
	[image: image1.png]



	10th International Conference on Short and Medium Span Bridges

Quebec City, Quebec, Canada,

 July 31 – August 3, 2018

	[image: image2.png]





GLUING IT ALL TOGETHER – A GLULAM BRIDGE CONCEPT FOR THE CANADIAN MARKET
Lehan, Andrew R.1,3 and Moses, David M.2 

1 Brown & Co. Engineering Ltd., Canada
2 Moses Structural Engineers Inc., Canada
3 andrew.lehan@brownandcompany.ca
Abstract: Glued-laminated timber (glulam) enables large volume beams to be assembled by gluing together low-cost dimension lumber.  Renewed interested in the environmental sustainability of building with wood has industry and governments looking for opportunities to expand the use of wood in construction of bridges and buildings. The invention of waterproof adhesives in the mid-1940’s allowed for the reliable outdoor use of glulam in bridge structures.  Glulam has since been used in both bridge girders and bridge decks internationally, but only recently in Canada.  Glulam bridge deck panels were developed in the 1970’s by the United States Forest Products Laboratory.  They offer a light-weight, prefabricated decking solution that is quick and easy to install.  Glulam decks are commonly combined with glulam girders to comprise an entirely glulam bridge, including glulam stiffener beams to interconnect adjacent deck panels and glulam diaphragms to brace the girders.  This structural system has since become commonplace in American timber bridge engineering.  Despite its popularity in the United States, the use of this system has been rare in Canada, likely because it is not well-addressed by the Canadian Highway Bridge Design Code.  This paper proposes design criteria for the formal introduction of this bridge into the Canadian market.  A prototype, 18 m, single-span glulam bridge is presented to demonstrate the concept.
1 introduction
There is a renewed interest in wood bridges in Canada.  Industry and governments are searching for opportunities to expand the use of wood in construction for reasons of environmental sustainability and local economic development (Ontario Ministry of Natural Resources 2016).  Recent innovations include wood-concrete composite systems strengthened by fibre-reinforced polymers or post-tensioning steel, and the use of engineered wood products like laminated veneer lumber and parallel strand lumber (Krisciunas et al. 2010, Lehan 2012).  Despite this renewed interest in innovative wood technologies for bridge design, Canadian bridge engineers have been hesitant to use a highly beneficial and more time-tested engineered wood technology: structural glued-laminated timber (glulam).
Glulam is an engineered, stress-rated wood product consisting of two or more laminations adhered together to form a structural member.  The laminations consist of sawn lumber that has been visually graded for defects and mechanically tested for stiffness (Canadian Standards Association (CSA) 2016).  The laminations are bonded together under pressure using a glue adhesive, typically phenol resorcinol formaldehyde (Forest Products Laboratory (FPL) 2010).  Glulam manufactured in Canada must conform to CAN/CSA-O122-16 Structural glued-laminated timber (CSA 2016) and CAN/CSA-O177-06 (R2015) Qualification Code for Manufacturers of Structural Glued-Laminated Timber (CSA 2015).  

Glulam offers many advantages relative to sawn wood structural members, particularly with regards to size, shape, strength, stiffness, architectural effects and dimensional stability (FPL 2010).  For example, large structural members can be manufactured using smaller trees, and trees are a renewable resource (American Institute of Timber Construction (AITC) 2012). Wood is also more environmentally friendly than competing bridge materials like concrete and steel (Government of Ontario 2017).
The development of waterproof adhesives in the mid-1940’s enabled the reliable use of glulam in exterior applications (Ritter 1992).  Glulam thus became an attractive bridge engineering material.  The United States Forest Products Laboratory (FPL) undertook research in the 1970’s to develop glulam bridge deck panels (McCutcheon and Tuomi 1973, McCutcheon and Tuomi 1974).  These panels were found to be a light-weight decking solution that was quick and easy to install.  They subsequently became a popular deck system for glulam girders, resulting in an entirely glulam bridge that has since become commonplace in American timber bridge engineering (AITC 2012).  Figure 1 illustrates a two-span glulam bridge constructed in Delaware County, Iowa.
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Figure 1: Two-span glulam bridge in Delaware County, Iowa (Photo Source: James Wacker of the United States Forest Products Laboratory)

Despite its popularity in the United States, the glulam bridge solution has rarely been used in Canada, likely because it is not well-addressed by the Canadian Highway Bridge Design Code (Taylor and Keenan 1992).  This paper proposes design criteria and guidance for the popularization of this bridge in the Canadian market.  A prototype, 18 m, single-span glulam bridge is presented to demonstrate the concept.  Where applicable, references are made to the CAN/CSA-S6-14 Canadian Highway Bridge Design Code (CHBDC), CAN/CSA-O86-14 Engineering Design in Wood (CSA O86), the AASHTO LFRD Bridge Design Specifications (AASHTO), and the US FPL’s “Wood Handbook – Wood as an Engineering Material” (Wood Handbook).

