations in
Clause 4.4.7.”
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44.71

4.4.8

4481

Section 4 Seismic

Site Effects

Commentary:

Soil profile classifications are relatively broad and generic in S6-00, and Clause
4.4.6.6 allows for engineering judgement. Additional guidance may be found in
technical references supporting the proposed NBCC2005 code, ATC-32, and
ATC — 49. Comparison of soil classifications considering soil types, thicknesses,
and shear wave velocities are useful.

Commentary:
Replace the definition of “A” with the following:

A = zonal acceleration ratio specified in clause 4.4.3 or the PHA obtained
from the PGC or Appendix A4.

Importance factors “I” contained in this clause were based on a calibration of S6-
00 with the AASHTO LRFD guide seismic specifications in place at the time of
S6-00 writing. For “Lifeline” bridges an Importance Factor of 3 is specified. The
use of I=3 may lead to conservative design forces for some bridges and
components (e.g. abutment and connection forces, design plastic hinge forces in
single-column piers) as well as a disincentive for a ‘capacity design’ approach.
For “design-build” delivery, unless otherwise specified in project-specific design
criteria, the use of | = 3 shall apply.

Response Modification Factors

General

Add the following paragraph after the first paragraph:

The axial lands shall be taken as those consistent with the plastic mechanism
adopted for design.

Commentary:

This clause outlines the use of R factors for the design of ductile substructures
and provides simplifying assumptions for the design of superstructures having
concrete decks.

It further requires that substructure elements that resist lateral seismic loads be
..."designed and detailed to be ductile...” This requirement addresses piers
rather most typical abutments.

The intent of this clause is to ensure that good details are provided. For piers in

SPZ 1, only Clause 4.4.10.2 is applicable, and therefore the R=2 requirement of
Clause 4.4.8.1 applies only to minimum sizing.
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4.5

4.410

4.410.4.2

4.51

Section 4 Seismic

This document requires that lateral load-resisting substructures in SPZ 3 and
SPZ be designed using capacity design principles, and therefore will meet the
intent of this clause.

For lateral load resisting substructures (piers) in SPZ 1 and SPZ 2 elastic design
forces may be used. Clause 4.4.8.1 in conjunction with Clause 4.4.10.3 requires
that piers in SPZ 2 be sized as a minimum based on an R=2 using nominal
section capacities. Detailing requirements must, in addition, satisfy Clause 4.7
(and as modified in this document).

Design Forces and Support Lengths

Modified Seismic Design Forces (SPZ’s 3 and 4)

The second paragraph shall be deleted and replaced with the following
paragraph:

Capacity-protected elements, such as superstructures, cap-beams, beam column
joints and foundations (including footings, pile caps, and piles but not including
pile bents and retaining walls) shall be designed to have factored resistances
equal to or greater than the maximum force effects that can be developed by the
ductile substructure element(s) attaining their probable resistance.

Commentary:

For structures in SPZ 3 and 4, a seismic design approach based on ‘capacity
design’ principles is preferred over designs based on elastic force levels, or over
designs that do not consider demands arising from plastic mechanisms.

A design concept based on a clearly defined inelastic mechanism (whether
ductile sub-structures, base isolation, or other mechanisms) for which capacity-
protected elements are appropriately designed, and in which brittle failure modes
are prevented is preferred.

ANALYSIS

General

Remove third paragraph and replace with:

In modeling reinforced concrete sections of ductile substructures the effects of
cracking in appropriate members shall be taken into account in calculating

periods, force effects, force distributions, and deflections.

In other substructures, uncracked section properties shall be used in calculating
periods and force effects
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4.53.4

4.5.3.5

Section 4 Seismic

Add additional paragraph to the end of 4.5.1:
Sway effects shall be considered where appropriate in all bridge substructures.

Commentary:
Guidance on when and how to incorporate P-A effects can be found in ATC — 32
Clause 3.21.15.

