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Abstract

The Federal Highway Administration and the USDA
Forest Service, Forest Products L aboratory, jointly
sponsored the National Conference on Wood
Transportation Structures, October 23-25, 1996, in
Madison, Wisconsin. This was a direct result of 5
years of cooperation in conducting research related to
timber transportation structures. The objective of the
conference was to present state-of-the-art information on
wood utilization in transportation applications. The
conference included a plenary session, reviewing timber
bridges throughout the world, followed by concurrent
paper sessions on various topics. This report includes
the papers presented at this conference.
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Preface

Interest in timber transportation structures has
significantly increased in the past several years. Much
of thisinterest has resulted from the programs and
activities of the USDA Forest Service Timber Bridge
Initiative (TBI), passed by the U.S. Congress in 1989,
and the Intermodal Surface Transportation Efficiency
Act (ISTEA) of 1991. The TBI is aimed primarily at
stimulating local economies and enhancing rural
transportation systems through the use of locally
available wood species for timber bridge and highway
structural applications. From 1992 to 1997, the
ISTEA authorizes expenditures by the Federal
Highway Administration (FHWA) for research and
information transfer related to timber transportation
structures.

After 5 years of cooperation in conducting research
related to timber transportation structures, FHWA and
the USDA Forest Service, Forest Products Laboratory
(FPL), are hosting this conference to further
disseminate information related to wood utilization in
transportation applications. This information will be
useful to practicing engineers in government and
private practice and members of the academic and
industry communities. The objective of the conference
is to provide a forum for the exchange of state-of-the-art
information on timber transportation structures.

The conference includes a plenary session, reviewing
timber bridges throughout the world, followed by
concurrent sessions on various topics. Papers presented
in the sessions are included in this report and printed
as submitted by the authors. The conference sessions
include the following topics:

Emerging Bridge Systems

Timber Bridge Case Studies

Timber Bridge Performance and Design

Non-Bridge Structures

Material Properties and Grading

Reinforced Glulam Beams

Timber Bridge Design Considerations

Wood Preservatives

Inspection

Timber Bridge Design

Timber Bridge Programs

Standardized Design

New Wood Treatments

Load Rating, Maintenance, and Rehabilitation

Timber Bridge Economics and Perceptions

Michagl A. Ritter, Conference Co-Chair, FPL
Sheila Rimal Duwadi, Conference Co-Chair, FHWA
Paula D. Hilbrich Lee, Conference Coordinator, FPL

Diann L. Campbell, Conference Coordinator, FPL
JoAnn H. Benisch, Proceedings Coordinator, FPL
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Timber Highway Bridge Construction
Practices in The United States

Thomas G. Williamson, P. E., APA Engineered Wood Systems

Abstract

Wood has been successfully used as a highway bridge
materia in the United States for hundreds of years. Some
of the earliest examples of wood bridge construction, dat-
ing back to the mid to late 1800's, are the covered bridges,
many of which are still in service today in the Eastern U.S.
From the early 1900's to the mid 1960’s, thousands of
highway bridges were built in the U.S. using a longitudi-
nal wood stringer and transverse nail-laminated sawn lum-
ber deck system. In the late 1960's, extensive research
was undertaken to develop more efficient wood bridge
systems which would result in lower material and labor
costs and which would minimize the maintenance require-
ments often associated with the older wood bridges.

This research has continued for the past 25 years and has
led to the development of many innovative wood bridge
systems which are now leading to a rediscovery of wood
as a highway bridge construction material in the U.S.
These systems include a variety of glued laminated timber
framing systems, stress-laminated sawn lumber deck
bridges and stressed T and box sections utilizing different
combinations of lumber, glulam and laminated veneer
lumber (LVL) components. New technology is moving
towards the use of a broader spectrum of species, the use
of prefabricated metal plate truss systems, new stressing
rod technologies, the use of high strength plastic compos-

ites for reinforcement of wood members and the applica
tion of Load and Resistance Factor Design to bridges.

Introduction

As with many European countries, covered bridges using
structural wood framing systems represent an important
era in timber bridge construction in the U.S. Many of
these bridges constructed in the mid to late 1800's are still
in service today although most have undergone renovation
to bring them up to current design standards. An example
of this is the Cornish Windsor covered bridge which con-
nects the towns of Cornish, New Hampshire and Windsor,
Vermont. This bridge consists of two 75m spans which
are claimed to be the longest individual spans of any cov-
ered bridge in the U.S.

This bridge underwent extensive restoration in 1990 to
replace damaged members, re-introduce camber into the
structure and increase it's load capacity to current
American Association of State Highway and
Transportation Officials (AASHTO) specifications. In
order to achieve these structural enhancements, the design
engineers used glulam components to replace original
sawn timber members such as floor beams and truss mem-
bers as shown in Figure 1. Similar structural improve-
ments have been used to renovate numerous covered
bridges in the U.S. thus extending their useful lives for
another 50 years or more.



Figure 1 — Rehabilitation of Windsor Cornish
Covered Bridge Using Glulam Components

From the early to mid 1900's, the use of longitudina sawn
timber beams and transverse sawn lumber decking was the
prevalent timber bridge construction system used in the
U.S. The decking consisted of dimension lumber posi-
tioned on edge with individua pieces being attached to
adjacent pieces by through nailing. Toe-nailing was used
to attach these decking pieces to the timber beams. While
this system provided a structurally sound and tight deck
system when initially installed, the effects of annual mois-
ture cycling combined with the dynamic impact of mov-
ing vehicles often resulted in a loosening of the

mechanical fasteners.

Thisin turn permitted moisture to migrate into untreated
areas of the wood members with decay often resulting in
these areas. This combination of loosening of the mechan-
ical fasteners combined with subsequent decay develop-
ment led to extensive maintenance requirements for these
bridges and often county and state bridge engineers dis-
continued the use of timber in highway bridge construc-
tion in favor of pre-stressed concrete or steel systems.

Use Of Glued Laminated Timber

One of the first significant breakthroughs in timber bridge
construction in the U.S. was the expanded use of glued
laminated timber (glulam) components. Glulam has been
succsssfully used as a structural building materia in
Europe since the late 1890s. In the United States, it has
been used in buildings since approximately 1935. The
introduction of wet use adhesives in the mid 1940's
alowed the uses of glulam to be expanded to include
exposed applications such as highway and railway
bridges, transmission facilities and other exterior struc-
tures. While glulam was accepted as suitable aternative
to sawn timbers for bridge construction, its use was lim-
ited by the lack of knowledge of this relatively new con-
struction product. new at least to the US.

Glulam is a versatile engineered wood material that pro-
vides severa distinct advantages for bridge construction.
Because it is a manufactured product, glulam can be pro-
duced in awide range of shapes and sizesto fit virtually
any end use requirements. Most glulam used in bridges in
the U.S. has involved straight members, but curved mem-
bers have also been used successfully in anumber of appli-
cations. For example, the Keystone Wye bridge, shown in
Figure 2, built in 1968 in South Dakotais a unique tri-level
interchange using both a straight girder glulam bridge and
a long span glulam arch structure. This high visibility
bridge structure has performed well for over 25 years with
only minimal maintenance being required for the timber
components. Numerous other glulam arch bridges have
been built during the past 25 years using both suspended
and supported deck systems and are a popular type of con-
struction where aesthetics are a key design consideration.

Figure 2 — Keystone Wye Glulam Bridge

Another advantage of glulam as compared to sawn lumber
isrelated to the laminating process which randomly dis-
perses the strength-reducing characteristics (src’s) of the
lumber laminations throughout the member. This random
dispersal of src’s, results in reduced material properties
variability and increased strength characteristics. Glulam
also provides better dimensional stability because it is
manufactured from dry lumber. Glulam bending mem-
bers are manufactured using selective lamination place-
ment with higher quality lumber positioned in the highly
stressed zones of the member and lower quality material
placed in the inner layers of the beam, where bending
stress is lower. This practice, which also permits the mix-
ing of species within a single glulam member, helps to
extend the available lumber resource and improves the
economy of glulam as a construction material.

The majority of the glulam bridges built in the United
States during the past 25 years have used either longitudi-
nal girders with transverse deck or longitudinal deck super-
structures. Due to the relatively long span and wide spacing



capabilities that can be achieved with the use of longitudi-
nal glulam girders, the incompatibility of the traditional
transverse nail-laminated decks as previously described
became a limiting factor in expanding the use of glulam.

Glulam Deck Panel Technology

During the late 1960’ s, research engineers at the USDA
Forest Products Laboratory, in cooperation with USDA
Forest Service regiona bridge engineers and the glulam
industry undertook a research program to develop a glu-
lam deck panel to replace the traditional nail-laminated
deck system. The concept was to use a vertically lami-
nated glulam member spanning transversely across the
longitudinal bridge girders. The length of the deck panel
was equal to the overall width of the bridge with the thick-
ness of the panel being dependent on the grade and species
of laminating lumber and the spacing of the deck panels.
In order to facilitate handling of these deck panels at the
manufacturing facility, during transportation and on the
jobsite, an industry decision was made to fabricate these
deck panels in widths of approximately 122 cm.

In order to achieve plate action for this deck system along
the longitudinal direction of the bridge and to minimize
the differential deflection at the joints beyond the individ-
ual panels, several aternative load transfer mechanisms
between panel interfaces were evaluated. The most effi-
cient was the use of a steel dowel inserted in holes pre-
bored at the mid-depth of each panel face as shown in
Figure 3. While hundreds of bridges were successfully
constructed using this dowel system, alignment problems
were occasionaly encountered in the field when attempt-
ing to pull the individual panels together.

RN

Figure 3 — Use of Steel Dowels as Load
Transfer Mechanism

To provide the required load transfer between panel edges
but not require the close construction tolerances associated
with the steel dowel system and it’s associated pre -bored
deck panel holes, the Weyerhaeuser Company developed
a cast aluminum bracket. This bracket, as shown in Figure

4, is positioned in grooves pre-routed in the side of the glu-
lam girders prior to pressure treating and is then attached
to the deck panels with a single through bolt. Since the
bracket was manufactured from aluminum, this eliminated
concerns of corrosion. The use of this deck bracket essen-
tially replaced the steel dowel and has become the stan-
dard connector device for the longitudinal girder and
transverse glulam deck panel system.

Figure 4 -- Cast Aluminum Deck Bracket

A natural evolution of the transverse glulam deck panel
was to use these members as vertically laminated beams
spanning longitudinally between supports where spans
were relatively short. However, the load distribution pro-
visions in the American Association of State Highway and
Transportation Officials (AASHTO) Specifications for
Highway Bridges were not favorable to the use of these
longitudinal deck panels. The glulam industry sponsored
an extensive test program of this system which was con-
ducted at lowa State University. The results of this study
led to more favorable and realistic distribution factors for
this type of deck system which were adopted in the
AASHTO Highway Bridge Specifications.

Aswith the transverse deck panels, the longitudinal deck
panels are also manufactured in widths of 122 cm. This
created a necessity to develop a mechanism for transfer-
ring loads transversely between these longitudinal panels.
Thus, in addition to developing new load distribution fac-
tors for the longitudinal glulam deck panel system, the
lowa State research led to design provisions for spreader
beams (typically small glulam sections) which are posi-
tioned transversely beneath the longitudinal deck panels at
approximately 2.45 meters on center. These spreader
beams can be attached to the deck panels with a variety of
mechanical fastening devices, severa of which are shown
in Figure 5. One of the most successful has been the use
of the same cast aluminum deck bracket used to attach
transverse deck panels to longitudinal stringers.
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Figure 5 — Attachment Techniques for
Spreader Beams to Longitudinal Decks

Stress-Laminating Concepts
Stress-laminating has been an evolving technology in both
Canada and the U.S. for almost 20 years and has achieved
considerable success in highway bridge construction dur-
ing this time. The idea of using stress-laminating tech-
niques for the rehabilitation of existing timber bridges and
for the construction of new timber bridges was frost intro-
duced in Ontario, Canada in 1976. The first use of this
emerging technology in the U.S. wasin the mid 1980’s.
Since that time, several hundred stress-laminated vehicu-
lar bridges have been constructed in the U.S. using sawn
lumber laminations, and a guide specification for the
design of this type of timber bridge was published by
AASHTO in 1991.

Longitudinal stress-laminated decks are typicaly con-
structed by placing sawn lumber laminations (either 2x, 3x
or 4x material) on edge and stressing the laminations
together transversely with high-strength steel bars
installed through the mid-depth of the laminations (Ritter,
1990). Figure 6 schematically illustrates this concept.

The compression stress existing between the laminations
due to the pressure induced by the transverse stressing
rods serves to transfer load between the laminations by
friction, causing the deck to act as a large orthotropic
wood plate. The typical force induced in these stressing
rods ranges when used in conjunction with sawn lumber
laminations varies from 355-445 kN.

Curb Deck Railing
/ / /

Anchorage plates
Substructure  and nut

Longitudinal
deck
constructed of
sawn lumber

Prestressing
elements (steel
rods}

Top view

Figure 6 — Schematic of a Longitudinal
Stress-Laminated Timber Bridge

In order to verify the work done in Ontario, Canada and to
develop the necessary design criteria for using this stress-
laminating technology in the U. S., extensive testing was
undertaken at the University of Wisconsin in cooperation
with the USDA Forest Products Laboratory. This testing
involved the evaluation of two lumber lamination sys-
tems. One system utilized nominal 2x12 laminations and
was tested over spans up to 8 m. The second system incor-
porated nominal 4x16 laminations with test spans ranging
up to 16 m. Figure 7 shows an example of this laboratory
testing program.

Figure 7 — Laboratory Evaluation of a
Stress-laminated Lumber Bridge



This research led to a basic understanding of the behavior of
these stress-deck systems including (a) the effect of lamina-
tion butt joints on wheel-load distribution and deck stiff-
ness, (b) the mechanism of stress transfer into the deck and
related edge effects on wheel-load distribution, (c) the
effects of transverse bending on the required level of com-
pressive stress and (d) requirements for the anchorage of the
pre-stressing rods. Other research efforts have evaluated
time related stress losses due to such environmental vari-
ables as moisture cycling and investigated various anchor-
age systems to transfer the pre-stressing force into the wood
laminations without over-stressing the outer pieces.

One of the natural characteristics of wood is that it will
creep over time under a continually applied load. Asthe
wood laminations creep under the pre-stress force, the
level of pre-stress decreases correspondingly. Thus, typi-
cally three stressing operations are required to account for
these pre-stress losses. After initia pre-stressing the deck.
to alevel of approximately 0.70 MPa, a second pre-stress-
ing is applied after approximately one week to bring the
stress back to the initial level. Final stressing is applied 4-
6 weeks after the second stressing. Studies indicate that a
pre-stress loss as high as 50% can occur with no signifi-
cant loss in system capacity.

As part of the ongoing USDA Forest Service timber
bridge program, stress-laminated bridges are routinely
monitored to verify pre-stress level, load carrying capacity
and deflection characteristics. This involves periodic full
scale load testing of many of these structures. While most
of this load testing has been conducted using static loads
to evaluate bridge performance, a recent innovation in
load testing has been to evaluate the dynamic performance
of the bridges under moving vehicular loads. Thisis an
exciting new technology which offers considerable
promise for the future.

Stress-Laminated Glulam Decks

Dueto increasing lack of availability of dimension lumber
in the U.S. in wide width sizes greater than 2x12 or 2x14
the use of the vertically laminated longitudina deck sys-
tems was limited to spans of approximately 10 meters.
Thus, an aternative systsm was sought which would per-
mit the construction of longitudinal deck systems for
spans greater than 10 meters. It was conceived that one
such solution would be to apply the concept of stress-lam-
inating, as previously described for sawn lumber mem-
bers, to a series of longitudina glulam beams placed side
by side.

This concept of stress-laminating glulam beams together
to form a longitudinal deck system was first used in the
U.S. in 1989 for the construction of the Tea River bridge

constructed in Wisconsin (Wacker and Ritter, 1992),
Figure 8 shows this bridge during the construction
sequence. Since the construction of this prototype bridge.
anumber of other similar structures have been built.

“\.,'/

Figure 8 — Teal River Bridge During
Construction

Bridges using glulam in stress-laminated deck applications
have demonstrated excellent in-service performance.
Because horizontally laminated glulam beams allow for
deeper sections, longer bridge spans are possible.
Additionally, the glulam beams can be manufactured to be
continuous over the bridge length and butt joints, which can
reduce the bridge strength and serviceability of sawn lum-
ber stress-laminated decks, are not required. These contin-
uous long length beams can also be used to span across
intermediate supports resulting in very high stiffness multi-
ple span bridges, further reducing bridge deck deflections.