2 prototype design
This paper was authored to demonstrate the design concepts for a prototype bridge comprised of glulam deck panels with stiffeners beams on glulam girders.  The prototype was developed as part of the recently published Ontario Wood Bridge Reference Guide.  The bridge features a single-span that carries a two-lane highway 18 m across a stream.  The bridge follows a tangent horizontal alignment and a 1.50% tangent vertical profile.  The highway cross-section is comprised of two 3750 mm-wide driving lanes, two 3300 mm-wide shoulders, and two 305 mm-wide glulam curbs, for a total deck width of 14110 mm.  This cross-section complies with the Geometric Design Standard for Ontario Highways document by the Ontario Ministry of transportation, including 2002 revisions (MTO 1985, MTO 2002).  It is acceptable for an undivided arterial road with a design speed of 110 km/h, which describes the Trans-Canada Highway in many parts of the country.  Figures 2 illustrates an elevation of the prototype design.
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Figure 2: Elevation of the prototype bridge

Figure 3 displays the cross-section of the prototype glulam bridge.  The typical system consists of glulam deck panels spanning perpendicular to traffic across a series of glulam girders.  The deck panels are assumed to be non-composite with the girders for design purposes.  They are usually waterproofed and paved.  The barriers are typically comprised of glulam or steel.  Glulam stiffener beams are used to connect adjacent deck panels, and glulam diaphragms are used to brace the girders.  
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Figure 3: Cross-section of a typical glulam bridge