Time-History Method (Multispan Bridges)

Commentary:

For the design of most new highway bridges in B.C. time history methods is not
required. Where time history methods are proposed, the objectives (design
benefits) should be clearly outlined, and the number of and characteristics of the
records should be developed in Consultation with the Ministry. The above shall
be fully described in a Project-specific Design Criteria to be developed by the
Designer.

Not less than three sets of time history records shall be used, each set
comprising three orthogonal records. The design response quantities will be
taken as the maximum from the three analyses. If five or more record sets are
used, the design quantities may be taken as the mean from the five analyses.

Static Pushover Analysis

Commentary:

Static push-over analyses are used to define the sequence of development of
inelastic action in ductile structures, to develop member design forces for ductile
substructures, and to assist in defining deformation capacity. They may also be
used to assist in defining stiffness and hysteretic properties for use in inelastic
dynamic analyses.

Guidance is available in Priestley and Calvi, SSRP91/03 (UC San Diego), and
ATC — 32, ATC - 49. The use of push-over analyses should also be considered
to confirm the expected performance of important new or existing bridges under
long return period events.
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4.6.4

4.6.5

Section 4 Seismic

Seismic Forces on Abutments and Retaining Walls

Add the following after the first sentence:

Active or passive pressures found from the Mononobe-Okabe method on
abutment walls shall be considered as appropriate.

A seismic coefficient (generally designated k in the literature) of not less than
50% of the ground acceleration should be used, and k, of zero may be used.
Where the design PGA (1:475, or 10% probability of exceedence in 50 years) in
excess of 0.25¢ is applicable, or where the wall system is rigid, then higher
values of ky, shall be adopted, or calculations demonstrating the anticipated
deformations of the wall shall be made. For wall or abutment designs where
displacement-based methods are proposed the approach and consequences of
analyses should be discussed and agreed with the Ministry and documented in
a project-specific Design Criteria Report.

Commentary:

The seismic coefficient is generally designated k;, in geotechnical references.
Note also that the nomenclature and equations contained in AASHTO differ from
those typically found in the literature on the Mononobe-Okabe method, requiring
care to ensure a consistent design approach results.

The most recent version of AASHTO allows 50% of the ground acceleration for
checking global stability, and 100% for internal stability of MSE walls. Note that
the implication of using 50% ground acceleration is normally that some
permanent deformation occurs, reportedly (AASHTO) under 50 mm in the
majority of walls. Tall walls (greater than eight meters) can be investigated in this
regard as part of the design.

Soil-Structure Interaction

Replace sentence with:

Soil — structure interaction analysis is required for lifeline and emergency route
bridges in SPZ 2 and for all bridges in SPZ 3 and SPZ 4. For bridge designs that
warrant soil-structure interaction, geotechnical input shall be obtained.

Commentary:

Soil-structure interaction should be included unless the merit or values of such
analyses are expected to be minor. Among the potential benefits from such
analyses would be an improved estimate of seismic deformations, a reduction of
effective seismic input motion, and improved estimates of demand distributions
among piers and abutments.
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A discrete spring approach for soil-pile behavior represents one relatively
straight-forward yet reasonable approach. In the absence of specific input from
a geotechnical engineer (e.g. for minor bridges) representative spring values
from either recent NAVFAC publications or other generally accepted technical
references should be used. For bridge designs that warrant soil-structure
interaction, geotechnical input should be obtained.

Fill Settlement and Approach Slabs

Replace first sentence with:

Approach slabs shall be provided in accordance with clause 1.8.2 of the B.C.
MoT Supplement.

Commentary:

Project specific design criteria will typically specify settlement slabs (6 m long,
measured normal to the abutment) as part of the structural design criteria. In
general approach slabs have benefits for post-seismic performance and vehicle
access. Settlement slabs shall be used for all bridges in SPZ 3 and 4 unless
specified otherwise.