One of the most noteworthy advantages of using glulam
components has been the force retention in the pre-stress-
ing bars. Because the glulam members are dry when
installed (moisture content of 16% or less), the beams typ-
ically absorb moisture slowly and the deck swells dlightly
as it moves toward an equilibrium in-service moisture
content. As a result, this minimal swelling offsets force
loss in the pre-stressing rods due to stress relaxation in the
wood and the net loss in bar force is minimal. Extensive
monitoring of these bridges by the U.S. Forest Service has
verified this performance characteristic.

Stress Laminated T-Beam and
Box-Beam Sections

In the mid 1970’s, an extensive test program was con-
ducted at Colorado State University to determine the
degree of T-beam action which could be expected in a lon-
gitudinal girder and transverse glulam deck system. Full
size double T-sections spanning 12 meters were tested
under simulated AASHTO truck loading. These test sec-
tions used conventional 122 cm wide transverse deck



panels with steel dowels used to provide load transfer
between adjacent panels. The deck panels were attached to
the stringers using steel lag screws. While there was
approximately a 10-15% decrease in stringer deflection,
the degree of T-beam action was limited by the effective-
ness of the mechanical connections and the associated slip
which occurred during loading.

However, the advent of stress-laminating offered new
opportunities to achieve composite T-beam action between
the deck and stringers without being dependent on the
mechanical fasteners between the deck and stringers. The
clear span of glulam bridges is typically controlled by
design considerations related to the depth of the super-
structure and by economical limitations on the bridge
depth. Creating T and other composite configurations
alowed designers to overcome these limitations, thus per-
mitting much greater span capabilities for glulam bridges.

Two types of composite bridges that have been success-
fully used in the U.S. are the T-section and box-beam
bridges, shown schematically by Figure 9. T-beam
bridges can be constructed using vertical glulam or lami-
nated veneer lumber (LVL) web members with flanges
constructed of sawn lumber or glulam deck panels. The
composite action between the flange and the web is devel-
oped through friction by stress-laminating the section with
stressing bars through the flanges and webs. The box sec-
tionis similar to the T-section, but with flanges and stress-
ing bars added to the bottom of the section to create a
higher overall section modulus and moment of inertia
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Figure 9 — End View Cross-Sections of a
Stress-Laminated T-Beam

Bridge (top) and a Stress-Laminated
Box-Beam Bridge (bottom)

The concept of stress-laminated T-section and box-beam
bridges has been well received and more than 30 bridges
have been built over the past 3 years in the U.S. The
longest span structure to date is a 27 meter span stress-
laminated T-beam bridge, which was built in Arkansas in
1993. Recent research work regarding these glulam
superstructure configurations was completed at West
Virginia University, in cooperation with the Federal

Highway Administration (FHWA) and the U.S. Forest
Products Laboratory, and used a modular construction
approach (Barger, et a., 1993; Davalos, et a., 1993).

In addition to continued research on stress-laminated T-
section and box-beam bridges using glulam or LVL webs
and sawn lumber flanges, research is underway at the
University of Wisconsin, in cooperation with the U.S.
Forest Products Laboratory and the U.S. Federal Highway
Administration, to develop systems constructed com-
pletely from glulam components (Oliva and Rammer,
1993). It is estimated that glulam bridges built using this
technology will be able to clear span over 30 meters with
structural sections less than 106 cm in depth.

Research and field evaluation are continuing on the struc-
tural performance of these systems. Draft specifications
for the design and construction of stress-laminated T-sec-
tion and box-beam bridges are currently being developed
for adoption by AASHTO.

Alternative Species For Glulam

Glulam can be manufactured from virtualy any softwood
or hardwood species provided the end product meets nec-
essary strength and stiffness requirements. In actuality,
most of the glulam manufactured in the U.S. during the
past 60 years has utilized either Douglas Fir-Larch or
Southern Pine lumber. However, with continuing changes
in the availability of worldwide wood resources, and with
increased emphasis on using underutilized local wood
species, there has been a growing interest in the U.S.
towards developing new glulam layups utilizing both
hardwood and softwood species. Over the past 5 years,
most of the work on alternative species for glulam has cen-
tered on the utilization of hardwood lumber, but several
secondary softwood species have also been evaluated.

Recent glulam research completed at the Pennsylvania
State University, West Virginia University, and the U.S.
Forest Products Laboratory has been directed at develop-
ing glulam layups using Red Maple, Red Oak and Y ellow
Poplar (Manbeck, et a., 1993; Shaffer, et al., 1991;
Moody, et al., 1993). Recent full scale tests of glulam
beams manufactured using mechanically graded Red
Maple and Yellow Poplar support the use of bending and
modulus of elasticity design values comparable to those
achieved with the traditiona Douglas Fir-Larch and
Southern Pine softwoods.

In addition to developing specifications for glulam pro-
duced from hardwood species, efforts to develop high
strength and cost efficient glulam layup combinations uti-
lizing secondary softwood species have also been suc-
cessful. A project in Wisconsin using a combination of red



pine and Southern pine to manufacture glulam beams
resulted in the construction of the Teal River stress-lami-
nated deck bridge previously described (Wacker and
Ritter, 1992), These beams used Southern pine for the
outer tension and compression zones with the red pine
being used for the core of the beams. The resultant beams
had similar bending strength and stiffness characteristics
as beams manufactured from al Southern pine lamina-
tions. This further led to the design and construction of a
stress-laminated bridge using glulam manufactured exclu-
sively from red pine lumber. Other projects using sec-
ondary softwoods, such as Eastern hemlock, Ponderosa
pine and cottonwood are underway.

Laminated Veneer Lumber Bridges

Other glued engineered wood products are also being used
for bridge construction in the U.S. Laminated veneer lum-
ber, LVL, has long been used in both residential and com-
mercial building construction. LVL is produced by
bonding together veneers of wood (with the thickness of
the individual veneers not to exceed 6mm) with the grain
of all veneer layers approximately parallel to the long
direction of the member. This product has very high bend-
ing strength and stiffness characteristics as compared to
other wood products and is thus ideally suited as a bridge
construction material where these properties typically con-
trol design. LVL aso has a high propensity for absorbing
preservative treatment chemicals due to the lathe checks
inherent in the individua veneers. This further enhances
its characteristics as a bridge construction material.

LVL has been used in numerous bridges in the U.S. One
system involves the use of LVL components to create a
longitudinal “slab” type deck system. The individual LVL
pieces are stressed together using the stress-laminating
technique previously described for sawn lumber bridges
As with glulam, the use of LVL permits longer spans due
to the higher strength characteristics assigned to this prod-
uct as well as due to the wider range of sizes available.

Another use of LVL in bridge construction has been as the
web members of composite stress-laminated T-systems
using sawn lumber deck pieces. In this type of applica-
tion, the LVL is used as an alternative materia to glulam.
As an extension of this technology, one manufacturer pro-
duces a prefabricated all-LVL T-section. These individual
T-sections are produced in variable depths depending on
design span and loading. After the individual T-sections
are positioned side by side, they are stressed together
using high strength steel rods. Figure 10 shows a bridge
being erected using these LVL T-sections.

Figure 10 — Installation of an LVL T-section

Crash Tested Rail Systems

One ongoing concern expressed by bridge designersin the
U.S. hasbeen related to the need for cost efficient crash-
worthy timber bridge guardrail systems. AASHTO and
the Federal Highway Administration have a program
underway which will require all highway bridges
guardrail systemsto be fully crash tested. Several levels
of guardrail performance are being considered in this pro-
gram ranging from resisting the impact of passenger vehi-
clesto that of large over over commercia trucks. Both
the US. Forest Products Laboratory and the Federal
Highway Administration have completed full scale crash
test programs to evaluate the performance of various tim-
ber bridge guardrail systems on both longitudinal glulam
deck and longitudinal glulam stringer and transverse deck
bridge configurations.

These crash tests have been conducted using a variety of test
vehicles ranging from passenger cars to pick-up trucks to
larger commercial trucks. Rail system tested have
included (a) single glulam rail with wood posts, (b) single
steel rail with wood posts, (c) glulam rail, wood wheelguard
and wood posts and (d) other combinations of guardrail sys-
tem components. To date, al of the guadrail systems tested
in these two research studies have met the crash test require-
ments established by AASHTO and the Federal Highway
Administration. The availability of fully crash tested
guardrail systems will provide a major impetus to the fur-
ther use of glulam highway bridge systems in the U.S.

Emerging Technologies

Many other innovative technologies for timber bridge
construction are being evaluated by U.S. researchers. One
of these concepts uses metal gusset plate wood trusses as
the main longitudinal superstructure elements. While
metal gusset plate wood trusses are used extensively for
floor and roof framing in both residential and commercial



building construction, their use in bridge construction is
on an experimental basis with only a few prototype
bridges having been constructed.

Two possible technologies using these trusses are being
evaluated. In one system, a series of identical trusses are
placed in direct contact with each other (in the same man-
ner that sawn lumber laminations would be used) and
these are then stressed together using the stress-laminating
concept. Once stressed together, these multiple truss
bridges create a bridge with a very high degree of stiffness.

A second approach using pre-engineered metal gusset
plate trusses is to prefabricate girder trusses using severa
of these trusses mechanically tied together. These girder
trusses are then used as the vertical web elements in com-
bination with stress-laminated sawn lumber deck pieces to
create a T-beam configuration.

Work is also underway to evaluate aternative stressing rod
materials using high strength steel strandsin lieu of the tra-
ditional steel rods which have typically been used in the
stress-laminated systems. Other researchers are evaluating
the potential for using high strength structural composites
such as reinforced plastics for these stressing elements.

Another evolving technology involves combining high
strength structural plastic composites with wood such as
by reinforcing the tension zone of glulam beams with
fiber reinforced plastic (FRP). In virtually all instances,
the bending strength of glulam is controlled by the tensile
strength of the lumber or the end joints on the tension side
of the beam. The potentia for increasing the bending
strength of glulam by reinforcing the outer tension zone
has been evaluated by many investigators during the past
30 years using a variety of materials. Recent develop-
ments in the use of FRP suggest that this high-perfor-
mance material offers the possibility of being bonded to
the wood laminations under factory conditions thus pro-
viding this tension reinforcement.

Forming a composite beam by using a relatively small
amount of FRP to reinforce the outer tensile zone offers
the potential for significantly increasing the bending
strength of glulam beams. However, the use of this rein-
forcement material may have limited effect on increasing
overall stiffness when used in the relatively small percent-
ages required to achieve the increased tensile performance
yet be cost competitive with alternative materials.

Recent work has been completed using various types of
fibersin pultruded plastic products, often referred to as
FRP, to reinforce glulam (Tingley, 1990). Tingley and
other researchers from Oregon State University report

highly favorable results by reinforcing the tension zone of
glulam using fiber reinforced plastics and have obtained
U.S. building code acceptance of their proprietary tech-
nology. This has led to the use of these reinforced glulam
in a number of building and highway bridge applications.
Cooperative research has also been undertaken between
West Virginia University and the U.S. Forest Products
Laboratory to investigate similar uses of FRP bonded to
either the tension side only or to both the tension and com-
pression sides of beams. Other research evaluations
related to reinforcing glulam beams using FRP products
has aso been undertaken by the University of Maine and
by APA-The Engineered Wood Association.

These research efforts could soon lead to the construction
of additional bridges using composite glulam and fiber
reinforced plastic beams. Reinforced beams appear to
have the greatest opportunity for showing economic
advantages in applications where either (a) bending
strength controls the design, (b) it is critical to minimize
beam depth, or (c) the beams are part of a composite struc-
ture where the added strength provides substantial benefits.

Another related technology being pursued is to use high
strength reinforcing fibers, such as Kevlar, to pre-stress
the tension zone of glulam beamsin a manner similar to
pre-stressed concrete design. In this application, fiber
mats are positioned between outer laminations of the glu-
lam beam and then prestressed prior to face bonding the
glulam beams. The pre-stressing force is then relaxed
after the bonding operation is completed. While this
research appears promising, it is only in its infancy and
considerable work remains to be completed before it can
become a marketable technology.

Summary

Beginning in the late 1960's, extensive research has been
ongoing in the U.S. to advance the technology for using
timber in highway bridge construction. This research has
resulted in many innovative technologies that have been
successfully incorporated in numerous timber highway
bridge applications throughout the U.S. Continuing
research will undoubtedly expand on existing technolo-
gies and create new technol ogies which will enhance the
competitiveness of timber as a highway bridge construc-
tion material. In addition, these technologies aso have
applications in other types of bridges such as pedestrian
bridges and railroad bridges thus leading to an expanded
use of wood in those types of structures.

It is further hoped that much of the timber bridge technol-
ogy developed in the U.S. over the past 25 years may have
application in other countries where the use of timber in
bridge construction is a design option. For example,



athough not located in the U.S., one of the most striking
examples of the innovative use of glulam in highway
bridge construction is the cable-stayed glulam bridge con-
structed in Hiroshima, Japan as shown in Figure 11.

Figure 11 — Cable Stayed Glulam
Highway Bridge.

This two lane wide bridge has a total length of 145 meters
with a center clear span between support towers of 84
meters. This bridge uses a glulam truss configuration for
the suspended superstructure. Although constructed in
Japan, the glulam components for this unusual timber
bridge were al rnanufactured, pre-fabricated for al con-
nections and pressure preservatively treated at manufactur-
ing facilities in the U.S. Perhaps this and other innovative
timber bridge systems as described in this paper will once
again lead designers to timber as a modern highway bridge
construction material.
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Timber Bridges in the Nordic Countries

Otto Kleppe, Norwegian Public Roads Administration
Erik Aasheim, Norwegian Institute of Wood Technology

Abstract

The Nordic Timber Bridge Programme is a co-
operative programme for Sweden, Finland, Denmark
and Norway, with the head of the working group and
the chairman from Norway. The participants in this
programme come from the Timber Industries, the
Timber Research Institutes and Public Roads
Administration in the various Nordic countries. The
paper will describe the most essential pointsin “why
and how” this Timber Bridge Programme was
established. The objective was to increase the
knowledge of timber used in bridges, and timber
bridges vis-&vis architects, engineers and politicians
regarding material and construction preference and
disadvantage, environmental aspects, construction
costs and service life costs. The aim is to construct
more timber bridges at the sacrifice of steel and
concrete bridges.

Background
Bridges in a historic perspective started with different
forms of natural bridges, see figure 1.

Figure 1-Historical bridge.
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In the Nordic countries, asin most part of the world,
timber and stone were common constructing materials
for bridges in the past. The most common timber
bridge types were probably:

» Beam bridges

* Cantilevered timber bridges
* Strut frame bridges

* Suspended frame bridges

* Truss bridges

These bridges could also be covered.

~—~—l——

Figure 2-Bridge from the Viking period.

In Norway the number of timber bridges increased
during the last part of the nineteenth century, but
around the turn of the century the building of timber
bridges stopped amost completely. Most likely
because steel bridges became cheaper and simpler to
construct.

During a period in the 1960's we constructed in
Norway a number of glulam bridges for pedestrians.
These bridges were competitive concerning cost and
aesthetics. After a period of 15 years we amost
stopped constructing these bridges because of the
supposed service life not being as expected. It seemed



that the bridges decayed much sooner than
anticipated. But this was only an assumption.

In connection with the design of the indoor arenas for
the 1992 Olympic Winter Games in Norway there
was a competition between steel and timber for the
roof constructions. Timber was chosen because of the
cost and the aesthetics. These arenas are huge
constructions compared to previous Norwegian
timber constructions. The roof structure consists of
severa truss girders. The largest span is more than
100 m and the load carrying capacity of two such
girders is high enough to facilitate a two-lane road
bridge.

If we construct big halls in timber, why don’t we also
make timber bridges? It was decided to establish a
timber bridge group with participants from the timber
research centre, the timber industry, and the Public
Roads Administration. The task was to work out a
conceptual design for timber bridges in Norway with
emphasis on aesthetics, service life, design rules and
competitive economics. The result of the conceptual
design was satisfactory regarding these issues and the
work with timber bridges continues. However, the
report is written in Norwegian.

About the same time groups from al the Nordic
countries worked on or had the intention to start
working on national timber bridge projects. This lead
to a study trip to the Forest Products Laboratory in
Madison, Wisconsin, USA. The laboratory was
chosen because it is well-known that it possesses the
engineering environment and experience to produce
research work and to construct timber bridges. On
this study trip the whole Nordic group decided to
make an effort in establishing a project for timber
bridges with financial support from the Nordic
Industrial Fund, the timber industry, national timber
research institutions and the national Roads
Administration.

The Nordic Project in General

During the visit the delegates decided to co-operate in
the production of relevant facts to encourage timber
bridge structures in the Nordic countries.

The Nordic countries are Sweden, Finland, Denmark
and Norway.

Figure 3-Map showing the Nordic countries
as a part of Europe.

The objectives of the project were to promote timber
bridges by

» removing some of the myths about these bridges
that are obstacles in the choice of timber bridges
in competition with concrete or steel bridges.

* increasing the participants knowledge of timber
bridges.

»  doing research on timber bridges.