The protype design uses 14110 mm x 1178 mm x 215 mm glulam deck panels.  A 10 mm gap was left between panels to allow for swelling perpendicular to grain.  Asphalt impregnated fibreboard was proposed as a joint filler material.  The stiffener beams were 215 mm wide and 114 mm deep.  The interior girders were 215 mm wide and 1634 mm deep, resulting in a span-to-depth ratio of 11.  The exterior girders were 265 mm wide to control superstructure vibrations at SLS, which were found to govern the design.
3 preliminary design
The “Standard Plans for Timber Bridge Superstructures” document by the US FPL (Wacker and Smith 2001) was used for preliminary design.  This document contains designs for wood bridges comprised of glulam deck panels on glulam girders.  AASHTO and the CHBDC have been found to yield similar results for wood bridge designs (Wacker and Groenier 2010), so relying on this document should generally result in suitable preliminary designs.
4 detailed design
4.1 Materials
The CHBDC currently only specifies material properties for glulam comprised of Douglas Fir-Larch laminations, but the forthcoming 2019 edition of the CHBDC is expected to also include material properties for glulam comprised of Spruce-Lodgepole Pine-Jack Pine laminations.  These expected material properties were used for the structural analysis and design of the prototype glulam bridge.
Wood is an orthotropic material, meaning that it has distinct mechanical properties about three orthogonal axes.  These axes are commonly referred to as the “longitudinal”, “radial”, and “tangential” axes (FPL 2010).  Designs predicated on three-dimensional structural analysis require material properties in addition to those specified in the CHBDC.  Orthotropic material properties were determined from Table 5-1 of the Wood Handbook (FPL 2010) for the design of the prototype glulam bridge.
The forthcoming 2019 edition of the CHBDC is expected to be revised to align with the design equations, variables, and assumptions specified in CSA O86.  The current and previous editions of the CHBDC provide material properties that include embedded service condition and treatment factors.  A “semi-wet” service condition was assumed for design of the prototype glulam bridge girders. A “wet” service condition was assumed for the design of the prototype glulam bridge deck panels.  Field studies have shown that the combination of the deck panels and wearing surface tends to keep the girders dryer than the deck panels (McCutcheon et al. 1986), to the point where a “semi-wet” service condition is an appropriate design assumption.  Connections were designed for a wet-service condition, regardless of anticipated moisture content of the members, because steel connection hardware tends to develop condensation and trap moisture.  This design assumption is consistent with CHBDC clause 9.15.2.
All wood in permanent structures is required to be preservative treated, per CHBDC clause 9.17.1.  Glulam is typically treated with an oil-borne preservative after gluing.  It is a requirement of CHBDC clause 9.17.3 that all glulam be incised before preservative treatment to obtain deeper and more uniform penetration of the preservative (CSA 2014b).  Incising does not appreciably reduce the strength of glulam when the incising occurs after gluing of the laminations (APA  - The Engineered Wood Association 2013), as is the case for glulam members treated with an oil-borne preservative.  It was assumed that all glulam members of the prototype glulam bridge would be treated with an oil-borne preservative and incised after gluing, so the treatment factor was taken as unity.  The design assumed no additional strength reduction due to the use of an oil-borne preservative.
4.2 Loads & Imposed Deformations
The loads and imposed deformations were calculated in accordance with Section 3 of the CHBDC.   The dynamic load allowance, imposed deformations, and the live load braking forces are discussed here.  The dynamic load allowance was reduced by 30%, per CHBDC clause 3.8.4.5.4.  This reduction accounts for the improved response of short span structures to dynamic loading and for the inherently superior damping qualities of wood relative to other conventional bridge materials (CSA 2014b).
Wood is not dimensionally stable when its moisture content is below its fibre saturation point.  For most wood species, the fibre saturation point is approximately 30% (FPL 2010).  The moisture content of glulam used in bridge applications tends to range from 14% to 20% (McCutcheon et al. 1986), meaning that the glulam is prone to shrinkage and swelling due to decreases and increases in moisture content, respectively.  Significant shrinkage and swelling occurs perpendicular to grain compared to parallel to grain. Refer to Table 4-3 of the Wood Handbook (FPL 2010) for relevant shrinkage and swelling properties of various wood species.  For design purposes, the shrinkage/swelling strain perpendicular to grain was assumed to be equal to 2000 x 10-6 per percent change in moisture content.  Similarly, a strain of to 50 x 10-6 per percent change in moisture content was assumed for the longitudinal direction. Small 10 mm wide gaps were left between adjacent deck panels to allow shrinkage/swelling without restraint.
Per CHBDC clause 3.9.1, it is not necessary to consider superimposed deformations due to temperature when designing wood bridges.  The associated commentary clause does, however, indicate that restraint forces for which the structure was not designed are to be avoided (CSA 2014b).  Consequently, it is recommended that the designer allow for longitudinal thermal movements when designing the bearings (Taylor and Keenan 1992).  The coefficient of thermal expansion typically ranges from 3.1 to 4.5 x 10-6/°C for most wood species (FPL 2010).  The coefficient was assumed to be 4 x 10-6/°C for design purposes.  The structure was conservatively assumed to be a Type C structure for determining thermal effects. 
The live load braking force defined by CHBDC clause 3.8.6 is appropriate for the design of the girders and bearings, but it may be too conservative for the design of the discrete glulam deck panels.  Since deck panels are discrete elements typically without longitudinal axial continuity between adjacent panels, no sharing of longitudinal axial forces was assumed, such as those arising from braking.  The CHBDC commentary indicates that the 180 kN portion of the braking force results from the consideration of two design trucks braking in two lanes simultaneously, based on an average coefficient of friction of approximately 0.25, with modification to account for the unlikelihood of two design trucks braking simultaneously in multiple design lanes.  Further modification was applied to account for the difference in live load factors between the CHBDC and the former Ontario Highway Bridge Design Code, the latter of which first specified the braking force that is presently specified in the CHBDC.  The lane load component of the braking force is indicated to represent out of phase braking by other vehicles on the bridge (CSA 2014b).  In light of this information, the braking force, Fbr, was calculated per Equation 1.

[1] Fbr = P x 180 kN / (2 x 625 kN) = 0.144P
In Equation [1], P is taken as the weight of the design wheel load.  Given that glulam deck panels are typically narrow enough that no more than one design truck axle would be present on a panel at any given time, it was sufficient to ignore the lane load component of the CHBDC braking force.  Thus, the maximum discrete wheel braking force that a deck panel was designed for was 14.4% of the gross wheel load.  For the CL-625-ONT truck, this equated to an unfactored braking force of 12.6 kN, based on the axle 4 wheel load of 87.5 kN.  To design a deck panel for the braking force, a design truck was positioned in each of the two design lanes to produce the critical load effect.  Application of the multi-lane reduction factor was not necessary because it was built into the braking force equation in the CHBDC (CSA 2014b).
4.3 Loads Combinations

