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Bridges in North America

— 70,000 in Canada and 710,000 in the U.S.
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Figure 1 —U.S New Bridge Material Comparison, 1950-2000
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Timber Bridges in the U.S.

Total number of U.S. bridges is 712,313
Of which the number of timber bridges is 24,599 (3.4%)
And the number of timber decked bridges is 45,985 (6.4%)

- 1500+ I 1,000-1,500 500-1,000

Figure 2 - U.S. States With More than 500 Timber Bridges, December 2010
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Table 1 —Top 10 U.S. State Timber Bridges, New & Reconstructed, 2001-2011

m Reconstructed Total
183 67 250

I —

Figure - U.S. Timber Bridge Market Segments, 2001-2011

. H New public

B Reconstructed public

' ¥ Private developments

Table 2 - U.S. Timber Bridge Structural Evaluation

Bridge closed

Basically intolerable requiring high priority of
replacement

Basically intolerable requiring high priority of

corrective action

Meets minimum tolerable limits to be left in place as 4,573 18.6
is

being left in place as is
Supe to present desirable criteria 71 3
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The Profile of New Timber Bridges
| [Number [Percent]

Town or Township Highway Agency 38 4.8 _

City or Municipal Highway Agency 45 5.7 Three or more 2 B
Total 780 99.5
State Park, Forest, or Reservation Agency 18 2.3 M 5

State Highway Agency 24 3.1

2 3 — 1000
1 1 Table 4 — U.S. New Timber Bridge
1 a1 Number of Lanes, 2001-2011

Army 17 2.2

Total bridges 784 100.0

N o imber Rrido 0

Stringer/Multi-beam

or girder

18 23
Ms18/Hs20 | |  [Mother S 2.7

MS 18+Mod / HS 20 26 Total bridges 784 100.0
20+Mod

MS 22.5 / HS 25 67 8.5 Table 6 — U.S. New Timber Bridge Type
777 99.1 of Design/Construction, 2001-2011
(Missing [ 9
Total Bridges 784 100.0

MS 13.5 / HS 15
M 18 /H 20 45




Design Truck two

plus

SRR

Design Lane Loadmg

Tandem Vehicle

Uniform load of 840 Ibs per linear foot (9.34 kN/m)

8 Kips 32 Kips 32 kips 25 kips 25 kips
(356KN)  (1423KkN)  (142.3kN) (111.2kN) ( 111.2kN) Truck/lane loading
— - — -—4f . . .
{~ wam {msm-anm Fr— 2| configuration in USA
) .0 of 0.0
R T R S T T

Truck/lane loading
configuration in Canada

o

1

11.2 kips 28.1 kips 28.1 kips 39.3 kips
(50 kN) (125 kN) (125kN) (175 kN}

kS
0

CL-625 Design Vehicle
OR

Lane load is 80% of the above axle loads with a

superimposed lane load of 616.7 Ib/t (9 kN/m)

w
rh

I LT G
CL 625 Lane Loadlng

Material, 2001-2011

Total bridges 3317 321
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Table 7 — New U.S. County Bridges, Design Load MS18/HS20, Maximum Span Length &

Type of Material

Concrete Concrete Steel Steel Prestress Prestressed Timber

149

89

14

continuous continuous  -ed concrete
concrete continuous
Less 3211 719 710 67 79 1
than
7.5
7.5to0 1825 915 1695 69 1102 140
less
than 15
15and 191 260 912 185 2602 457
greater

ORK
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NewlL<7.5m

Prestressed concrete
continuous

Prestressed concrete
2%

Steel continuous 0%
1%
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Prestressed concrete
continuous
2%

Steel continuous
1%

New7.5m<L<1

Timber
2%
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NewlL>15m

Timber
0%

ReplacementL<7.5m

Prestressed concrete
continuous
0%
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Replacement 7.5 m<L<15m

Prestressed concrete
continuous
3%

ReplacementL>15m

Timber
1% Concrete continuous
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Table 8 — U.S. Timber Deck Total, by Type of Bridge Material

Other B 0

Concrete 124

3
33 1
T 2 IS
w26
120 3
3 0
Woodortmber | | |
1 0
3

ht Iron or Cast Iron 132
Total bridges 45,985 100.0
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* Afew facts
— Maximum length of span
* 60% of new timber bridges span < 7.5 m

* 50% of replacement timber bridges span
<75m

* Bridges with longer spans are the target

— Roughly twice as many timber decks
than bridges
* Demand for timber deck materials

* Largest existing current market
opportunity in the US

— County bridges, HS20 design load, a
maximum span over 7.5 m
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for engineered wood products Top: Alton Sylor Memorial Bridge, US, 52 m (170 ft)
Bottom: Hiroshima Airport Bridge, Japan, 145 m (476 ft)
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Timber Bridges in Canada
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Timber Bridges in Canada

Past

— Wood was a prominent structural material used in bridge
construction up until the 1950s.