CONCRETE STRUCTURES

Seismic Performance Zone 3

Replace second sentence with:

The transverse reinforcement at potential plastic hinge zones of beams or
columns shall be as specified in Clauses 4.7.4.1.4 and 4.7.4.1.5.

Commentary:

The reference to column tops is not applicable to all columns. A distinction
between hinging beams and columns is not appropriate in this context. Normal
design practice and Ministry requirements adopt hinging columns. Plastic hinges
in beams may occur, for example when link beams are used in tall piers.

Longitudinal Reinforcement
Replace entire clause with:
The area of longitudinal reinforcement shall not be less than 0.008 (0.8%) nor

more than 0.04 (4%) times the gross cross sectional area, A, of the column.
The centre to centre spacing of longitudinal bars shall not exceed 200 mm.
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Flexural Resistance

Delete the second paragraph of this clause.

Splices

Replaces the second paragraph with:

Lap splices in longitudinal reinforcement shall be permitted only in regions
where plastic hinges are not expected to occur, and the splice length shall not
be less than the greater of 60 bar diameters or 400 mm. These regions of
potential plastic hinges shall comprise the centre half of column heights or for
tall piers where rational analysis of a ductile substructure considering potential
plastic mechanisms shows moments to be less than 70% of the maximum
moments. The centre-to-centre spacing of the transverse reinforcement over the
length of the splice shall not exceed the smaller of 0.25 times the minimum
cross-section dimensions of the component or 100mm,

Commentary:
Splices should be limited to the centre half of columns where standard bar
lengths allow without adding un-necessary extra splice cost.

Column Connections

Delete the second paragraph of this Clause and replace with:

Lifeline and emergency route

For bridges in SPZ 3 and SPZ 4,the design of column connections, including
member proportions, details, and reinforcement, shall be based on beam-
column joint design methodologies as described in either:

ATC-32 Section 8.34

Seismic Design and Retrofit of Bridges, Priestley and Calvi (1996).
Caltrans Seismic Design Criteria (latest version, currently 1999)
ATC-49 Section 8.8.4

For bridges in SPZ 2, or for “other 'bridges’ in SPZ 3 and SPZ 4, column
transverse reinforcement as specified in Clause 4.7.4.1.4, shall be continued full
depth through the adjoining component, unless designed as specified above.

Commentary:

Rational design of beam- column joints is required for important bridges in high
seismic zones. In the absence of an explicit design, other bridges are to have
beam-column joints reinforcing extend the full depth of the joint.
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Confinement Length

Add sentence to the end of this clause:

For bridges in SPZ 3 and 4 and where plastic hinging may reasonably be
expected to form, concrete piles shall be designed and detailed as ductile
components so as to ensure performance similar to concrete columns designed
to Section 4.7.

Commentary:

Hinging in piles may be expected or may be explicitly designed in some bridges,
for example in extended pile bents or single-column caisson piers. In such
instances, or others where plastic hinges may occur below grade, the concrete
piles should be designed and detailed to ensure ductile behaviour.

Sway Stability Effects

Commentary:

This clause is included for steel structures, but not concrete structures.
Guidance on incorporating P-A effects can be found in ATC — 32 Clause
3.21.15.

SEISMIC BASE ISOLATION

General

Add to end of clause:

For designs using base isolation, the Designer shall submit to the Ministry a
Seismic Design Criteria document outlining key aspects and assumptions upon
which the design is based. This shall include bearing types, properties, potential
suppliers, recommended test requirements and acceptance criteria. Information
on soil profiles, basic firm ground and soft soil time history records, and how
displacements are accommodated at joints shall also be provided.

Site Effects And Site Coefficient

Replace asterisk sentence with:

Site specific studies shall be performed for bridges for which isolation systems
are proposed on Type IV soils.