» providing relevant information about timber
bridges to be announced for decision-makers by
means of

— publishing reports and participating in
exhibitions with results from this project

— announcements aimed directly at the decision-
makers

— presentations at various conferences
— newspapers and television.

The success rate is not manifested in figures, but in
terms which mean that the trust in timber bridges
must be re-established, and that construction of
timber bridges should increase substantially in
specific areas in the Nordic countries and in
neighboring countries. Both pedestrian and road
bridges are included in this project, but the increase
in road bridges is the most encouraging.

We also expect that this project will result in
increased knowledge of timber bridges and start a
process with continuous improvement of the timber
bridge concept.

1



Table 1-The sub-project each country deals
with. * shows the responsible country.

Denmark Sweden  Finland  Norway

Market survey 222277777 //////////////////////ZJJ

Competitive power!
Design rules Z Z
Composite bridges m
Arch bridges

Stress lam. decks 2277,

Truss bridges
Joints AL S L

S ITIISSIII)
Accessories Z
Substructure

Wearing course Z

. E—
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Service life [

Information /2 . %,

The Nordic timber bridge program is organised as a
partnership with an executive group consisting of two
representatives from each Nordic country. In addition
the project has a project group which co-ordinates the
activity on behalf of the executive group.

The complete project is composed of the thirteen sub-
projects as indicated above.

Each sub-project has one national responsible person
from one of the countries. The other nations take part
in each sub-project as agreed upon. Not al sub-
projects have partners from al countries. A few of
them are actually individual, national sub-projects.
However, they are still managed by the project and
the executive group.

For the Nordic timber bridge project NOK 8,000,000
(% 1,200,000 is allocated from the following funds:
* 50 % from the timber industry and from national
road administrations
* 20 % from national research funds
* 30 % from Nordic Industrial Fund.

The project will be closed in October this year and
has at that time lasted for two years.

There are many advantages with a Nordic project like
this.

Firstly, the various partners from the Nordic countries
have different experience from their own areas. This
means that the store of knowledge based on what all
partners know about this subject is greater than the
individual knowledge.

Secondly, the basic experience that each of the
partners has obtained prior to starting the project is
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the basis for aiming directly at the problems that this
timber bridge project involves.

Finally, the knowledge coming from a varied group
of members and the issues which are raised are the
bases for being creative in this study and to indicate
excellent solutions.

The project has an on-going research programme for
fatigue study of dowel connections. About 20
samples of dowel joints were made. These joints were
tested in a fatigue testing machine with up to 10’
cycles. Asthe test is still in process, | have to come
back to the result in the oral presentation.

Examples from Sweden

Klockarbergsvéagen

A new road outside the Swedish city Skellefted was
opened in the autumn of 1994. Two glulam bridges
are included in this project. Both of them are based
on the principle of stress-laminated timber decks, and
are designed to carry the normal traffic loads
according to the Swedish regulations “Bronorn 88”.
Bridge number 1 has a total length of 35,2 m and a
width of 10,7 m. The main load carrying structure
consists of 4 rows of poles with crossheams and 4
parallel three-hinged arches, asindicated in figure 4.
The span of the arches is 15 m. The stress-laminated
deck is built up by glued laminated beams with a
depth of 360 mm.

Figure 4-Klockarbergsvéagen bridge 1.

Bridge number two has a total length of 16,2 m and a
width of 10,5 m. The deck is supported at the ends
and by two crossbeams on the top of the poles, see
figure 5.

Figure 5-Klockarbergsvagen bridge 2.

The producer of both bridges was Martinsons Tra AB
and the design was done by Trétek in co-operation
with Martinsons Tra AB.



Enkdpingsbron

In 1995 a new timber bridge for light-weight traffic
was opened in the Swedish city Enkdping. The
bridge has two spans, each 28 m long, see figure 6.

Figure 6-Enkopingsbron.

The deck is supported by a CCA-treated roundwood
structure with zinc coated steel parts. The stress
laminated deck is built up by CCA-treated solid
timber planks and is divided into 5 sections, with
lengths of 5 to 6 m. The deck is covered by a
membrane and an asphalt top layer.

Examples from Denmark

Pedestrian arch bridge Roskilde

Just outside the Danish city Roskilde a new
pedestrian glulam bridge was opened in 1995. The
bridge has a total length of 35,8 m and a width of 4,0
m. The main load carrying elements are two three-
hinged arches with a span of 32,4 m, as shown in
figure 7.

Figure 7-Arch bridge Roskilde.

The arches are circular glulam elements with inner
radius of 25 m and a constant cross section area of
300 mm x 1000 mm. The timber deck planks (150
mm x 60 mm) are supported by glulam crossbeams
(200 mm x 500 mm) and 7 secondary beams in the
longitudinal direction in solid timber (140 mm x 220
mm). The upper surfaces of the glulam arches are
protected with aluminium covering.

Pedestrian crossing Hgrsholmvej
This timber bridge was built as a temporary bridge in
1955, but is till in service. The total length of the

bridge is 39 m which includes 4 spans with maximum
spans of 11,6 m, seefigure 8.
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Figure 8-Pedestrian crossing Harsholmsvej.

The main structures are “lattice trusses’. (This
system was patented by the US architect Ithiel Town
in 1820, and a great number of covered bridges based
on “Town lattice trusses’ were built in many parts of
the United States for railroad and highway traffic.)
The cross sections of the trusses are described in
figure 9.
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Figure 9-Cross section lattice trusses.

The web members have a cross section of 1,25" x 67,
the lower chord members have a cross section of 3" x
9” and the upper chord members have a cross section
of 2,5" x 5" with a horizontal 2" x 8" on the top.
After having been in service for 40 years, the bridge
in gtill in good shape with very low maintenance
costs.

Examples from Finland

Myllysilta bridge in Nurmijérvi

This roundwood timber bridge is a so called
“museum bridge” and was built in 1966. The total
length of the bridge is 47 m, and the two main spans
are 16 m. The main structures are 7 roundwood
systems, as shown in figure 10.

Figure 10-Myllysilta bridge.
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The diameter of most of the heavy loaded members
are 200 mm, and all the timber pieces are pressure
treated with creosote.

Kruununmylly bridge in Hameenlinna

This bridge was opened in 1993, and was the first
Nordic timber and concrete composite bridge. The
span of the bridge is 8 m and the width 12 m, see
figure 11.

Figure 11-Kruununmylly bridge.

The main structure consists of 11 impregnated glulam
beams with cross sections of 140 mm x 630 mm and
with a concrete slab as deck structure. The shear
connections between the glulam beams and the
concrete slab consist of round steel bars. Concreting
may be executed without temporary supports, and
permanent plywood panels between the girders are
the only formwork needed.

Examples from Norway

Figure 12-Evenstad bridge.

Evenstad bridge

Evenstad bridge crosses Glomma river in Hedmark
county about 250 km north of Oslo.

A preliminary study for the Evenstad bridge was to
compare the cogt, the aesthetics and the functionality
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of one steel, one concrete and one timber bridge in
the same situation. Especialy for the timber
alternative the technical challenge should not be too
extensive to handle. The study concluded that the
estimated cost for these three alternatives would be
about the same, the aesthetic challenge was easier to
handle in the timber aternative, and the functionality
of the three alternatives would be the same. However,
because of the flood condition the superstructure
must be situated above the deck. It was decided that a
timber bridge should be built. This will be the first
modern Norwegian road bridge made of timber.

Technical data and dimensions of the timber
bridge — Evenstad bridge will be 180 m long and the
carriageway 6,5 m wide. The bridge will consist of
five 355 m simply supported spans. The
superstructure is composed of two glulam truss
girders with a curved upper chord. The girders
support the deck by means of crossbeams underneath
the truss girders. The substructure will consist of
three concrete piers on steel piles and two directly
founded abutments. The deck will be a stress
laminated timber deck with damp proofing and

asphalt.

The project team faces two main challenges for this
timber bridge project.

Figure 13-Timber truss girder with joints of
multi-section dowel.

The joining of big glulam structures is both feasible,
economical and practical to do by using multi-section
dowel joint. This will also be the case here, as shown
in figure 13. The evaluation is based on experience
gained both from the construction of the Olympic
Arenas in Norway and from Switzerland in particular.
As mentioned, some fatigue studies for this joint are
in progress in the Nordic timber bridge project.



arches with 24 m span which support a deck of wood
and steel grating. All timber is preserved with CCA

and mordant of oil.

Figure 14-Stress-laminated timber deck.

It will be the first time stress-laminated decks are
utilised in a large bridge in Norway. Other nations as
Sweden, Switzerland, Australia, Canada and USA
have used them for several years. On the topside of
the deck will be placed a membrane with an asphalt
layer top, sefigure 14.

Protection system — For this bridge a
preservation treatment with MT Creosote with BAP
less than 50 ppm will be used. This product is
assessed to be the best long-term treatment also in
relation to the environmental aspect. Creosote with
low benzopyrene used for wood preservation is no
longer classified as a carcinogenic product according
to EU-classification.

The first timber bridge for road traffic in many years
in Norway will be instrument to monitoring moisture
content and stress.

From a maintenance aspect the use of timber should
not be problematic in such a structure. Both the
experience from countries that have used modern
timber bridges in the last decade, and the use of
timber in outdoor constructions show that the
maintenance cost for timber structures is very low
during the first 40-70 years. The reason for this is
both the pressure-treatment with creosote and the fact
that the wood itself, with its good characteristics as a
bridge construction material, is able to resist impact
and shock |oad.

I will now mention some recently constructed
pedestrian bridges.

Stien bridge, Rogaland county.

Stien bridge is a pedestrian bridge crossing the
highway about 15 km south of Stavanger leading into
the city. It was constructed in 1993.

Stien bridgeis 31 mlong and 3.4 mwidewitha3m
carriageway. The bridge consists of two glulam

Figure 15-Stien Bridge.

Holmen bridge, Nord-Troendelag county
Holmen bridge is a pedestrian bridge crossing
Namsen river in Nord-Troendelag county. It was
constructed in 1994.

Holmen bridge is 60 m long and 3.65 m wide with a
3 m carriageway. The bridge consists of two glulam
arches with 40 m span supporting a deck of wood and
steel grating.

All timber is preserved with creosote. The only
problem up to now is that some creosote leaked from
the wind bracing to the pedestrians on the bridge. The
problem was solved by removing redundant creosote.

Figure 16-Holmen bridge.

Oeya bridge, Oppland county

Oeya bridge is a pedestrian bridge crossing a small
creek in apark in Lillehammer. It was constructed in
1993,

Thisisaone-span 13 mlong and 2 m wide bridge. It
is made of one arched glulam girder with steel ribs
which also function as parapet. On each post is a
timber hand rail. The timber girder and the ribs
support a CCA-treated deal deck.

The timber girder is treated with creosote.
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Figure 17-Oeya bridge.

Os bridge, Hedmark county

Os pedestrian bridge is only in a preliminary stage,
but is planned as a 80 m long, two-span covered
bridge.

150 m

A

Figure 18-0s bridge.

A dream

Will it be possible to design and build a really big
timber bridge? Rune Abrahamsen, a student at the
university of Trondheim, questions this in his
postgraduate thesis. He concludes that it would be
possible to construct a truss arch bridge with a span
of 150 m. This is based on experience from the
construction of the before-mentioned Olympic Arenas
in Norway. The bridge will sustain the traffic load
described in the Norwegian Traffic Load Regulation.

The bridge consists of six truss arch timber girders, se
figure 19. The top and bottom flange will be 645 x
645 mm and the height of the arch 4 m. The wooden
deck will consist of 600 m’timber and the girders of

1234 m’,
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Figure 19-A dreambridge ?

The timber part of the bridge is estimated to about 15
MNOK (M$ 6.2). At that amount the structure will
not be competitive with a similar bridge in concrete

or steel.
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Timber Bridges in Australia

Graeme P Walter, Regional Services Support, VicRoads, Victoria, Australia

Abstract

This paper presents an overview of the history of timber
bridges in Australia and examines applications of timber
technology related to transportation structures and the
implementation of technology in Australia.

Keywords: Timber, Bridges, Australia

Introduction

European presence on the Australian mainland has only
existed in a permanent format for approximately 200 years.
Prior to this, the indigenous aboriginal population lived in
harmony with the often harsh environment.

Australia’s significant timber resources are located in the
coastal zones of the South West, Eastern and South
Eastern regions of the continent. The remainder of the
continent is semi arid to arid with little to or no significant
commercia timber resource.

The Indigenous population had little commercia interest in
the forests other than to provide a refuge and environment
in which they and their food resource resided.

Europeans had a different perspective on the forest
resource. Australian forests provided them with an
untouched natural resource which provided materials of
strength, size and durability.

Unlike the Indigenous population, Europeans had little
understanding of the environmental management issuesin
this new continent which would enable a sustainable
commercia use for the forest resource.

It took more than a century for Europeans to realise that the
timber was a finite resource unless managed.

Australia now has a well managed hardwood and softwood
forest management strategy in practice. Native Eucalyptus
forests are managed on a sustainable basis with specific
management practices developed for the different species
and environments. Hardwood plantations are being
developed to supplement the managed native forest
resource.

Commercial softwood plantations, mainly Radiata Pine,
have been planted over the previous 70 odd years.
Softwoods have provided the economica alternative
resource for the value added side to the timber industry.

History of Timber Bridges in Australia

The earliest recorded timber bridge built in Australia was
the Bridge Street bridge over the Tank Stream in Sydney
constructed in 1788 but was washed away soon after
construction. The Stream rapidly became a polluted drain
as Sydney developed and was finally fully covered as part
of Sydney’s expansion by 1870.

Professor Colin O’ Connor, in his book “Historical Bridges
of Australia’ records that by 1805, there were 10 timber
bridges on the Sydney to Paramatta Road constructed of
Iron bark or Blue Gum timber stingers and decking.

As the Colony devel oped bridges were constructed, many
using timber superstructures and masonry piers. None of
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these early bridges remain.

There are few records of the actual numbers of timber
bridges constructed during the early yearsin the Colonies.

As the Colonies expanded, and the need to transport people
and commodities increased, there was a need to build
bridges with larger spans and greater load capacity.

The timber truss is generally considered as an American
innovation.  During the early and mid period of the
nineteenth century, many consider that, as a result of the
Gold rushes and rapid movement of people, this technology
was transferred internationally.

New South Wales was the Australian leader in the use of
timber truss bridges to overcome the span requirements.
Professor O'Connor indicates the development of truss
bridges in Australian can be classified into so called old
type trusses prior to 1886, McDonald trusses 1889-1894,
Allan trusses 1893 to approximately 1920 and the de Burgh
composite steel and timber and Dare composite trusses in
the period 1900 to 1912.

Old Style Truss (Public Works Department)

McDonald Truss

AN

Allan Truss

=
De Burgh Truss

NN

Dare Truss

Timber Truss Types for Bridges
Constructed 1860-1912
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One of the oldest type timber truss bridges still in existence
is the Karuah River bridge at Monkerai which was built
about 1877.

Laminated Bow Staring arch bridges were constructed in
the period 1870 to 1900, but many developed problems as
aresult of separation of laminates due to the large amount
of shrinkage of Australian hardwoods. The shrinkage
created gaps that enabled fungal and termite attach in these
areas. Replacement of individual laminates was not
possible.

The larger and more impressive truss structures attract the
attention of the general public.

Livingston Road Bridge
Morwell River, Victoria

Many of the innovations in timber bridge technology were
developed through necessity with the expansion of the
railway network and the requirement for greater load

capacity

It was not these structures that provided the significant tool
to the development of the infrastructure network, but rather
the humble timber stringer beam bridge with timber trestle
substructure. These simple structures with spans in the
range 5 to 12 metres provided the backbone to the road and
rail network. Timber for these structures was sourced and
milled locally and bridges constructed by the local
communities.

Timber bridge construction was overtaken by more modem
materials and technologies in the early portion of this
century. Timber appeared to have lost the appea to
designers and those managing the road network.



Old Timber Bridge - Eastern Victoria

Materials
Durability is perceived by many to be the down side to
using timber in significant infrastructure projects.

An understanding of the materials is essential to the correct
utilisation of the material, whether timber, concrete or steel
or combination of all in composite structures.

Australia was fortunate in that it had many readily
available hardwood species suitable for structural
applications. The most notable are the Eucalyptus species
of which many provided both durability and strength.

Much of the old growth Eucalyptus species were large trees
and very suitable for bridge construction applications.
Today in Tasmania, the Southern most state of Australia,
it is not difficult to obtain clear round logs in excess of
1.2m diameter and 15m plus length.

The availability of this timber is reducing rapidly as the
community appreciates the old growth mature forest for its
heritage and environmental values.

Many of the Australian Eucalypts have been high strengths
with round logs from varieties such as Grey Box, Black
Butt and Iron Bark being classified in strength groups of
F27 and high durability classifications. These timber
species enabled early bridge builders to construct basic
bridges easily, cheaply with the benefit of strength and long
life. Many of these basic bridges are in service on minor
roads today, with little or no maintenance and in excess of
80 years service.