— Due to abundance of forests

Present =

— Fell out of use in favour of steel and concrete

* In Ontario, 250 wood bridges out of Province’s inventory of 3000
bridges

— Why wood fell out of favour?

* Spans associated with conventional wood bridges were relatively
limited

* Wood can decay; treatments can be both a bonus and a penalty.
 Lack of wood design knowledge
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Timber Bridges in Canada

* Today and future

— New technologies
* High quality engineered wood products

* Composite configuration: Carbon and glass fibre
reinforced polymers (FRP), high performance concrete
and epoxies

* Major improvement in treatment methods

— Resurgence of wood as a modern and yet
sustainable bridge building material

— Aesthetic and cultural considerations

R e / eXelelwonxs:
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Engineered Wood Products

* Laminated veneer lumber
(LVL) & Pa ra”el Strand 100% Preservative Penetration
lumber (PSL) i '

* Minimize the presence of
inherent defects

* More effective preservative
penetration

* Waterborne treatments are
permitted for PSL by CSA S6

" *7 e
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PSL IN BRIDGES

Why PSL?

Domestic Product
Local Labour
Durable/’Palatable’
Contemporary Material

Sustainable Material
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PSL IN BRIDGES

,—PRE-DRILLED HOLES
2} FOR STRESSING RODS

j=—INTERLOCKING
| KEYS
203.5 | 203.5 I 203.5

TEE BEAM SECTION

78

252

Stress Laminated Tee Beams

3500 | 1600
TRAFFIC LANE SHOULDER

ASPHALT WEAR SURFAC| THRIE BEAM RAILING SYSTEM

PRE-STRESSING RODS PSL TEE BEAMY
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Rushing River Bridge 1996

Stress Laminated Tee Beams;
Penta Treated

Composite Concrete/Wood/Carbon
Configuration

» Traditional composite wood/concrete
bridge configuration
* Spans typically in the order of 6 m

* Many were built in 1950’s and
continue in operation today

End distance,
600 mm (approx.)
38 mm
(approx.) ‘
- Spacing,
600 mm

(approx.)

150 mm
(typ.) (approx.)

38 mm (min.)

150 mm
150 mm
(yp)

Depth of groove, '

6107 mm

laminations

Figure 9.3

Details of wood-concrete interface

1} Width of

groove,
12mm

ouncil

Shear key reinforcing
nail; spike inclined
toward nearest support,
including internal support

Figure 9.4
Alternative details of wood-concrete interface
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Composite Concrete/Wood/Carbon Configuration

out pockels

hecr key reinforcing
stoinless steel screws

CFRP doweois ploced

in shear keys

recost concrele
deck element

GiRP bors
CFRP tendons - ~ 78 % 4B
t% PSIL bitlet
Grout sheor - He 1 billets
siots Epoxy

FRP reds
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Composite Concrete/Wood/Carbon
Configuration

200 mm 200 mm 200 mm . R .
e— Combine High Performance Materials
Engineered Wood (PSL)
600 mm Precast Concrete
orrooms|  [ofaemars|  [oFreeees Carbon Fibre Reinforcing
AR
Beam 1 Beam 2 Beam 3

Figure 8 Full-scale specimen cross-sections
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Svekova et al, University of Manitoba

Carbon Rods MTO Concept
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Mather Cr Bridge

Eramosa-Garafraxa Townline Road
Replacement Bridge
Location: near Fergus, Ontario

Span: 11.8m
Width: 10m; two lanes
Skew: 18 degrees

The provided bridge resulted in a
structure 50mm thinner than the
originally-proposed precast concrete
structure and approximately 20%
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Total length: 52.2 m
Width: 5.8 m; one design lane

Location: Ottawa, Ontario

Minto Bridge West Deck Replacement

Codes and Standards

e Canada: Canadian Highway Bridge Design Code (CAN/CSA-S6)

One of the first to adopt limit states design
References CSA Standard O86 Engineering Design in Wood

References CSA Standard O80 Series for preservative treatment as well as
AWPA Standards

Addresses sawn lumber, structural composite lumber (LVL & PSL) & Glulam
Section on Fibre-reinforced structures (Section 16)

: AASHTO-LRFD Design Specification

Recently adopted limit states design
References NDS & AITC 117

Follows AASHTO M133 for preservative treatment and references AWPA
Standards

Only addresses sawn lumber & Glulam

* Comparison (Groenier, J. and Wacker, J. (2008) Designing Timber Bridge
Superstructures: A Comparison of US and Canadian Bridges Codes. Structures
Congress 2008.)
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Conclusions & Discussions

A long history of wood bridges in North America
Challenges and opportunities

Resurgence of wood as a modern and yet
sustainable bridge building material

Suggested actions

— Educating the design community

— Development of design tools (publications & software)
— Adoption of new products & technology

— Development of market strategy

— Awareness of sustainability of bridges
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