Commentary:

Site specific spectra for soft soils may show that isolation is not effective. A
realistic assessment of non-linear deformations of the isolated system, and the
potential for unintended inelastic deformations in sub-structures, requires
realistic soil spectra.
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4.10.6 Analysis Procedures
Add sentence to the end of this clause:
Foundation flexibility and other relevant soil-structure interaction effects on
structural response shall be considered in analyses, and shall be included for
structures founded on Soil Profile Types Ill and IV.
4.10.7 Clearance and Design Displacement of Seismic and other loads

Add sentence to the end of this clause:

Allowance shall be made for thermal deformation demands in combination with
seismic isolation deformation demands on joint, bearing and railing details
unless otherwise approved by the Ministry. 40% of the thermal deformation

demands shall be combined with deformation demands from the base isolation
system.

4.10.11.2 (d) Prototype Test

Change cross reference from Clause 4.10.11.3 t0 4.10.10.3.

4.11 SEISMIC EVALUATION OF EXISTING BRIDGES
4111 Bridge Classification

Second paragraph should be edited to begin with:

“The lifeline and emergency route bridges,...”

Third paragraph should be replaced with:

For other bridges the provisions of clause 4.11 shall apply.

Commentary:

The Ministry’s stand-alone document “Seismic Retrofit Design Criteria in (2004)
document for the assessment portion of the retrofit criteria of existing bridges is

more comprehensive than this section of S6-00, and shall be adopted for
existing bridges.
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SEISMIC REHABILITATION

Performance Criteria

Add to the end of this clause:

Seismic rehabilitation (retrofit) design shall be in accordance with the Ministry’s

document “Seismic Retrofit Design Criteria (2004).”
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Introduction

The Ministry has concerns that the use of Limit States Design for foundation
design and geotechnical work, as mandated in CSA S6-00, may result in
inappropriate designs. Currently in the United States, AASHTO has provisions
for bridge foundation design in both Load Factored (limit states) and Service
Load (working stress). In Canada however, CSA-S6-00 provides only Limit
States Design provisions, and the Ministry would like designers to continue to
design bridge foundations using “working stress” practices.

Current bridge foundation design practice in BC varies. For the most part,
structures are designed in Limit States design (using factored loads according to
S6-00). However, geotechnical engineers often still provide “working stress”
allowable loads for foundation design. Structural designers then usually compare
these allowable with specified loads (unfactored) in the proportioning of the
foundations.

There are no valid Canadian Bridge Code provisions which provide
recommendations for unfactored load combinations. Also working stress codes
usually recommend increasing allowable loads by 25%, 33% or 50% when
designing for extreme loads. There does not appear to be consistent application
of these increases in BC practice. Designers likely vary in the load combinations
and factors they use for foundation design. In addition there is likely
inconsistency in how bearing stresses and pile loads are distributed.

Live Load design trucks, and load factors within AASHTO differ from those in
CSA S6-00, and it is potentially dangerous to apply AASHTO Service Load
Design provisions in Canada.

The Ministry is therefore providing the following guidance to designers in order to
obtain more consistency in design practice.

S$6-00 Section 6 — Foundations
Foundation designs for bridges shall meet the following requirements.

=  Working stress design shall be used in the proportioning of foundations in
lieu of the Ultimate Limit States requirements of CSA S6-00 for geotechnical
design. Loads shall be developed in accordance with CSA S6-00, and shall
be combined according to the following table. Geotechnical working stress
allowable stresses and loads may be increased for exceptional loads as
indicated.
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Permanent Loads Transitory Loads Exceptional % of geotechnical
Loads working capacities
Loads | D E L w EQ %
1 1 1 1 100
2 1 1 1 125
3 1 1 .85 .5 125
4 1 1 1.0 200
D dead load
E loads due to earth pressure and hydrostatic pressure including
surcharges other than dead load
L live load, including dynamic load allowance when applicable, based on
CL-625 Truck or Lane
EQ earthquake load

= The serviceability requirements of CSA S6-00 shall be met.