Designers of bridges in Australia today cannot
economically obtain old growth mature forest sawn timber
in sizes necessary to construct bridges.

Technology has enabled plantation timbers to be utilised
through the manufacture of structural timber sections such
as Glu-Laminated beams. Preservative treatment of lower
durability timbers, both hardwood and softwood, have
enabled previously undesirable species to find application
in bridge building.

Manufactured structural section with appropriate
durabilities are available for bridge building. The
imagination of the designer will be the limitation to the
application of these products in the competitive market
place.

Perceptions of Timber Bridges

Timber bridge construction effectively ceased in the early
1950s due to availability of suitable timber sizes, perceived
durability and the advances in steel and reinforced concrete
technologies.

Concrete in particular was perceived as providing long
term maintenance free structures similar to many old and
existing masonry structures. Advances in steel technology
provided opportunities for longer span structures with
increased load capacities.

Timber bridge technology had not advanced beyond the
trusses of the late nineteenth century. Construction and
maintenance of these bridges was becoming a problem
particularly where the ratio of material cost to labour cost
was atering with labour cost proportions increasing over
materia costs.

The timber bridge was seen as a solution on low traffic
volume, small span and remote location sites where there
was a local material source.

New Timber Stringer Bridge
Savage River - Tasmania

Poor detailing on many of the short span timber stringer

with timber trestle substructures combined with low
durability local resourced timber, resulted in the perception
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of timber bridges being short term solutions to bridging
problems. This perception is still held by many Engineers
practicing today.

The timber bridge was being delegated to the boutique
market scene where cost was not the driving consideration.
This effectively excluded timber bridges from the arterial
road networks, with targeted programs to replace existing
timber bridge stock.

Timber bridges are delegated to a solution for small
pedestrian bridges and low load capacity vehicle structures
on the likes of golf courses and private rural farm
properties.

The timber supply industry concentrated on the rapidly
growing residential scantling market where large volumes
of repetitious section sizes would be utilised.

Timber was not seen as exciting in the context of materials
available in the market. The result was stagnation in the
advancement of technologies which would enhance the use
of natures most friendly renewable resources in transport
infrastructure projects.

Advancements in Technology

During the 1970s, the extent of the timber bridge asset was
being appreciated, not through an appreciation of its
functionality, but rather through the cost of maintaining it.
Neglect of the asset over decades had resulted in this
situation. Replacement of the timber bridge asset was
prohibitive in the short term.

The necessity to prolong the serviceability of these assets
was required. Like so many progressions in technology,
necessity for a solution progressed the cause.

The residential and commercial building market with the
potential for large volume turnover lead to the development
of manufactured timber products such as Glu-Lam and
Laminated Veneer Lumber structural sections.

Developments in preservative treatment of timber products
opened the field for use of timber products to previously
hostile environments.

Innovation by practitioners in the maintenance field
resulted in a better appreciation of the detailing
requirements for timber bridges.

Advancements such as “stress laminated timber decks
utilising preservative treated or high durability sawn timber
has provided a new and exciting tool to maintain existing
bridge structures while also increasing their load capacity
through. The Canadian initiated “ Stress Laminated bridge
system has been successfully further developed in the
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United States to provide atool to practitioners maintaining
and building timber bridges.

Through the generous contribution of the United States
Forest Industry, the technology associated with stress
laminated timber bridges has been shared with Australia

The Road and Traffic Authority of New South Wales in
association with the University of Technology, Sydney,
have worked in adapting this technology to Australian
conditions. The timber industry have been supportive of
the research.

Advancements in the development of stress laminated
technology to new structures is being carried out by the
Road and Traffic Authority of NSW and the University of
Technology, Sydney. Consultation and technology transfer
during the project is occurring between the Australian
project personnel and the US Forest products laboratory.

The use of laminated timber beams has been used
successfully in Australia to construct pedestrian bridges.
These bridges range from single span stringer beam
through to large arch structures.

The Maribyrnong River pedestrian bridge is a two-pinned
arch restrained by continuos off ramps. The clear span of
the arch is 66 metres.

Interest in timber bridges technology in Australia has lead
to innovation in small span bridge design utilising
composite timber stringer and concrete decks, cable stayed
stress laminated pedestrian bridges and stress laminated
cellular deck structures.

Timber Arch Pedestrian Bridge
Manbyrnong River - Victoria

Conclusion
The future use of timber in bridges in Australia will
ultimately be driven by economics. The solutions



developed by designers to satisfy client requirements will
generaly be cost driven. The market in volume terms is
relatively small when compared to other commercial uses.
The small span bridge market is very competitive with
solutions using alternative materials such as concrete and
steel being perceived by many as providing the more
appropriate economic and durable solution.

For timber bridges to achieve success in this competitive
market will require the persistence of the dedicated,
commitment of suppliers and an appreciation by the
consumer of the benefits of using natures most friendly
renewable resource.

Timber will not be the appropriate solution for all
situations.

With the appropriate commitment from all shareholdersin
the timber technology community, timber will remain a key
resource material for bridge designers and managers of the
road network infrastructure asset.
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Timber Bridges in Central Europe,

yesterday, today, tomorrow

Ulrich A. Meierhofer, EMPA Swiss Federal Laboratories
for Materials Testing and Research

Abstract

Historically, limber bridges have played an
important role. The decline of timber bridge
building was triggered by the development of
competing materials: steel and concrete. Governing
factors for the revival of limber bridge building in
the eighties has been the development of timber
engineering, of glued laminated timber (treated and
untreated), as well as of the laminated bridge deck.

Keywords: Bridges, competition, concrete,
development, design, history, innovations, steel,
tradition, timber, timber engineering, trends.

General Remarks

Building bridges is a matter - among other things -
of topography, transportation needs, economic
potential, cultural heritage, availability of suitable
materials and experienced craftsmen, fashions,
prestige, preferences and prejudices. Bridges often
have a symbolic character and reflect the spirit of
the times in which they were built.

Nowadays bridges are usually engineered structures
- designed solely by engineers. Architects have
only been involved in bridge designs in very few
cases - and this has not always been beneficial.

While craft skilled timber structures have shown
more or less a steady appreciation and demand on
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the building market through the last decades, the
engineered timber structures, including timber
bridges have demonstrated a significant increase
over the last fifteen years. This has been especially
true for Switzerland and later on to some extend
also for neighboring countries.

The background of this development, the reasons
and the perspectives shall be explained: Europe - in
spite of its small size - is characterized by many
climatic, topographical and cultural differences, as
well as a considerable variety of building traditions.
The following considerations are mainly valid for
the alpine region with its mgjor through roads over-
coming many obstacles, rivers, streams, gullies,
ravines, gorges etc.

Bridges in Retrospective

Bridges certainly played an important role in the
transport systems of old cultures, but amazingly
little is known about them. Exceptions are Caesar’'s
bridge over the Rhine or Trojan's bridge over the
Danube.

Considering the entire history of men, timber has
been undoubtedly the most frequently used material
for bridge building Even the Romans, who
developed a highly sophisticated building techno-
logy with natural stones, used a lot of timber not
only for bridges but also for other major structures
like the Coliseum in Rome. After the collapse of



the Roman Empire their amazing road system broke
apart due to the lack of maintenance and many of
the building skills of the Remans were lost. More
simple methods were applied later on, techniques
which had been used at all times by craftsmen for
less important crossings. These techniques can be
characterized by short span, low load bearing
capacity, cheap material, little workmanship and
low durability.

Very little is known about the art of bridge building
between the Roman times and the Middle Ages
(approx. 1200 a.D.). By then the road systems had
gained importance again and included safe and
durable bridges. From that period, we have con-
siderable evidence of timber bridges, mainly of
covered ones. The roof obviously was recognized
as being a most efficient means of protecting the
bearing structure from the adverse influence of the
weather. These bridges mostly had an abutment of
stone to separate the timber structure of the bridge
from the moist soil. Those builders knew perfectly
well that - besides hostile men - rot is the most
dangerous enemy of timber bridges - and can be
prevented by keeping the wood reasonably dry.

The evidences of those timber bridges are not
restricted to pictures and written documents, for the
durability achieved with the technology of that time
allowed many of these structures to stay in service
until now. One of the famous examples is the
Chapel-bridge in Lucerne. which lasted until 1993
when most of it was destroyed by afire.

By the way, this has been the fate of most of the
historical timber bridges: They were not destroyed
by the ravages of time, but were burnt down in the
many quarrels and wars of European history.

The most famous bridge of the builder Hans Ulrich
Grubenmann was built in Switzerland in 1758 over
the Rhine at Schaffhausen and had a length of 120
m (400ft). Even though longer bridges were built by
other builders. the Grubenmann family represents a
certain climax of craft skilled timber bridges up to
the 19th century.

Then new techniques were introduced, triggered by
a increased availability of iron at a considerably
reduced price due to new manufacturing methods.
New types of structures were introduced in Central
Europe, especially of the truss type, like lattice truss
or Howe's truss. However, they never became as
popular as in North America, where they had been
invented and were built by the thousands.

Decline of Timber bridge building

Promoted by decreasing prices the iron and later
steel, the technology developed quickly.. Iron and
steel became increasingly popular for bridge
building and the use of timber declined rapidly in
the second half of the 19th century.

Steel and - fifty years later - reinforced concrete
represented modern times and technology. The
seemingly unlimited new possibilities have edged
timber completely out of the minds of ridge-)
engineers. Besides the image of being outdated -
and not offering any superlatives (strongest,
biggest, longest), - timber as a bridge material was
disregarded for several other reasons:

The traffic loads had multiplied, urging the use of
high strength materials. Scientific research and
development resulted in a high level technology of
steel- and concrete production. Large and powerful
steel and concrete industries developed, absorbed
and implemented new know-edge. Tough compe-
tition kept (and still keeps) the price of steel and
concrete low, and professional training in steel-
and concrete technology and design is thorough and
well recognized.

In the same period wood and timber engineering
remained a research topic of low significance.
Production - except that of the wood derived panel
products - remained in the hands of numerous local
saw-millers and craftsmen, lacking a substantial
capital base and innovative drive. Professional
training at the craftsmen's level was (and is)
satisfactory but traditional - and at the engineers
level either modest or non existent.

For at least half a century the art of timber bridge
building remained in a state of hibernation, fifty
years during which an enormous increase of al
building activities took place in the industrialized
part of the world - a period strictly dominated by
concrete and stedl.

Revival of Timber bridge building

A gradual revival of timber bridge building started
about 1980. It was based mainly on earlier
developments in timber engineering and of glued
laminated timber. Numerous innovative projects
resulted in some spectacular structures, particularly
roof structures for sport stadiums. All these
structures have one advantage bridges don’t have:
The carrying structure is normally well protected
from the weather and presents few complications
regarding durability.

Even though adequate durability is one of the major
tasks in timber bridge construction, there were and
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certainly still are more dominating obstacles to a
more frequent use of timber. It is well known that,
not only in Central Europe, but in most countries
the limited knowledge and experience of most
design engineers and officials in highway
departments leads to a generally negative attitude
towards the use of timber for bridges.

A US-American investigation revealed in detail the
uncertainties and knowledge gaps of the responsible
engineers (1). The study certainly aso reflects the
situation in Central Europe and many other
countries.

The renaissance of the timber bridge demonstrates,
that technical as well as mental obstacles can be
overcome. Today there arc a considerable number
of arguments to encourage the use of timber for
bridge construction:

Technical arguments -
- the availability of new types of wood based
products with engineered properties

- the fun of rediscovering a “new-old” fascinating
material with many interesting properties

- the better knowledge of the properties of wood
and the increasing ability to take advantage of
specific characteristics of wood in an appropriate
manner

new possibilities of modifying wood and
combining it with other materials to fulfill specia
tasks within the timber structures

- new ways and means of manufacturing, quality,
control, transporting and erecting wood structures

Other arguments -

- the rediscovery of timber as an environmentally
friendly, renewable resource with virtually
unlimited supplies

- afashion-like preference for architectural features
expressing the characteristics of timber structures

- the potential of wood and timber structures to
promote a certain design quality which cannot be
achieved with other materiels

and last but not least

- some loss of image of the materials competing
with wood. particularly the increasing awareness
that concrete is by far not the everlasting materia it
was expected to be.
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Focal points of Innovations

If we analyse critically the circumstances leading to
the current increase in the use of wood as
construction material for bridges in Central Europe,
wc come to the conclusion that three dominating
factors are responsible for it, two of which are of a
technical nature:

The first factor is the development and use of
pressure treated glulam for which a base was laid in
extensive tests in the seventies. This has alowed
the use of glulam elements in the more hazardous
circumstances normally occurring in bridge
constructions.

The second factor has been the development of the
stress laminated bridge deck, a development which
started also in the seventies in Ontario. A later
development was the glued laminated bridge deck.
Compared to former techniques, such bridge decks
are characterized by a certain monolithic solidity,
allowing an efficient plate action of the deck, i.e. a
better load distribution and providing also a solid
base for the moisture barrier and the wearing
surface (pavement). In view of the everyday
problems of bridge maintenance and repair this
factor should not be underestimated. Today
laminated bridge decks are important for new
timber bridges, as well as for retrofitting existing
ones.

The third and last factors has been a slowly
changing attitude of building owners, politicians
and especialy the responsible officials in highway
departments, which lead to a more positive attitude
towards the use of timber.

Types of new Bridges

Trying to characterize the timber bridges of the last
fifteen years, we can distinguish three quite
different categories:

The first type - which | would call ‘utility bridge’ -
is expected to be cheap, smple to build and to
maintain. It is standardized and restricted to the
most favourable circumstances for timber (e.g. short
to moderate spans). It is durable and has little
beauty or design ambitions, but can compete
economically with any other bridge material.

The second type is just the opposite and could be
caled ‘designer bridge'. Its characteristics are
bigger spans, a higher level of sophistication, inno-
vative design and the implementation of new and/or
unusual ideas. It has esthetic ambitions, but the
economy is usually less favorable.



The third type is the ‘modernized classical bridge'.
It was the first one of the timber bridge revival. Its
appearance bears features of traditional bridge
design, especialy of covered bridges, but tech-
nically it is taking advantage of all modern
developments, such as glulam, microlam and other
wood based products, pressure treatment, newest
types of connectors, prestressing of bridge decks,
etc.

Following this simplified classification in reference
to highway bridges we may say that the designer
bridge is at the moment the preferred type in
Central Europe. The modernized traditional bridge
is also popular, but of decreasing importance, not
only for price reasons. Up to now the utility bridge
plays a secondary role in Europe, but this could
change rapidly according to local initiatives.

For obvious reasons railway bridges in timber are
virtually non existent in Europe.

Pedestrian and other low duty bridges are quite
popular in most regions. The far lower loads allow
a much greater degree of design freedom, and their
development and application follows a different
pattern.

Many people have mixed feelings about the
construction of new covered bridges. It is a con-
troversial topic. but should be handled from a
rational point of view. This supposes a clear
distinction between the technical, economical and
architectural aspects. Covered bridges are traditio-
nal in some regions and fit well in some landscapes
and surroundings. They tend to have a heavy
appearance, if they carry more than one lane. Even
though various samples of this type were built, the
majority of covered bridges are rather narrow. To
like the architecture of covered bridges or not, is a
matter of taste, but al the historical bridges still in
service were and are - if not of natural stones -
covered timber bridges.

Design Trends

There is no doubt that technicaly the roof is an
extremely efficient protection against the adverse
impact of the weather. It increases the bridge
construction costs noticeably but, on the other hand,
clearly cuts expenditures for maintenance - nearly
by half according to German investigations (2).
This may result in competitive annual costs or life
cycle costs.

Undoubtedly the improved durability image of
outdoor timber structures - among them also
bridges - is based to a considerable extent on

chemical treatments for preservation. However,
durability is becoming more and more a dominating
design factor.

In the last ten years environmental concerns have
clearly spoken increasingly against the use of toxic
chemicals for wood preservation. This has recently
prompted some less experienced designers to omit
chemical treatments completely, without taking into
account the far reaching consequences. Some
design configurations just don’'t work without the
help of chemical treatment, and completely
different designs may be necessary. The borderline
between feasible and non-feasible is not well
defined and depends on a number of factors, but
improper approaches may result in substantial
damage within a short time. This could quickly and
thoroughly destroy the ‘durability image’ of timber
bridges.

The reguirement to minimize or to avoid comple-
tely chemical preservation clearly reduces the
multiplicity of design possibilities and enhances the
importance of constructive measures, i.e. structural
detailing (see contribution of F. Kropf). Never-
theless one hopes that the innovative drive in timber
bridge design observed in the last few years will not
lose its momentum.