The load combinations specified in Section 3 of the CHBDC were be applied for design purposes.  The fatigue limit state (FLS) was not considered in the design of wood members because fatigue failures have not been observed historically in wood bridges (Ritter 1992).  All metal connections in the structure were, however, designed for forces arising at FLS.  Refer to the Wood Handbook (FPL 2010) for further information on fatigue in wood members.
4.4 Structural Analysis
Global structural analysis was performed using the simplified method of analysis for longitudinal load effects, per CHBDC clause 5.6.  Computer structural analysis was also utilized.  A three-dimensional grillage model was found to be the most suitable method of computer analysis for the prototype glulam bridge, with each deck panel, girder, and stiffener beam represented by a frame element.  The bearings and connections were represented by link elements. Shell elements were used to model the diaphragms.
It is not necessarily appropriate to assume the full width of a deck panel as effective in resisting live loads.  McCutcheon and Tuomi (1973, 1974) developed design equations to determine the live load effects per metre width of deck panel as part of their research that developed glulam deck panels in the 1970’s.  Bakht (1988) confirmed their findings but noted their proposed equations to be unconservative when live load was placed near the free edges of the panels.  Bakht developed design curves to determine the width of deck that is effective in resisting live loads. These curves have been approximated by the equations in CHBDC clause 5.7.3.2.  This clause is identified to be for stress-laminated wood decks, but its content is also applicable to glulam deck panels, as Bakht made the same conclusions for both decks.
Bakht developed two design curves; one for deck panels with edge stiffening, one for deck panels without edge stiffening.  This edge stiffening is not related to the longitudinal stiffener beams discussed in section 2.5.4 of this paper.  Rather, this edge stiffening refers to stiffening along the free edges of the deck panels in their span direction; that is, perpendicular to the direction of traffic.  It is geometrically impractical to stiffen these edges for the case of numerous, adjacent glulam deck panels.  Accordingly, the width of glulam deck panel effective in resisting live loads was determined using the equation for unstiffened decks in CHBDC clause 5.7.3.2.
In 1994, AASHTO introduced equations to determine the width of glulam deck panel effective in resisting live loads. These design equations yield larger effective deck widths than the curves proposed by Bakht.  The AASHTO equations were developed based on the work of Sexsmith et al. (1979), where it was observed that a slight flexural softening of wood stressed beyond the proportional limit was sufficient to enable sharing of discretely applied loads between adjacent laminations in laminated wood decks.  This same work by Sexsmith et al. forms the basis of the load-sharing factor that is used to determine the resistance of wood members per the CHBDC (Bakht et al. 1991, CSA 2014b).  Consequently, utilizing the AASHTO equations and the CHBDC member resistances may be double-counting the benefit observed by Sexsmith et al., leading to a potentially unconservative design.  Research is required to further investigate this potential double-counting.  For this reason, the structural analysis of the deck panels was not carried out on the basis of the AASHTO equations.  
Once the effective deck width was determined based on Bakht’s work, the deck was modeled as a continuous beam spanning across the girders, with each girder acting as a rigid vertical support.  All applicable loads were applied to this beam, with the live load consisting of the wheels of the heaviest design truck axle.  The number of loaded lanes and the positioning of the wheels within the lane(s) was consistent with the design lane geometry.  Wheel loads were represented as discrete uniformly distributed loads to result in a less conservative design than treating the wheels as concentrated loads.  The design was reviewed to investigate the possibility of deck panel uplift due to live load and/or wind, as the connections between the deck panels and girders must be designed for all anticipated uplift forces.
Per CHBDC clause 9.7.3, the designer must determine the shear load acting on the glulam girders.  The shear load is the maximum horizontal shear acting along a glulam beam, as a function of the beam volume and the loading pattern (CSA 2014b).  It is not the same as the vertical shear force at a given cross-section.  It is best calculated by isolating a girder.  Permanent loads may be applied at discrete locations, such as the span tenth-points, so as to reduce the shear load integral to be the summation of a step-wise shear force diagram.  A fraction of the design truck weight is applied to the girder.  This fraction is determined using either the CHBDC simplified method for live load analysis or the results of computer structural analysis.  The positioning of the live load that maximizes the shear load is not intuitive, nor is it necessarily the same as the live load positioning that maximizes vertical shear at a cross-section.  A trial-and-error approach concerning live load positioning was used to maximize the shear load for the design of the prototype glulam bridge.  Multi-step live load analysis and filtered spreadsheet results were used for this purpose.  Despite the cumbersome calculation, the determination of the shear load resulted in a much lower design shear force than the maximum vertical shear at a cross-section.
4.5 Member Design