= The distribution of soils pressure shall be consistent with properties of the soil
and the structure, and with established principles of soil mechanics.
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INTRODUCTION

Previously, neither the MoT standards nor CAN/CSA-S6-88 Design of Highway
Bridges included any specific reference to Buried Structures. Section 7 of
CAN/CSA-S6-00 (CHBDC) now addresses Buried Structures.

CHBDC Section 7 — Buried Structures

71 Scope
Add the following paragraph:

Buried structures with span smaller than, or equal to, 3m may also be designed
to CHBDC Section 7, but the Designer shall pay due regard to empirical methods
and solutions that have a proven record of success for small diameter culverts.

Commentary:

The S6-00 Commentary (C7.1 Scope, and C7.6 Soil-Metal Structures) indicates
that the provisions of Section 7 apply only to buried structures with span (Dy)
greater than 3m, but the S6-00 does not provide design guidance for smaller
structures.

Add the following paragraph:

In addition to the design of new buried structures, the provisions of Section 7
shall also apply for evaluation or overload rating of existing buried structures.
However, the provisions of Section 14 (Evaluation) shall be used to derive the
appropriate live load factor for evaluation or overload rating of buried structures.

Add the following requirements:

For all types of buried structures, the Plans shall specify the following design
information:

= Type of Buried Structure;

= Highway Design Loading;

= Unit Weight of Backfill;

=  Depth of Cover, H;

= Depth of Cover, Hc, at intermediate stages of construction;
= Construction Live Loading assumed in the design (corresponding to Hc);
= Geometric Layout and Key Dimensions;

=  Foundation and Bed Treatment;

= Foundation Allowable Bearing Capacity;

= Extent of Structural Backfill;

= Conduit End Treatment;
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= Hydraulic Engineering Requirements, as appropriate;
= Roadway Clearance Envelope, as appropriate; and,
= Concrete Strength, as appropriate.

Add the following requirements:

For Soil-Metal Structures and Metal Box Structures, the Plans shall also specify
the following design information:

= Design Life;

= Plate(s) Thickness and Coating System;

= Corrosion Loss Rates (for substrate metal and for coating system);
= Assumed Resistivity of Soil Materials;

= “pH” Range for Groundwater and/or Streamflow, as appropriate;

= Seam Strength at Critical Locations;

= Conduit Rise, Dy and Span, Dy;

= Radius at Crown, R¢;

= Radius at Spring-line, Rs; and,

= Radius at Base, Ry,

Add the following note:

Specifications for materials, fabrication and construction of buried structures shall
be in accordance with MoT Standard Specifications for Highway Construction
(2004), Section 303 Culverts and Section 320 Corrugated Steel Pipe. In the
event of any inconsistency or conflict between the MoT Standard Specifications
and S6-00, then the MoT Standard Specifications will take precedence and
govern.

Notation
Add the following note:

Two separate notations for “A_” appear in S6-00 Section 7, one on page 254, and
one on page 255. Both descriptions for “A,” are valid.

Load Factors
Add the following requirement:
When checking buried structures for buoyancy (Clause 3.11.3 also refers), the

Designer shall consider the potential effects of soil-structure interaction and soil
particle behaviour.
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Commentary:

Section 7 refers generally to Section 3, Clause 3.5.1, for load factors but design
of buried structures against buoyancy effects is not addressed. For buried
structures, wall friction is usually dependent on actual soil-structure interface
properties achieved during construction, and thereafter, so a conservative
minimum value is appropriate for the buoyancy check. Also, a conservative
assumption of actual soil state (minimum active or minimum at-rest) is
appropriate to assure safety against buoyancy.

Seismic Design of Concrete Structures

The contents of this Clause are deleted and replaced with the following sentence:

For concrete buried structures, the effects of earthquake loading shall be
computed in accordance with Clauses 7.8.4.1 and 7.8.4.4 (as modified herein).

Commentary:

It is inappropriate to rely solely on the requirements of Clause 7.8.4.4, especially
for large span buried structures, since that clause addresses only vertical, not
horizontal, eart