Looking at other perspectives of Central European
timber bridge design - beyond durability conside-
rations - it seems that the engineers have acquired a
new freedom of combining the various materials
available to them: timber, steel, concrete, wood
derived materials, and last but not least high perfor-
mance fibres, which are increasingly the subject of
R&D and full scale implementation also in the
building domain.

Composite structures will certainly be one of the
distinct trends in the next few years, based on newly
developed technologies for joining various mate-
rials by gluing or more conventionally with
mechanical fasteners. Concrete bridge decks on
glulam girders are in many cases a viable alterna-
tive and the monolithic deck can provide an
efficient weather protection for the underlying
timber structure. One of the important details still
in need of improvement is the efficient and
economic shear transfer between deck and girders.

Closing Remarks

In retrospective there has been a remarkable inno-
vative drive in timber bridge building in Central
Europe. Starting from a lower level than North
America, there is a clear potential for a quantitative
development. However, substantial efforts are
necessary to maintain and consolidate the current
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rather favourable genera attitude towards timber
bridge building.

For such an objective it is highly desirable that
many engineers with enthusiasm and solid
knowledge of timber construction create and try out
new attractive designs.

On the other hand it may be less spectacular but still
of higher importance regarding the marketing
potential that the respective industries get interested
in developing, producing and marketing technically
and economically convincing utility bridges.
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Timber Bridges in South America

Carlito Calil Junior, Laboratory of Wood and Timber Structures, Sao Paulo University,

Brazil

Abstract

Timber bridges in South America predate the 19th
century. This paper provides an introduction of the
many types of timber bridges currently used in South
America. The five basic types used, which are, the
longitudinal beam, frame, truss, arch and suspension
superstructures, are presented. Research on new bridge
designs, using tropical and reforestation wood species,
has been developed in the Laboratory of Wood and
Timber Structures, Sao Paulo University in Brazil, on
prestressed timber bridge and decks composed with
two diagonal layers of sawn wood connected with
wood dowels over composed longitudinal beams. We
will construct the first prestressed timber bridge in
South America in this year using Eucalyptus Citriodora
specie.

Keywords: timber, briges, South America, Brazil

Introduction

This paper provides an introduction to the many types
of timber bridges currently used in South America.
Although decks are technically part of the
superstructure, they are addressed separately because
of their varied application on many superstructures

types.

Beam Superstructures

Longitudinal beams superstructures are the simplest
and most common timber bridge type and consist of a
deck system supported by a series of timber beams
between two or more supports. Bridge beams are
constructed from logs and sawn lumber, single or
composite elements.

Log Beams

The simplest type of timber bridge in South Americais
the log beam. It is constructed by placing round logs
alternately tip and butt sections. The span of log beam
is limited to sizes and truck loads. The clear span of 5
to 12 meters are most common (Figure 1).

In order to support high truck loads, LaMEM
developed a longitudinal beam with composite
configuration of two logs alternately tip and butt
sections and connected with split rings and bolts
(Figure 2). This configuration give a stiffness property
of 80% of the theoretica value, and was used in
several bridges construction (Figures 3 and 4).
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Figure 1. Single log beam bridge over Corumbatai river. This bridge is 22 meters long, 11 meters
span, consists of eight longitudinal single log beams of eucaliptus specie and was built in 1985.

Figure 2. Composite log beams.
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Figure 3. Composite log beam bridge over Ribeirao dos Porcos river. This strut frame bridge is 21
meters long, 15 meters span, consists of four longitudinal composite log beams of eucalyptus
specie and was built in 1974.
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Figure 4. Composite log beam bridge over Vespasiano river. This strut frame bridge is 32 meters
long, 20 meters span, consists of four longitudinal composite log beams of eucaliptus specie and
was built in 1983.
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Sawn Lumber Beams

Sawn lumber beam bridges that are commonly 20 cm
wide and 30 cm deep. Solid timber blocking is placed
between beams for alignment and lateral beam
support. Sawn lumber beams bridges are limited in

span by the availability of lumber beams in the
required sizes. The clear span of 5 to 12 meters are
most common (Figure 5). Longer crossings are
achieved by using a series of simple spans with
intermediate supports (Figure 6).

Figure 5. Single sawn lumber beam bridge over Passacinco river. This bridge is 22 meters long,
consists of eight longitudinal single sawn lumber beams of eucaliptus specie.

Figure 6. Single sawn lumber beam bridge over Jauru river. This bridge is 60 meters long, 5
meters span, consists of five longitudinal single sawn lumber beams of aroeira specie.
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Other type of sawn lumber beam is the longitudinal
multi-lattice boarded nailed | beam with diagonally
crossed web boards with 2.5 cm thick, nailed together

and straightened with stiffening ribs. The chord of the
longitudinal beam consists of boards of 2.5 cm thick
arranged in two layers with boards on each side of the
web in each layer(Figure 7).

Figure 7. Multi-lattice boarded nailed system over Sorocaba river. This bridge is 28 meters long,
consists of two longitudinal nailed | beams with diagonally crossed web of Macaranduba specie

and was built in 1990.

Truss Beams

Truss beams consists of straight members connected to
form a series of triangles. A typical truss
superstructure consists of two main trusses. Timber
truss beams are constructed in many geometric

configurations but the three of the most popular are the
bowstring truss, parallel-chord truss and strut frame
truss (Figures 8, 9 and 10). The top and bottom chords
are constructed of a series of straight sawn lumber
members.
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Figure 8. Bowstring truss bridge over Tiete river. This bridge was 52 meters long, consisted of two
longitudinal bowstring truss beams of Peroba Rosa specie and was built in 1930.

Figure 9. Parallel chord truss bridge over Chinchina river, Colombia. This bridge was 30 meters
long, consists of two longitudinal parallel truss beams of Culifierro specie and was built in 1987.
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Figure 10. Strut frame truss bridge over Tiete river. This bridge was 60 meters long, consists of
four longitudinal strut frame truss beams of Peroba Rosa specie and was built in 1930.

Deck Superstructures

The deck is the portion of the bridge superstructure
that forms the roadway and distributes vehicle loads to
supporting elements of the structure. The type,
thickness, and material of the deck are based on the
weight and volume of traffic it must support. Timber
decks are typically constructed with sawn lumber
planks and composite logs-concrete snabs.

Sawn Lumber Plank Decks

Sawn lumber plank decks are the oldest and simplest
type of lumber deck. They are constructed of lumber
planks of 3 to 16 cm thick and 25 to 30 cm wide, that
are placed flatwise and connected to supporting beams
with spikes or wood dowels. The planks are laid in the
transverse, longitudinal or diagonal direction and are
attached directly to closely spaced beams with spikes
or wood dowels (Figure 11 and 12). The planks in
laids in diagonal direction are generally composite in

two layers of 45 degrees with longitudinal axis of the
bridge and 90 degrees among them and attached in the

beams with wood dowels (Figure 13).
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Figure 11. Transverse sawn lumber plank deck attached to longitudinal beams with spikes.

Figure 12. Longitudinal sawn lumber plank deck attached to longitudinal and transversal beams

with spikes.
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Figure 13. Diagonal crossed sawn lumber board deck attached to longitudinal beams with wood
dowels.

mm wide and 4 mm thickness making a zig-zag
Composite Logs-Concrete Decks between the logs. A concrete and asphalt cover were
Composite logs-concrete decks are constructed with put over the deck in order to give a uniform surface on
logs of 20 cm medium diameter fixed in the  the bridge (Figure 14).
londitudinal beams using screws and a stedl strip of 25
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Figure 14. Composite logs-concrete deck attached to longitudinal beams with steel strip and lag
SCrews.

Suspension Bridges

Timber suspension bridges consist of a timber deck
structure suspended from flexible steel cables that are
supported by steel, concrete or timber towers (Figures
15,16, 17). They are capable of long clear spans (over
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100 meters) and are normally used only when other
bridge types are impractical because of span
requirements or when the use of intermediate bents use
not possible.



Figure 15. Suspension bridge over Paranapanema river. This bridge is 132 meters long, 80 meters
span, consists of two longitudinal parallel truss beams of Itauba specie, was built in 1920,
reconstructed in 1985 and repaired by LaMEM in 1989.

Figure 16. Suspsnsion bridge over Tiete river. This bridge is 62 meters long, 31 meters span,

consists of two longitudinal composite log beams of Eucaliptus specie, was designed by LaMEM
in 1977.
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Figure 17. Suspension pedestrian bridge over Piracicaba river. This bridge is 105 meters long, 78
meters span, consists of two longitudinal parallel truss beams of Eucalyptus specie and was

designed by LaMEM in 1992.

Concluding Remarks

LaMEM is one of the most important laboratories of
timber structures research in Brazil. We developed
research, design and construction on the subject of
timber bridges. In this year we are constructing the first
prestressed timber bridge in South America in Sao
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Paulo state in Brazil. Our recent draft code in limit
states design give the new guidelines to be followed in
design and construction of timber bridges. Our
reforestation specie recommended to bridges
construction is the Eucayptus Citriodora. Prospectives
species are pinus.



Fundamental Structural Behaviour of “Built-up”
Stress Laminated Timber Bridge Decks

Keith Crews, Director of Timber Engineering - University of Technology, Sydney
Stephen Bakoss, Professor of Civil Engineering - University of Technology, Sydney

Abstract
Following the successful implementation of stress

laminated timber bridge deck technology for decks
spanning up to 9m, a 3 year research initiative was
commenced early in 1995 at the University of
Technology, Sydney (UTS), to undertake
fundamental research and development of cellular
bridge decks using stress laminated timber
technology.

This work is funded collaboratively by the Australian
Research Council and industry, and has involved
both full scale serviceability and ultimate load testing
(up to 12.2m) as well as an examination and
analytical investigation into fundamental behaviour
of cellular and “T" beam structural forms constructed
from timber elements. Research is currently being
undertaken to extend this technology to applications
with clear spans of 25 to 30m.

This paper presents the findings of on-going research
at UTS and discusses the implications of it for timber
bridges. Research undertaken to date indicates that
the technology is structurally and economically

viable.

Introduction

The research and development program for Stress
laminated timber (SLT) bridge decks commenced at
the University of Technology, Sydney in early 1990
and has focused on a technology transfer of the
current state of the art from overseas into an
Australian context. The purpose of this testing

program has been to develop an “engineered system”
for both new and replacement bridge decks to the
AUSTROADS and Standards Australia design codes,
for use by both state and local government authorities
in maintaining some 10000 timber bridges that are
known to be in service on the east coast of mainland

Austraia.

This program resulted in the first prototype hardwood
bridge spanning 9.6 metres, being constructed over
the Yarramundi Lagoon on Main Road 570 in
December of 1991.

Subsequent laboratory testing"and field monitoring
of prototype bridges, has now established SLT
technology in Australia. Design, construction and
maintenance  procedures  have now  been
documented, *culminating in the recent publication of
a limit states design code and commentary.’

However, it has been found both in Australia and
oversess, that the application of stress laminated
orthotropic plate decks are limited to bridges of up to
about 9m span (refer to Table 1). Approximately
60% of bridges in New South Wales exceed this span
limit and as such, a definite need exists to be able
construct spans in the 11m to 15m range, for the
rehabilitation and maintenance of the existing timber
bridge asset.

Similarly, in North America, the desirability of larger
spanning timber bridges has led to an extensive
research and development initiative, investigating
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Table 1 - Maximum Possible Spans for Plate decks

Type of timber used: Maximum Span: Maximum Span: Maximum Span:
(290x35mm laminates) for single span for double span for multiple span
bridge bridge bridge
softwood (F8) 6.8 - 7.0m 7.5m 8.5m
hardwood (F17) 7.0-72m 8.0m 9.0m
hardwood (F27) 8.0 -8.2m 9.0m 10.0m

NOTES:

1) softwood data based on F8 Radiata pine, using ingrade stiffness of 12200 MPa

2) all spans are assumed to be continuous over the supports

multiple span deck based on 5 spans, with the end spans 1m shorter than the 3 middle spans
the deflection limits for the above decks are span / 400 for T44LL and span / 350 for T44LL with DLA.

decks have been modelled using AUSTROADS T44 and HLP320 loads

3)

4)

5) using limits of span / 500 and span / 400 respectively for (4) would reduce spans in Table 1 by approx. 300 to 500mm
6)

aternative structural forms other than orthotropic
plates. An overview of some of these options, which
includes sedd wood composite decks and
prefabricated deck trusses, parallel cord trusses, “T”
beams, box beams and cellular decks, has been
reported by Taylor and Ritter.' The latter three of
these options are generaly referred to as “built-up”
timber sections.

Of these systems, the “T” beam and the cellular
bridge have particular interest for application in
Austrdia, as they utilise material which is readily
available from the timber industry and for which
reasonable quality assurance and reliability of
material properties is available,’ making the material
acceptable for use in timber bridge structures.

“Built-Up” Timber Bridge Decks

Built-up Sections

Experimental work investigating behaviour of “T”
beams (figure 1) and “box” beams has been
undertaken in the United States at the Forest Products
Laboratory in Madison, Wisconsin, and at the
University of West Virginia.°An alternative
structural form to the box is the timber cell, which
uses thinner, closer spaced webs (usually made from
LVL - laminated veneer lumber) with two
transversely laminated flanges, typically constructed
from sawn material of between 150 and 200mm in
nominal depth, as shown in figure 2.

Recent investigations (as a part of study tour by the
authors to North America in 1994), have indicated
that the “T’ beam form of this construction also has
considerable potentia for application in Australia.

“T" beam Decks
The first stressed “T” beam was introduced in West
Virginiain 1988 following an extensive research end
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development program, involving laboratory testing at
the University of West Virginia. This program
resulted in the construction of a 22.3 metre span
prototype near Charlestown, West Virginia, which
utilises 150mm x 1140mm LVL (laminated veneer
lumber) beams and 230mm deep decking.’

guiderail

glulam post

laminated deck
/_stressmg steel bar

B R TR
L] L] J _1\\/_1
glulam
beams

Figure 1 - General details
of “T" beam bridge deck

Subsequently, glulam beams were used in lieu of
LVL beams. The timber research program at the
University of West Virginia, has as one of its primary
aims, the promotion of local species hardwoods.
Details of the “T” beam deck are shown in figure 1.

Box Beam Bridge Decks

As apart of the Timber Bridge Initiative, the Forest
Products Laboratory (Madison) end the University of
West Virginia are also developing alow profile box
system using widely spaced thick web members with
spacings typicaly at about 1.2 metres. Several
prototype bridges have been constructed in the last
few years as a part of an extensive construction
program, involving some twenty new bridges in West
Virginia.




Cellular Timber Bridge Decks

The cellular concept received some preliminary
evauation by the Ontario Ministry for Transportation
in 1988, but the results of this preliminary research
were not published and the testing program for this
particular work did not proceed.

A prototype bridge based on this preliminary
research was constructed for the Ministry of Natural
Resources over the Chippewa River in 1993. This
bridge has a clear span of 25 metres and a single lane
width of 5.3 metres and has an overal depth of
1200mm. The deck consists of 38 x 184mm flange
laminates of sawn timber with 65 x 1200mm deep
LVL webs at approximately 500mm centres. The
bridge was essentially designed as a series of
plywood web beams which do not take into account
the shear and torsiona interactions of the cellular
form of construction.

Conceptua work on cellular decks as presented in
this paper was commenced by the authors in late
1991, as a response to the need to develop longer
spanning SLT bridge decks to meet Australian needs
for spans up to 12.2m. This work referenced the
research then being undertaken in the U.S. to develop
astructurally efficient form which could utilise both
sawn timber and LVL / glulam beams being
produced from softwood plantations in Australia.

The cellular deck, whilst similar in concept to the box
beam, essentially differs, in that it uses more closely
spaced and thinner web members, with the webs
typically being made from LVL in thickness' from
45 to 63mm and spaced at centres not exceeding
Soomm.

Details of the cellular concept developed by the
authors and tested at the University of Technology,
Sydney, are shown below in figure 2. The test decks
are full scale, single lane bridge decks, spanning up
to 12.2m (40ft). These are almost identical to the
prototype bridges which have been constructed
subsequent to the R & D work.

2961
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Figure 2 - Section detail of the UTS cellular
deck, utilising Radiata pine flanges and pine
LVL webs

Research And Development For
Cellular Decks

General Considerations

The first major research program into the structural
performance of cellular stress laminated timber
bridge decks is currently being undertaken by the
authors at UTS. Initial research in 1993 by Crews’
indicated that decks with cellular cross sections have
significant structural advantages provided the
stiffness of the flanges and webs are such as to enable
the balanced utilisation of their respective strength.
In cases where the stiffness of the web beams
precludes the effective utilisation of the strength of
the flanges a “T” beam form may be more

appropriate.

To calibrate analytical models and to determine
design parameters it is necessary to understand the
torsional and orthotropic flexural characteristics of
these structural systems. The testing program at UTS
has been tiered, to enable implementation of the
technology as soon as possible with a series of
prototype bridges, which will then be monitored
under field and in service conditions. The field
testing of prototype bridges will complement the
continuing  laboratory  based research and

development work.