4.5.1 Deck Design
A glulam deck panel is vertically laminated beam; that is, a laminated beam with the narrow faces of its laminations oriented perpendicular to the direction of load.  The material properties for this orientation are different than those specified in CHBDC clause 9.12.2.  Per CSA O86, and per the anticipated clause 9.12.3 of the forthcoming 2019 edition of the CHBDC, the deck panel was treated as a built-up system of No. 2 grade sawn lumber members.  The load-sharing factor was calculated as for a transverse nail-laminated deck.  The butt joint factor was ignored, as the glulam laminations are finger-jointed and glued together during manufacture to produce a continuous lamination.  Finally, the size-effect factor was calculated using the dimensions of the laminations comprising the deck panels, not using the global dimensions of a deck panel.
The deck panels were designed for flexure at ULS, per CHBDC clause 9.6.  It was not necessary to design for shear at ULS, per CHBDC clause 9.7.5, because of the very low probability of weak shear zones being present in several members of a given cross-section (Taylor and Keenan 1992).
The deck panels were designed for live load deflection at SLS, per CHBDC clause 9.4.2.  This clause limits the live load deflection to 1/400th the span.  The differential live load deflection between adjacent deck panels was limited to 1.3 mm (0.05 in) to limit the potential for cracking in the asphalt wearing surface at the deck panel joints (Eriksson et al. 2003).
4.5.2 Girder Design
The girders were designed for flexure and shear at ULS, per CHBDC clauses 9.6 and 9.7, respectively.  They were also designed for live load deflection and live load vibrations at SLS, per CHBDC clauses 9.4.2 and 3.4.4, respectively.  The girders were not assumed to act compositely with the deck panels.  Flexure rarely governs the design of glulam bridge girders.  It is usually one of shear, deflection or vibration that governs.  As such, these criteria were investigated early in design process.
The calculation of moment resistance followed from clause 9.6.1 of the CHBDC.  The diaphragms were considered as points of lateral support in determining the lateral stability factor, and were consequently designed for the forces arising from acting as a girder brace.  It was not certain whether the load-sharing factor for a “stringer of a sawn timber bridge” in CHBDC Table 9.3 is applicable to glulam girders.  The load-sharing factor is in part predicated on the unlikelihood that a material defect is present in multiple load carrying members in a given cross-section (Bakht et al. 1991, CSA 2005).  Since glulam is inherently more defect free than sawn wood, it is questionable whether an increase in probabilistic strength is warranted on this basis.  This topic requires further review.
4.5.3 Diaphragm Design
The glulam diaphragms maintain the relative girder spacing, share lateral loads between girders, and brace the girders against lateral-torsional buckling (Ritter 1992).  Per CHBDC clause 9.21.2, diaphragms are to be placed at all supports, at midspan for spans less than 12 m, and the span third-points for spans equal to or greater than 12 m.  Additional diaphragms may be added at the designer’s discretion to increase the lateral stability factor for the girders.  The diaphragms are typically offset 600 mm in front of the bearings to avoid interference with the bearings (Ritter 1992).  They can remain effective when offset up to one girder depth from the bearings (CSA 2014b).  The diaphragms should be as deep as possible.  A gap of 50-125 mm should be left between the tops of the diaphragms and the underside of the stiffener beams or deck panels, so as to allow for air circulation and avoid interference with connection hardware (Ritter 1992).  The prototype glulam bridge diaphragms were designed per these recommendations.  