Three full size cellular deck configurations and a
series of partial deck component cells have been
tested at UTS to date. This ‘proof testing’ of full size
decks has enabled the validation of the cellular
bridge concept and has enabled the construction of
several prototype bridgesin NSW to proceed.

The first cellular bridge deck tested in the laboratory
consisted of a 12.2 metre clear span with 140 x 35
hardwood laminates and 63 x 450 deep LVL webs.
Whilst preliminary analysis had indicated that the
design depth for this particular span should be
600mm, a depth of 450mm was adopted in order to
maximise the induced curvatures in the deck. The
underlying purpose of this was to quantify the
extreme performance characteristics of this particular
structural form.

The second series of laboratory tests involved testing
600 deep decks which were constructed of 63 x 600
LVL webs at 485mm spacings, with 190 x 35 treated
Radiata Pine flanges (as shown in figure 2). This
particular deck configuration was tested for
serviceability loading conditions with a span of 9.8
metres and for serviceability and ultimate limit
strength state loading conditions on a 12.2 metre

span.
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Objectives of the Research Program

The primary objectives of this research and
development program are to study the behaviour of
cellular stress laminated timber bridge decks and to
develop appropriate analytical models which
represent this behaviour within the service design
load range.

The program includes experimental work, analytical
modelling and interpretation of the data, and
calibration of the analytical models, concluding with
the formulation of appropriate design methodologies
for the application of this new technology.

The essential components of the project include the
following:

» Experimental investigation of serviceability and
ultimate limit states for the cellular stress
laminated timber deck system. These tests have
been completed for 3 full scale decks tested to
destruction  under  laboratory  conditions,
establishing  specific  structural behavioural
patterns for this technology.

» ldentifying the various limit states for the
components, e.g. longitudinal shear, interlaminate
dlip and identification of the limit states for the
particular structural systems.

» Deflection serviceability limits for structural
components such as the flange laminates, webs
and stressing bars.

» Stability and strength limits for the component
cells and then for the structural system as a
whole.

Scope
The global issues being addressed within the scope of
this project include:

» Characterizing material properties.

» Experimental investigation of single cell
behaviour such as shear lag effects and strain
distributions within a cell and relationship to
multi-cell behaviour, based on full scale testing.

e Characterizing the structural behaviour of
individual cells up to service load limit stage.

» Theoretical and analytical investigations into the
effect of geometric parameters such as centre to
centre spacing of webs, aspect ratio of the cell i.e.
breadth to depth ratio, based on the characteristics
ofa‘typical cell’.

e Analytical investigation of the influence of

geometric parameters on the structural behaviour
of cells.

» The effects of changing prestress levels.

» Descriptive reporting of web behaviour within a

cell, e.g. load distribution width for cells, effects
of load distribution before and after web failure.

» |dentification of load transfer mechanisms and

contributions of the web to structural response of
the cell before and after web failure occurs.

» Dynamic responses and long-term cyclic load

effects i.e. the effects of sustained and repeated
loads on serviceabhility and the effect of duration
of load on strength, taking account of

discontinuities and “shakedown” effects.

Results of Full Scale Tests
At the time of writing, the tests completed or
currently underway for the cellular stress decks are:

» Full scale tests (both serviceability and ultimate
limit state destructive) on 2 single lane cellular
decks spanning 12.2m, with depths of 450mm
and 600mm.

» Full scale tests (both serviceability and ultimate
limit state non-destructive) on 1 single lane
cellular deck spanning 9.8m, with a depth of
600mm.

» Serviceability and ultimate limit state non-

destructive tests on single component cells,

spanning 9.8m with depths of 600mm, 900mm
and 1200mm.

Cyclic T44 serviceability loading of single

component cells, spanning 9.8m with a depth of

600mm.

» Testing of deck segments to quantify slip
behaviour at web to flange interfaces, between
flange laminates and around / at butt joints.

The full scale flexural tests and the proof load shear
tests give an indication as to overall structura
response of this cellular system in an empirical sense,
but do not in themselves permit a clear understanding
of the fundamental behaviour.

In order to quantify the latter, component testing of
individual cell and various deck segments
commenced in May 1995 and is due for completion
in August 1996.
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Figure 3 - Cross section deflection profiles - 12.2m span deck with 2 point loads of 540 kN,

1200mm apart and symmetrical about midspan

Basic Load Response

Whilst there was a need to undertake tests of lateral
and torsiona stiffness on the plate decks, the tests
undertaken on the full scale single lane cellular
bridge decks constructed at UTS, indicate that |oad
eccentricity does not form a major problem for the
structural deck system.

The load response behaviour of a cellular deck in the
linear elastic range (and even into the non-linear
range) is much more akin to that of a wide beam,
rather than the orthotropic plate behaviour of the
plate decks. Thisisillustrated in figure 3 below.

In applying the various loading conditions on the
cellular decks at UTS, a number of loading scenarios
have been modelled including both two point and
four point loading in order to effectively model the
bending moment envelopes induced by T44 and
HLP320 vehicles for both the serviceability limit
states and the ultimate limit states, as defined in the
AUSTROADS Bridge Design Code 1992.

Serviceability load testing was undertaken at a
variety of prestresslevels, (1000, 700, and 550 kPa)
whilst testing to failure loads was undertaken with a
prestress of 700 kPa. For the 600mm deep decks, the
design ultimate limit state loading (HLP320) was
satisfied at a load level well below the actua
“failure” load capacity of the deck.

Additional testing has also been undertaken on short
span segments of the cellular decks to quantify
punching shear responses and to apply ULS proof
shear loads, to ensure that shear capacity of the decks
are adequate to meet the AUSTROADS design
standards.

Ultimate Load Capacity - Flexure

As indicated above, the first hardwood deck tested in
the laboratory, had intentionally used a very small
depth to span ratio to induce significant curvature
and facilitate the development of clearly defined limit
states and to enable the determination of the ultimate
load carrying capacity. Because such testing had not
been previously undertaken, the failure mechanism
and ultimate load carrying capacity were not readily
predictable.

The shakedown failure modes were also unknown.
The normal design depth for this 12.2 metre span
would have been 600mm rather than the 450mm as
tested. One interesting phenomenon, which was
noted during the tests was the fact that even when all
the LVL webs had fractured in flexure, the deck still
retained significant load carrying capacity (still
carrying 580 kN per wheel path), abeit with very
large deflections.

Only one of the hardwood flange laminates exhibited
any signs of failure, although interlaminate slip was
noticeable at some butt joints, at the higher load
levels.
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Figure 4 - Load vs. Deflection plots for a 12.2m span Cellular deck (pine flanges, 600mm deep)

Even at this reduced depth, the hardwood cellular
deck had an ultimate bending moment capacity of
1622 kNm, which was considerably greater than the
1000 KNm required to meet the T44 ULS for a single
wheel path. However, it fell dlightly short of the
HLP320 wheel path loading, which required aULS
moment capacity of 1740 kNm. The hardwood deck
had no problems meeting the AUSTROADS shear
load requirements for both T44 and HLP loading.

The tests on the Radiata Pine decks were commenced
some six months after completion of the hardwood
tests. This enabled certain refinements to be made
and the authors had more specific expectations as to
the likely performance of the cellular system.
Summary results for the 9.8 metre span and 12.2
metre span pine decks are presented in Table 2.

Table 2 - Summary of ULS Tests on Cellular
Decks (under flexure)

Deck actual Design Design

Type: ultimate T44 HLP320
BM ULS BM ULS BM
(KNm) (kNm) (KNm)

12.2m

hardwood 1622 1000 1740

(450mm)

12.2m

softwood 3000 1000 1740

(600mm)

Two points of importance should be noted. Firstly, at
the “design depth” of 600mm the essentia load
deflection response is linear up to the HLP320 ULS

requirement, as is seen in figure 4. Secondly, the
ultimate load capacity of these decks was
significantly in excess of (70% above) the design
requirement for the HLP320 ULS.

Observed Failure Mechanisms

The failure mechanisms on these particular decks are
quite interesting. From the tests and from readings
taken at butt joints using highly sensitive LVDT’s, it
appears that the load distribution mechanism which
occurs, is one of horizontal dlip of the laminates,
particularly at the interface with the LVL webs.

The observed responses show that the theoretical
outer fibre stresses in the flange material were well in
excess of the fifth percentile MORs for the pine
laminates. Interestingly no failures were observed to
occur in any of the laminates, both during and then
after the test in a post mortem of the deck.

The failures which did occur were essentially
localised tensile failures in the lower tensile region of
the two LVL webs which failed. The load sharing
mechanism is fascinating. It appears that the cellular
system continues to take increasing load until such
point as the horizontal shear overcomes the frictional
resistance induced by the prestressing forces between
the flanges and the web elements. When this occurs
microslipping appears to occur resulting in
significant load redistribution, and a settling in of the
flanges with the webs.

Ultimately however, the “distribution width”
converges, resulting in extreme stress concentrations
in the outer fibres of the central (under load



application points) LVL webs, which in turn
ultimately led to minor compression and then tensile
bending failures in the lower tensile region of the
LVL webs.

Post Critical Behaviour

As can be clearly seen from figure 4, the system
behaviour of a stress laminated timber cellular deck
is non linear in the lead up to ultimate flexura
capacity and over the entire loading range exhibits
marked ductility. When failure finally occurred the
extent of wood damage was highly localised at
midspan in the LVL webs, immediately under the
load application points.

However, despite the fact that the principle elements
had failed and discontinuity existed at midspan,
significant load carrying capacity still existed in the
deck well in excess of the design ULS reguirements,
specified by the AUSTROADS Bridge Design Code.

Thiswas verified by post failure testing of the deck,
which was observed to produce essentially the same
linear load response up to the AUSTROADS design
ULS loads despite the fact that web failure had
occurred.  This highlights the extraordinary load
sharing characteristics of this particular structural
system whilst providing excellent serviceability
stiffness characteristics to minimise deflections.

Current Status Of R & D

Component Testing

Research being undertaken at the time of writing
involves testing on individual component cells as
shown in figure 5, with depths of 600mm, 900mm
and 1200mm and prestress levels of 1200, 1000, 700,
and 500 kPa. Additional load tests have been
undertaken on the 600mm deck for prestress levels of
300 kPa (static loads) and 500 kPa cyclic load tests.
These series of tests not only characterise the
material and component system behaviour for
bending, shear, and torsion, but also focus on
quantifying the slip interaction mechanism between
web and flange laminates.

This slip mechanism is believed to be the critica
limiting factor for effective serviceability structural
performance and the cause non-linearity at high load
levels for cellular sections. The same slip mechanism
is believed to be the governing factor for the “T”
beam bridges currently in use in North Americaand a
series of “T” beam tests is also planned as a part of
the current R&D program at UTS.

The component test cells (as shown in figure 5) have
been manufactured using flange laminates which
have been finger jointed to avoid the inclusion of butt

joints, which were included in the full scale, single
lane deck tests.

|

63mm LVL web:

20/ 35mm flanges

Figure 5 - Typical Section of cell component
beam used in Component Tests. Arrows
indicate positions of vertical deflection
measurements

This form of construction has been incorporated to
deliberately remove the discontinuity effects of the
butt joints and to directly relate slippage to the
release of strain energy in the deck.

Discussion of Preliminary Results

Analysis of the results will continue until at least the
end of 1996. Initia results from the 600mm deep
deck indicate that a strong correlation exists between
web to flange (horizontal) slip, the commencement of
non-linear load deflection behaviour and the onset of
any permanent deflection in the deck (vertical dlip)
after removal of the loads. This is illustrated for a
600mm deck at 700 kPain figures6 & 7.

The prestress level has a marked effect on the
“stiffness’ of the deck and the commencement of the
dlip mechanisms discussed above. On the basis of the
preliminary analysis of data obtained from the
component tests, it is strongly recommended that the
prestress pressure in cellular decks should not be
alowed to fall below 700 kPa, with an absolute lower
bound level of 500 kPa. Below 500 kPa the structural
behaviour of the deck changes markedly, both in
terms of stiffness and ultimate strength.

A linear elastic finite element model has been
developed as the major part of a student research
project supervised by and with significant input from
the authors. This model is being calibrated with test
data from the full scale laboratory tests and forms the
first stage of development of a more comprehensive
analytical model (incorporating the slip mechanism)
which will be undertaken as the component testing is
completed.
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mid span deflection vs load (700 kPa/ centre loading)
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Figure 8 - Strain vs. Load charts for laminates and webs in the critical moment zone.

The system behaviour of a cellular deck in the post
design ULS loading range is essentially non-linear as
aresult of interlaminate dlip, despite the fact that at
these load levels the material behaviour is still
essentially linear elastic (certainly up to the design
ULS load level). This latter phenomenon is
confined by strain gauging of laminates in the
critical moment zones of the deck, results of which
are presented in figure 8.

Implementation Of The Technology

To date four prototype bridges utilising the cellular
timber technology have been constructed in Australia
since 1994, details of which have been presented
elsewhere. " The most recent of these structures has
been shown to be very cost effective, despite the fact
that the cellular technology is being currently used at
the lower end of its potential span capacity. Two of
these bridges (designed by Crews) have won
Engineering Excellence awards from the Institute of
Municipal Engineersin 1995 and 1996. In all cases,
the decks span up to 12m and are based on the
600mm deep prototype decks developed and
subjected to full scale laboratory testing at UTS.

In two cases cellular decks have been used to
rehabilitate existing reinforced concrete bridge decks
(at Lansdowne and Ashlea on the mid north coast of
NSW) which had deteriorated to the extent that
bridge replacement was required. Both sites had
decks of almost identical design and age, except the
one at Lansdowne had only 4 spans (each about
11.5m), whilst the Ashlea bridge has seven spans,
with an overall length of 85 metres. A schematic

cross section of the rehabilitation solution is shown
below infigure 9.
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Figure 9 - Typical Cross Section - Cellular
Deck overlay over existing concrete decks.

The cellular deck overlay used to upgrade the Ashlea
bridge is ailmost identical to the one at Lansdowne,
except that with hindsight on the first bridge some
minor design refinements have been included and the
decks bear on composite timber beams rather than
poured insitu concrete. The cellular decks were
prefabricated in a council depot about 25 km from
the bridge and transported to site The total road
closure time was 3.5 weeks and final cost of the total
deck rehabilitation is expected to be about $450,000
or about 20% of the cost of the replacement structure.

Conclusions

Stress laminated cellular bridge decks constructed
from Australian hardwoods and plantation grown
softwoods have been shown to respond linearly to
short-term static loading within the serviceability and
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strength limit state load ranges specified by the
AUSTROADS Bridge Design Code 1992.

The transverse flexural-torsional stiffness of the
cellular decks provided effective distribution of
internal actions. All the decks tested exhibited
considerable ductility when subjected to a range of
loads substantially greater than the design service
|oads.

After extensive web failures at ultimate loads all
three decks tested retained the capacity to carry the
design service loads with only dlightly increased
deflections.

Component testing of cellular beams has identified
various mechanisms and it is expected that analysis
of the results from these tests will quantify critical
design and limit states performance parameters. It is
believed that these results will have application for
“T" beam SLT decks and a program of full scale
testing of a partial “T” beam deck will be used to
validate the applicability of the slip models. This will
also be linked with the results from deck segment
tests (smaller specimens) aimed at quantifying shear
flow around butt joint discontinuities.

Funding which has been recently made available
through an Australian Research Council Grant and
industry sources, will further extend this technology
through the component testing, currently being
undertaken at the University of Technology, Sydney.
It is anticipated that the major testing program will be
completed by the end of 1996, with results available
by the end of 1997.

It is anticipated that the results of this testing will
quantify the shear flow and slip mechanisms in
“Built-Up” decks and permit the development of
rational design procedures for cellular and “T” beam
stress laminated timber bridge decks spanning up to
30m.
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Pole Creek Metal-Plate-Connected Truss Bridge

Michael H. Triche, Civil and Environmental Engineering, University of Alabama
Michael A. Ritter, Forest Products Laboratory, USDA Forest Service

Abstract

This paper summarizes the performance of the Pole
Creek metal-plate-connected wood truss bridge con-
structed in the Fall of 1992 in rural Tuscaloosa
County, Alabama. This two-lane bridge consists of two
simple spans. Span 1 is a bolt-laminated transverse
deck supported by multitruss girders; span 2 is a stress-
laminated truss system. A monitoring program on the
Pole Creek bridge, initiated shortly after construction,
has provided information on seasonal variations in
lumber moisture content, stressing bar force, static-load
test behavior, and overall condition, After 3 years, the
monitoring program indicates that the Pole Creek
bridge is performing adequately with no structural
deficiencies.

Keywords:  Metal-plate-connected trusses,  stress
laminated, bridge testing

Introduction

In 1988, the U.S. Congress passed legislation known
as the Timber Bridge Initiative (TBI). The objective of
this legidation was to establish a National program
that provided effective and efficient utilization of wood
as a structural material for highway bridges. The USDA
Forest Service was assigned responsibility for the
development, implementation, and administration of
the TBI. The three primary program areas established

by the Forest Service are demonstration bridges,
technology transfer, and research.

In 1992, as part of the demonstration bridge program, a
metal-plate-connected (MPC) wood truss bridge was
designed and constructed on Old Fayette Road in Tus-
caoosa County, Alabama. The bridge crosses Pole
Creek, approximately 16 km (10 miles) north of the
city of Tuscaloosa. Traffic consists of passenger vehi-
cles and heavy trucks with an estimated average daily
traffic of approximately 100 vehicles.

Background

In many areas, the local timber supply is limited to
relatively small-diameter trees that can produce struc-
tural lumber of limited dimensions. The wide lumber
required for solid-sawn longitudinal decks is often avail-
able only at a premium price. Thus, design options that
allow for smaller lumber sizes can potentialy improve
bridge economy and utilization of the forest resource.

The Pole Creek bridge is an innovative use of MPC
wood trusses, and we believe this bridge is the first
application of such components in roadway bridges.
The bridge is 12.2 m (40 ft) long with a 8.5-m (28-ft)
curb-to-curb width. It has two 6.1-m (20-ft) spans, and
structural elements are MPC wood trusses fabricated
from nominal 50- by 100-mm (2- by 4-in.) and 50- by
150-mm (2- by 6-in.) Southern Pine lumber treated

49



SPAN 1
Figure 1—Cross-sections of bridge spans.

with chromated copper arsenate (CCA) wood preserva-
tive. Span 1 utilizes a bolt-laminated transverse timber
deck over multitruss girders; span 2 consists of stress-
laminated trusses that form the deck and transfer loads
to the substructure (Fig. 1).

The Pole Creek bridge was designed for standard
HS20-44 truck loading, based on load provisions of the
American Association of State Highway and Transpor-
tation Officials (AASHTO), Standard Specifications for
Highway Bridges (AASHTO 1992). Because bridge
design using MPC trusses is not specifically addressed
by AASHTO, conservative assumptions were made
regarding the distribution of wheel loads. For the girder
span, wheel loads were assumed to be distributed
according to the provisions for nail-laminated decks on
timber stringers. The stress-laminated trusses were de-
signed assuming that the wheel load was not distributed
beyond the tire width.

The individual trusses were designed using provisions
of the Truss Plate Institute Design Specification (TP
1985). A series of designs was completed, with the
appropriate fraction of the wheel loads located at differ-
ent locations along the bridge, in order to find the
maximum wood stresses and joint forces. The final
truss design used the largest plates and lumber sizes
required for wheel loads positioned at any location on
the bridge.

The design for the Pole Creek bridge is experimental,
and the information gained from monitoring this bridge
and similar bridges (Dagher and others 1995) should
lead to improvements in future bridges of this type.
This will, in turn, lead to the development of design
specifications for consideration by AASHTO.
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This paper summarizes the field performance of the
Pole Creek bridge after 4 years of service. Compete
details on the development, design, construction, and
cost of this bridge will be presented in a document pub-
lished by the USDA Forest Service, Forest Products
Laboratory (FPL).

Research Methods

A 3-year monitoring plan was established to evaluate
the field performance of the Pole Creek bridge. In
December 1992, approximately 2 months after the
bridge was constructed, it was load tested and load cells
were installed on three of the seven stressing bars.
Since that time, visits to the bridge have been made at
least once a month to measure stressing bar force,
obtain moisture content readings, and perform visual
inspections. The monitoring program concluded with a
second load test that was conducted in June 1996.

Bar Force

For the stress-laminated span, calibrated load cells were
installed between the anchorage and bearing plates on
three of the seven stressing bars (Ritter and others
1991). The stressing bars are 15.88 mm (5/8 in.) in
diameter and have high strength steel bars with an al-
lowable load of 129.0 kN (29,000 Ib). As part of the
construction process, the bars were tensioned four times
during the 2 months prior to the installation of the load
cells. Load cell readings were taken monthly with a
portable strain indicator.

Moisture Content

Moisture content readings were taken using an electrical
resistance meter at 10 locations. These locations were
distributed throughout the bridge and included the
trusses on either edge of the bridge, the bottom chord of
the trusses beneath the bridge, and the bridge deck of
the girder span.

Load Testing

The first static-load test of the Pole Creek bridge was
completed in December 1992, and is reported elsewhere
(Triche and others 1994, Triche and Ritter 1996). The
second static-load test was conducted June 10, 1996,
approximately 3.5 years after bridge construction. The
testing consisted of positioning fully loaded trucks on
each of the spans and measuring the resulting deflec-
tions at a series of transverse locations at midspan.
Measurements of bridge deflections were taken prior to
testing (unloaded), for each load case (loaded), and at the
conclusion of testing (unloaded). At the time of load
testing, the average bar force was approximately
53.4 kN (12,000 Ib). This bar force produces 275.8 kPa
(40 1b/in®) of transverse compression, which is the



136.3kN 136.3kN 85.5 kN
(30,650 Ib) (30,650 Ib) (19,220 i)
GVW =358.2 kN
{80,520 Ib)
1.28m 482m
(4.21 ft) (15.83 ft)
Truck 126
123.3kN 123.3kN 85.0 kN
(27,730 Ib) (27,730 Ib) (19,120 Ib)
GVW =331.7kN
(74,580 Ib)
1.28 m 4.82m
4.21 ft) (15.83 ft)
Truck 132

Figure 2—Load test truck configurations and axle
loads. The track width of each truck was 1.83 m
(6 ft), measured center-to-center of rear tires.

minimum level of prestress recommended for stress-
laminated deck bridges in service (Ritter 1990).

Load test vehicles consisted of two fully loaded dump
trucks: truck 126 with a gross vehicle weight (GVW)
of 358.2 kN (80,520 Ib) and truck 132 with a GVW of
331.7 kN (74,580 Ib) (Fig. 2). The vehicles were posi-
tioned longitudinally on each span so that the two rear
axles were centered at midspan and the front axles were
off the bridge. For the stress-laminated and girder spans,
the vehicles faced west and east, respectively. Trans-
versely, the vehicles were placed for six load cases
(Fig. 3). For load cases 1, 2, and 3, the vehicles were
placed at the center of the bridge width, with the inside
wheel lines 610 mm (2 ft) from centerline. For load
cases 4, 5, and 6, the vehicles were placed at the edges
of the bridge, with the inside wheel lines 1.83 m (6 ft)
from centerline. Deflection measurements from an un-
loaded to loaded condition were obtained by placing
calibrated rules on the underside of the deck and reading
values with a surveyor’s level to the nearest 0.2 mm
(0.01in.).

Results and Discussion

This paper presents selected results of the monitoring
program. These include bar force, moisture content,
condition assessment, and load test behavior. Compre-
hensive analyses of the performance and load testing of
the Pole Creek bridge will be published at a later date.
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Figure 3—Load test transverse positions (looking
east). For all load cases, the rear truck axles were
centered at midspan and the front axles were off
the bridge.

Bar Force

Figure 4 shows the bar force compared with time after
the fourth bar tensioning. Cell 136 measures the force
in the bar located at midspan, and cells 135 and 137 are
located on the bars adjacent to the midspan bar.
Approximately 5 months after the load cells were
installed, the stress was removed from the bars, a new
load cell zero balance was obtained, and the bars were
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Figure 4—Average trend in bar tension force.

retensioned. This was the fifth bar tensioning and is the
reason for the sharp increase in bar force between
January and August 1993. Since that retensioning, the
bar force has continued to decrease but at a much slower
rate. As aresult, a sixth bar retensioning (not shown in
Fig. 4) was performed in June 1996, shortly before the
second load test.

The significant and continued loss in bar force is not
typical of stress-laminated deck bridges. The lossin bar
force for these stress-laminated trusses is primarily the
result of two factors. (1) gaps between the trusses
caused by nails used to fasten the individual trusses into
bundles for handling purposes and (2) small gaps under
individual metal-connector plates that were gradualy
reduced under the transverse stress.

Moisture Content

During the monitoring period, unadjusted moisture
content readings ranged from 16%-27%. These values
converted to an approximate range of 13%—24% when
adjustments for temperature and CCA treatment effects
were considered. Moisture content readings were cali-
brated to ovendry samples and, according to these data,
meter readings averaged about 3% greater than those
determined by the ovendry method.

Figure 5 shows the variation in moisture content over
time for a single location on the underside of the stress-
laminated span. The initial moisture content of the
lumber was approximately 12% and has gradually in-
creased to an average of approximately 18%. In 1995,
Alabama experienced an unusualy hot and dry spring
and early summer. During this period, the moisture
content decreased to approximately 13%. Since that

52

Oct95
May-96

26

Y R— - N L]
22

201

Percent Moisture Content

12+ T T T T T T T T T T
Jan-93 Aug-93 Mar-94 Sep-94 Apr-95 Oct-85
May-93 Nov-93 Jun-94 Jan-95 Jul-g5 Feb-96
Date

Figure 5—Seasonal variations in moisture content
from measurements taken on the underside of the
stress-laminated span.

time, the moisture content has increased and is cur-
rently near the 18% average. Referring to Figure 4,
there was also an increase in bar force loss during the
hot and dry period; bar force began to stabilize for the
last two readings as moisture content increased.

Load Test Behavior

Results for the second load test of the stress-laminated
and girder spans follow. In each case, transverse deflec-
tion plots are shown at the bridge midspan as viewed
from the west side (looking east). For each load test, no
permanent residual deformation was measured at the
conclusion of the testing. In additional, there was no
detectable movement at the supports.

Stress-Laminated Span— Transverse deflections
for the stress-laminated span are shown in Figure 6. As
shown, the deflection profiles are approximately sym-
metric for corresponding load cases. For load cases
1 and 2, the maximum measured deflections occurred
under the outside wheel lines and measured 2.0 mm
(0.08in.) for load case 1 and 2.2 mm (0.09 in.) for load
case 2. For load case 3, with both vehicles on the span
in the same relative positions, the maximum measured
deflection of 2.5 mm (0.10 in.) occurred under the in-
side wheel line of truck 126. Maximum deflections for
load cases 3 and 4 were measured under or adjacent to
the outside wheel line and were 3.6 mm (0.14 in.) for
load case 4 and 2.7 mm (0.11 in.) for load case 5. For
load case 6, the maximum deflection was the same as
load case 4 and measured 3.6 mm (0.14 in.) under the
outside wheel line of truck 126.

Assuming linear elastic behavior, uniform materia
properties, and accurate load test methodology, the sum
of the bridge deflections for the individual vehicles
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should be the same as the deflections for both vehicles
placed simultaneously. Using superposition, the meas-
ured deflections for load cases 1 and 2 compared with
load case 3 and load cases 4 and 5 compared with load
case 6 are given in Figure 7. As shown, the deflections
are virtually identical, with only dlight differences
along the edges of the bridge for load case 6.

Truss Girder Span— Transverse deflections for the
truss girder are shown in Figure 8. As with the stress-
laminated span, the deflection profiles are approxi-
mately symmetric for corresponding load cases. For
load cases 1 and 2, the maximum measured deflections
occurred in the girder near the outside wheel line and
measured 4.7 mm (0.19 in.) for load case 1 and 5.0 mm
(0.20 in.) for load case 2. For load case 3, with both
vehicles on the span, the maximum measured deflection
of 5.6 mm (0.22 in.) occurred near the inside wheel line
of truck 126. Maximum deflections for load cases 3
and 4 were measured at the outside girder and measured
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8.4 mm (0.33 in.) for load case 4 and 6.0 mm
(0.26 in.) for load case 5. For load case 6, the maxi-
mum deflection measured 8.6 mm (0.34 in.) at the out-
side girder near truck 126.

Measured deflections for load cases 1 and 2 compared
with load case 3 and load cases 4 and 5 compared with
load case 6 are shown in Figure 9. As with the stress-
laminated span, the deflections are nearly identical.

Load Test Comparison

In comparing the load test results for the stress-
laminated span and the truss girder span, it is evident
that the maximum deflections for the stress-laminated
span are approximately half those measured on the truss
girder span. This response was expected because there
are substantially more trusses in the stress-laminated
span and the longitudinal stiffness is greater. The plots
also indicate that the deflections are much more local-
ized for the stress-laminated span and there is a signifi-
cant increase in deflection along the edges of the bridge
for the truss girder span. Again, this was expected due
to the difference in the relative transverse stiffness of
the two spans. For the stress-laminated span, transverse
stiffness results from the effects of stress laminating.
For the truss girder span, transverse stiffness is a func-
tion of the stiffness of the nominal 150-mm (6-in.)
bolt-laminated deck, and the transverse stiffnessis con-
siderably less than that of the stress-laminated span.

Condition Assessment

The general condition of the Pole Creek bridge was
assessed at the time of installation and approximately
every 3 months thereafter. These assessments involved
visual inspections, bridge and component measure-
ments, and photographic documentation, specifically
the condition of the asphalt wearing surface, stressing
bars and anchorage systems, and the metal-connector
plates. Visual inspections revealed only a few minor
deficiencies.

Cracks in the asphalt wearing surface were common on
the girder span. This span utilized a bolt-laminated
deck, and movement, both within and between panels
as a result of vehicle loading, caused reflective cracking.
The wearing surface for the stress-laminated span,
which experienced the same vehicle loading, showed no
cracking.

Regarding suitability of MPC trusses for components
of a stress-laminated bridge system, several problems
are apparent. Most of these are due to the use of a
crowned pile cap. When the bridge was placed on the
crowned abutment, the bottom of the trusses followed
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the slope of the abutment cap. When the bars were ten-
sioned, the trusses became horizontal and the trusses
along the edge of the bridge lifted above the cap. Modi-
fied design details, including the use of a flat pile cap
and modified stressing bar positioning, could eliminate
these problems in future bridges. There are also some
instances of local crushing of the lumber under the
bearing plates at the stressing bar anchorages.

No instance of corrosion on the metal-connector plates
was detected. Corrosion was addressed in the design by
using a galvanized coating and providing an imperme-
able membrane above the trusses. To date, this design
decision seems to be adequate in preventing corrosion
in this environment.
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Concluding Remarks

The innovative MPC Pole Creek wood truss bridge has
been in service for approximately 4 years. Bar force
loss on the stress-laminated span was substantial at the
beginning of the monitoring period but has remained
relatively stable for the past 2 years. The bolt-laminated
deck used for the girder span resulted in extensive crack-
ing on the wearing surface. Results of this study indi-
cate that this type of deck is not suitable for bridge
decks intended to have asphalt wearing surfaces. The
use of aglulam panelized deck would greatly reduce the
cracking problem on the wearing surface.

Aside from the relatively minor deficiencies previously
noted, both spans are performing well. However, the
simplicity of the girder span makes it an attractive a-
ternative. The girder span system eliminates the need
for stressing bars and the associated maintenance re-
quired to restress the bars periodically. It more closely
resembles traditional bridge systems, and the girder
span is easier and less costly to design and construct.
With an aternative deck design, this system has imme-
diate potential for widespread usage.

Further investigation of the stress-laminated span is
needed to determine the required positioning of stressing
bars to prevent unequal compression between the top
and bottom chords of the truss that cause out-of-plane
bending. The requirement for periodic bar tensioning is
a disadvantage of this system.
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Rehabilitating Historic Timber Transportation
Structures At Burnt Cabins Grist Mill,

Burnt Cabins, Pennsylvania

William J. Collins, Registered Landscape Architect, Principal
Simone And Jaffe Incorporated, Landscape Architecture,

Berwyn, Pennsylvania

Abstract

Burnt Cabins Grist Mill is an operating, water-
powered grist mill on Little Aughwick Creek in
Fulton County, Pennsylvania. The mill and ten acres
of the privately owned site are listed on the National
Register of Historic Places. Two heritage timber
transportation structures were redesigned to combine
traditional timber construction techniques with
modern materials, treatment and construction
methods, including:

1. a timber mill race flume; and
2. atimber weigh station canopy and timber scale
bed.

The project was partially funded by the USDA Forest
Service Rural Development Program.

Keywords: Burnt Cabins Grist Mill, National Historic
Register Site, Fulton County, USDA Forest Service,
Southwestern Pennsylvania Heritage Preservation

Commission, Mill Race

History

The Village of Burnt Cabins enjoys a colorful
transportation history, in which the historic mill site
plays a significant part. Burnt Cabins Grist Mill is
located in a narrow pass on the western side of
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Tuscarora Mountain, approximately three miles from
the Pennsylvania Turnpike Tuscarora Tunnel. The
Tuscarora ridge, and the pass through Burnt Cabins,
were major Native American thoroughfares. European
migration is first documented through Burnt Cabins
by Scottish-Irish immigrants traveling west from
Maryland.