The diaphragms were designed for all anticipated applied loads, in addition to a force arising from bracing the glulam girders against lateral-torsional buckling.  Analogous to steel bracing design, this bracing force was calculated as 2% of the total force in the compression zone of a girder at ULS, assuming a linear-elastic stress distribution.  The bracing force was applied to each diaphragm as an axial force at the depth of the resultant compressive force in the girder, resulting in a constant bending moment in the diaphragm.
4.5.4 Stiffener Beam Design
Longitudinal glulam stiffener beams were fastened to the deck panels to provide longitudinal flexural and shear continuity between adjacent panels by acting as an external dowel.  They were positioned halfway between each girder and at every deck panel joint.  Eriksson et al. (2003) and Witmer et al. (2002) noted a significant reduction in the likelihood of reflective asphalt cracking at deck panel joints when stiffener beams were utilized.  Full-length, continuous stiffener beams are easier to install than discrete length stiffener beams; however, a stiffener beam that is fastened to more than two deck panels must have slotted holes in order preclude the development of large restraint forces resulting from shrinkage/swelling of the deck panels perpendicular to grain.
The stiffener beams were designed to resist the longitudinal moments and shears that were anticipated in the deck panels.  These force effects can be determined by structural modelling or by the design curves and equations proposed by McCutcheon and Tuomi (1973, 1974).  The stiffener beams were also designed to meet the stiffness requirements of AASHTO clause 9.9.4.3. The stiffener beam resistances were calculated in the same manner as for the girders.  The stiffener beams were idealized as discrete length members for the calculation of the size effect factor and the shear load, with the length equal to the largest distance between the fasteners required to transmit the longitudinal bending moment and shear force from one deck panel to another.
4.6 Connection Design
Four Z-shaped aluminum clips were used to connect each deck panel to each girder.  The Z-clips were through-bolted to the deck panels and seated in longitudinal routed slots in the side faces of the girders.  A typical Z-clip was described by Ritter (1992).  Lag screws that pass through the deck panels and into the top faces of the girders are sometimes preferred in lieu of these clips, although this approach provides a moisture path into the core of the girders, which can reduce their durability.
The stiffener beams were connected to the deck panels using a pair of through-bolts on either side of each deck panel joint.  Witmer et al. (2003) provided a connection layout and simple set of design equations for determining the forces in the through-bolts.
The diaphragms were through-bolted to the girders by a pair of threaded steel tie rods that pass through routed slots along the length of the diaphragms and through the side faces of the girders.  The forces in the tie rods were resolved from the forces in the diaphragms.  The tie rods were positioned outside the outer 10% depth of the girder tension zone to minimize girder strength reduction (Ritter 1992).
The girders were connected to the substructure by bearing assemblies, each consisting of an elastomeric bearing pad, a steel base plate, grout, and steel side plates.  The side plates were designed to restrain longitudinal, transverse, and upward movements.  Fibre-reinforced elastomeric bearings were specified due to confinement issues observed in plain bearings.  The bearings comply with CHBDC clause 11.6.6.  The assemblies were designed so that the bearing pads are accessible for inspection and replacement.
4.7 Other Design Elements

4.7.1 Wearing Surface
An asphalt wearing surface was specified to protect the glulam deck panels from mechanical damage (CSA 2014b), enhance ridability, provide greater friction to rubber tires than that afforded by the deck panels (Taylor and Keenan 1992), and to improve the drainage on the bridge.  It is recommended that the bridge deck be waterproofed to enhance the durability of the deck panels.  Refer to the work of Erikkson et al. (2003) and Weyers et al. (2001) for an in-depth review of waterproofing and paving systems for wood bridges.  Potential chemical interaction between the wood preservative used to treat the deck and the chosen waterproofing and paving system should always be considered.
4.7.2 Barriers

Two crash-tested TL-4 bridge barriers were developed specifically for glulam deck panels by the United States Forest Products Laboratory.  One barrier consists of a glulam top rail, a glulam curb, glulam scupper blocks, and glulam posts.  The other barrier is a thrie-beam steel railing with steel posts.  Refer to the work of Faller (2000) and Polivka et al. (2002) for details of the barriers.
The crash-tested glulam railing was comprised of American Yellow Pine glulam, which is a very popular wood species for glulam in the United States.  Canadian glulam tends to be either Douglas Fir-Larch or Spruce-Pine-Fir.  Because the testing was performed on a different species, designers may need to prove equivalence for bridges in Canada until the CHBDC provides guidance.  This question has been put forth to the CHBDC technical committee on wood structures for review.
5 the future

The technical subcommittee for Section 9 of the CHBDC is presently working to incorporate the glulam bridge concept that is the subject of this paper into the CHBDC code clauses for wood structures.  Some of the design criteria presented in this paper are expected to be included in the forthcoming 2019 edition of the CHBDC.  Further research is required for certain topics as noted above, such as the width of glulam deck panel that is effective in resisting live load.  The aim is to incorporate the findings of this future research into the CHBDC, so as to enhance the solutions available to Canadian bridge engineers and to take advantage of the nationally abundant and renewable resource that is wood.
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