Originally called Sidneysville, the name Burnt Cabins
comes from timber structures which early settlers had
built upon land not yet purchased from the natives. In
1750, the provisional governor ordered that these
cabins be burned in an attempt to appease the natives
and prevent bloodshed. White settlers soon returned.

PENNSYLVANIA
NJ

AIHP REGION

OH

Figure 1 - Location Map



Figure 2 - Burnt Cabins Grist Mill, West Elevation, 1995 (Note: scale bed at lower left.)

During the French and Indian War, the British
General John Forbes constructed his military road
over Tuscarora Mountain and through Burnt Cabins.
He erected Fort Littleton (now a turnpike exit) five
miles to the west. Tax records indicate that the first
grist mill at Burnt Cabins was operating by 1770.
Ruins of that first mill still remain to the east of the
existing mill, which was built in 1840.

“Vanderbuilt’s Folly,” the historic South Penn
Railroad, was to be aligned directly across the Burnt
Cabins Grist Mill site. The railroad grade was
completed to the west side of the Little Aughwick, but
the stream culvert was never constructed, nor was the
grade constructed at the mill site. This railroad right-
of-way was purchased and partially used by the
Pennsylvania Turnpike Commission, which opened
“America’s. First Superhighway” in 1940.

The new turnpike alignment bisected the grist mill
site, isolating the mill pond from the mill, except for a
culverted mill race under the raised highway
alignment. The final turnpike alignment miraculously
spared the mill and most of the village from an earlier

plan to locate an interchange at the mill site. The
section of Forbes Road through the mill site was
rerouted as Allens Valley Road, a state highway, and
cut between the mill race and mountainside to pass
under the turnpike.

Recent Development

Today, Burnt Cabins Grist Mill has been identified as
a “Heritage Gateway” into Fulton County and the
southwestern Pennsylvania region. It is located along
Route 522, on a portion of an auto tour route through
nine counties in southwestern Pennsylvania called the
“Path of Progress’” by the federal Southwestern
Pennsylvania Heritage Preservation Commission
(SPHPC.)

In 1994, SPHPC funded a master plan for the heritage
preservation and economic development of Burnt
Cabins Grist Mill. Over the twenty five years prior to
this master plan study, owners Jack and Sonja
Blattenberger had restored the mill and developed a
successful gourmet mill products business. However,
due to costs of historic reconstruction, many other
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Figure 3 - Eastern Elevation showing Existing Mill Race, Head Wall and Trash Screen.

parts of the heritage site required attention beyond the
capabilities of a single owner.

Simone and Jaffe Incorporated (SJ) developed the
master plan which recommended physical and
interpretive improvements throughout the site. The
recommendations were based on a financial strategy
developed by E.L. Crow Inc. of Lafayette Hill, PA.
Priority was given to improvements that would
increase tourism and the sale of mill products.
Improvements identified as high priority included the
reconstruction of two historic transportation

structures:

1. a timber mill race flume; and
2. a timber weigh station canopy and scale bed

In 1995, the Burnt Cabins Grist Mill was awarded a
grant from the USDA Forest Service Rural
Development program through its community partner,
the Burnt Cabins Civic Association, to design and
reconstruct the existing timber flume; and the missing
timber weigh station canopy and scale bed. Also in
1995, the Grist Mill was awarded a SPHPC grant for
site improvements; a historic structures report for an
on-site log cabin; and a site-wide interpretive plan.
The Owners are ingtituting these improvements as
part of a coordinated program to increase tourism in
Fulton County. The working grist mill will be one of
the premier heritage destinations for regional visitors.
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General Description - Timber Reconstruction

Timber Mill Race Flume - A 40-foot flume which
transports water between an earthen mill race and the
waterwheel inside the mill was failing and required
replacement. The rehabilitation plan included utilizing
traditional timber joinery combined with modern
techniques and preservation treatment. Reconstruction
is scheduled for the Summer of 1996.

Timber Weigh Station Canopy / Scale Bed
Originally, the weigh station was used to weigh the
grain transport wagons for calculating quantities. The
new weigh station will serve as a visitor orientation
and interpretive feature. The original refurbished scale
will be used to weigh visiting groups en masse, as a
practical demonstration of historic technology. The
canopy will provide shelter for these activities.
Reconstruction of the weigh station is scheduled for
September, 1996.

The origina 12' X 22' weigh station is documented
in one early photograph. The new weigh station
canopy was designed to match the original scale, roof
angles and facade. The new canopy structure will also
incorporate mortise and tenon joinery - similar to the
timber details in the grist mill. Several simple timber
construction techniques were designed to protect the
canopy against deterioration of exterior timber,
without the use of preservatives.



g

Figure 4 - Existing Timber Flume, Pedestrian Bridge, and Trash Screen.

The existing timber scale bed was designed to be
replaced with treated timber.

1. Timber Mill Race Technical Details

This water transportation structure was constructed
between a concrete headwall of the earthen mill race
and the stone mill foundation. The timber flume was
originally set into an earthen embankment, almost
entirely below grade - except for the tops of the posts
and headers, and the side of several bays on the
downhill side near the waste gate.

Original Construction

The existing timber mill race flume was
approximately 40 feet long by 48 inches deep by 48
inches wide on the inside. The flume was framed by a
series of rectangle bents which consisted of a sill, two
posts, and a header. The bents were traditionally
constructed with mortise and tenon joinery and
fastened with tapered wooden pins. By Summer of
1995, about half of the original timber bents had been
temporarily repaired with pressure treated Yellow
Pine.

Flume Bents - The new bents were redesigned to be
very similar to the original structure. All joinery was
designed to alow drainage. All joinery and pre-
drilling was specified to be performed prior to
preservative treatment to prevent perforation of the
protective treatment shell. Shaved white oak timber
pegs were specified as bent fasteners. Tops of the
headers were sloped to prevent standing water and
discourage their use as “balance beams.”

Figure 5 - Existing Timber Flume Bent Detail.
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Flume Liner - The origina trunk lining was
constructed of tongue and groove boards nailed
longitudinally to the insides and bottom of the bents.
The existing liner boards had been coated many times
with tar to seal the wood and joints.

Flume Invert - The flume opening into the mill
determined the invert of the flume. The flume invert
included a five inch curb which diverts water out

through a waste gate to bypass the mill during periods
when it is not in operation.

Concrete Headwall - The formed concrete
headwall includes flared upstream walls and a short
section of concrete flume and apron. Most of the
existing headwall was in good condition, except for
the uphill wingwall which was cracked and heaving.

Control Gate - Between the parallel walls of the
headwall, a slot was formed to house a wooden
control gate which is raised and lowered with vertical
screw rod to regulate the amount of water which
flows through the flume to the waterwheels.

Waste Gate - The waste gate is constructed in the
downhill side of the timber flume with openingsin the
top and bottom of the wall boards in one bay near the
concrete headwall. The top opening is an overflow.
The bottom opening is controlled with a simple board
on a stick which uses water pressure to hold the board
against the opening. The gate can be raised and
lowered to adjust the flow of wastewater.

Trash Screens - The Owners have installed two
wooden vertical-slatted trash screens within the
existing flume and headwall. These devices catch
debris before it enters the mill and require periodic
raking to keep the flume open.

Required Demolition - The entire timber flume
was found to require demolition and replacement.
One wing of the concrete headwall was cracked and
shifted, and required removal and replacement. The
existing overflow spillway was a series of deteriorated
stone wall terraces stepping down to an overflow
pond, which drains into the tail race. Demolition and
reconstruction of these stone walls was incorporated
into this project. Two wooden foot bridges over the
flume were specified to be removed and
reconstructed.

Figure 6 - Existing Timber Flume, Waste Gate and Stone Spillway.
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Structural Design Improvements - A system of
structural concrete walls and slabs were designed as
the foundation for the new timber flume and spillway.
The structure was designed to be hidden below grade
and to support an exposed native field stone facade.
The design provided for surface and subsurface
drainage from the uphill sides of the flume and
retaining walls.

New timber bents were designed to sit on a new 4"
reinforced concrete slab placed under the flume
alignment between the headwall and mill foundation.
The bents and structural liner were surrounded by
gravel backfill to promote drainage and air movement
around the below-grade timbers. A porous geotextile
fabric was specified to separate the gravel backfill
from the earthen grade.

Two inch thick structural liner boards were designed
to be nailed to the insides of the bents in the
traditional way, but not to hold water. An
impermeable liner was specified to be installed
againgt the inside of the structural flume walls and
floor, as one piece, between the mill foundation and
the concrete headwall. A “facade” liner was designed
as removable sections of longitudinal flooring and
siding on sleepers which cover and protect the
membrane. The facade wall sections were designed to
wedge the floor sections in place without nailing
through the membrane below the waterline. In fact,
the membrane is employed to prevent leaks, not to
protect wooden members. The liner was designed to
be sealed to the concrete head wall with battens and to
continue inside the mill to line the water distribution
box.

Waterproof Flume Liner - The waterproof
membrane liner was specified as a reinforced, 45 mil
polypropylene polymer geomembrane with a non-
woven polyester fiber geotextile bonded onto both
Sides.

Species Selection and Preservative Treatment
Red Oak was selected for the structural liner and the
below-grade bent members because it is a local
hardwood which has an open cell structure capable of
accepting preservative treatment. Untreated White
Oak was specified as the bent headers because the
members will be above grade and in contact with the
public; and the species has a natural resistance to rot.

CCA-treated Yellow Pine was specified as the facade
liner and all control structures. Creosote was chosen
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as the optimum timber preservative for the below-
grade members. Tar was specified as an on-site joint
Sealer.

Hardware - All hardware was specified to be
hot-dipped galvanized.

2. Weigh Station Technical Details

The previous weigh station canopy was a roofed,
drive-through structure with portals under both
gables. The structure was asymmetrical with an
enclosed shed section toward the north.

An existing iron scale carriage is mounted on a
formed concrete foundation in a below grade well.
The carriage is connected by a lever arm to the scale
mechanism which is housed in an existing wooden
structure above grade.

Original Foundation - The tops of the concrete
well walls are flush with the grade and are
approximately twelve inches thick. The original
canopy posts were mounted directly into concrete
piers located just outside these concrete foundation
walls. However, the existing concrete walls were
chosen as the foundation for the new structure, to
eliminate the need to construct new piers.

Canopy Structure Type - The original canopy was
used to protect grain wagons. The weigh station
canopy was probably “stick” framed, however no
evidence exists outside of an original photo. The new
canopy was designed to invite visitors, and protect
them from the elements during orientation to the mill.
It could not exactly replicate the original design.

The new weigh station canopy was designed for
observation, as an open-sided timber frame with roof.
The design includes mortise and tenon timber joinery,
similar to the connections which exist inside the mill
and the mill residence.

Horizontal siding was specified on the gable ends to
protect roof members and cover knee braces, as siding
did on the original structure. Siding exposure matches
the mill siding.

New Post Details - The posts were designed to bear
on standard metal post pedestals, to prevent the end



Figure 9 - Previous Weigh Station Canopy (date unknown.)

grain from directly contacting masonry. Posts were
desigined to be anchored by new threaded anchor rods
drilled and grouted into the existing concrete
foundation. Posts were designed to be drilled from the
bottom to allow the anchor rods to be secured with a
typical “bedpost” detail. A mortise opening for the
anchor washer and nut was designed into the outside
face of the post. All outside faces of posts were
designed with a protective one inch vertical sheathing,
which extends as a drip edge below the bottom of the
posts.

Bent Construction - The structure design employs
typical “bents’ which are post, girt, rafter, and brace
assemblies, connected with mortise and tenon joinery
and fastened with timber pegs or “pins.” Bents are
typically assembled on the ground and lifted to their
vertical positions. Connecting girts or “beams’
connect the bents. The new canopy design employs
four bents - creating three “bays’ between the bents.

The bay sizes were determined by the existing
concrete foundation which is asymmetrical. A
structure of this length could be built with only three
bents, however afourth bent was added to allow the

two center bent rafters to extend as an outrigger roof
for protection over the housed scale mechanism.

The bents at both gable ends were designed in the
original fashion with knee braces inside the porta
openings, and sheathed with horizontal siding. Studs
between the bent girts and rafters were framed on two
foot centers to carry the siding.

The two interior bents were designed with triangular
bracing in the roof trusses between the bent girt and
rafters. Standard knee braces below the girts were not
used on the interior bents to maintain the sense of one
undivided space. The outrigger roof does employ
knee braces outside the structure, between the posts
and rafters.

Roof Overhangs - The roof includes substantial
overhangs on the sides and gable ends which are
designed to protect the structure and space under the
roof from normal, but not occasional driving rains,
The side overhang drip lines are two and a half feet
from the outside of the posts and we designed to help
shade and direct rain and snow away from the posts.

Purlins span longitudinally between rafters, and were

designed to mortise into, but sit two inches above the
rafter tops to create airspace under the roofing, The
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gable end overhangs were designed to use outrigger
purlins to extend the drip line of the roof twelve
inches beyond the face of the portal.

Interpretive Features - The new weigh station
itself will be the subject of interpretation for visitors.
It will serve visually as a mgjor structure at the entry
to the mill from the west. A dated commemorative
plaque will be mounted in each gable. The eastern
portal will serve as the visitor entry.

A structura railing was designed between bents to
control pedestrian movement and to support
interpretive display panels. The display panels will be
weatherproofed and mounted at an angle against this
railing. Lighting inside the structure will be available
by running an underground conduit through a channel
milled in the outside of one post.

Self Draining Joinery - All joints which are not
covered by siding or roofing are designed to be self
draining. This is accomplished by sloping normally
horizontal mortise surfaces, and installing “weep’
holes. These typica details are employed in the knee
braces and railing joints.

Species Selection - White oak was selected as the
primary local hardwood species for all canopy
structural members because of strength and natural
resistance to rot. Siding was designed to be Western
Red Cedar.

Timber Treatment - The timbers in the weigh
station canopy were designed for use without
preservative treatment. The plan includes painting the
entire structure the same color as the mill.

Scale Bed - The existing timber scale bed was rotten
and cordoned off from the public. Before demolition,
sizes of existing members were documented. The
new scale bed was designed using the original
member sizes.

The timber bed structure was designed to bear on the
three longitudinal steel I-beams of the existing scale
carriage, each measuring 12 1/2" deep x 5" wide.
Timber transverse beams measuring 6” deep x 8
wide spanned the three carriage beams at 16” centers.
Longitudinal sleepers measuring 2" deep x 5" or 4"
wide were used to span the transverse beams as
nailers for the decking. Three inch thick transverse
dlezc”king was used at random widths between 77 to

Figure 10 - Existing Scale Bed (view to east.)
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The origina 1 1/2" space was left between the steel
edge on the concrete foundation and the outside
edge of the scale bed deck. A 4" x 2 1/4” curbing
was designed to fasten to both sides of the deck with
4" hex head lag bolts and washers as in the original
deck.

All replacement deck members were specified as
creosote treated red oak, except for the deck and
curb timbers which were specified as CCA-treated
Southern Y ellow Pine.

Scale housing - The wooden scale housing
measures 58" high x 62" long x 12" wide and
regquires only minor repairs to the southern sill and
vertical siding.

Two inch thick decking boards were specified to be
replaced between the bed and the scale housing with
2" CCA treated Southern Yellow Pine.
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The significance of the Burnt Cabins Grist Mill
project promotes a wider recognition of “non-
bridge” heritage timber transportation structures.
The Weigh Station and Timber Flume are part of a
comprehensive federal/local rehabilitation plan in a
highly visible, historic context.

The projects integrate local timber use, historic
timber detailing and craftsmanship, and modem
timber treatment.

Information about these heritage recreation
structures will be part of a comprehensive
interpretive plan for the entire historic visitors' site.
The traditional canopy frame raising for the weigh
station will be video documented for interpretive
displays during mill tours.
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Performance of Red Oak and Red Maple Glued-

Laminated Bridges

Harvey B. Manbeck, Paul R. Blankenhorn, John J. Janowiak, Ray W.
Witmer, Jr. and Peter Labosky, Jr., College of Agricultural Sciences,

Pennsylvania State University

Abstract

A three year program to monitor the performance of a
red oak longitudinal girder, transverse deck glued-
laminated (glulam) highway bridge is presented. The
results indicate that the predicted and observed live
load beam deflections agree to within 2% when the
gtiffness of the individual beam laminations and ten
percent increase in beam stiffness due to composite
action between the deck panel and longitudinal girders
are incorporated into the design. Significant reflexive
cracking of the asphaltic wearing surface was observed
a the interface between each red oak deck panel. This
was attributed to the gap provided between each panel
during construction, to the placement of the waterproof
membrane directly over the creosote treated deck
panels, and to improper mating of the deck panels to
the beams during installation of the lag bolts. Long
term (three year) dead load deflection measurements
indicated that after approximately one year, dead load
deflections remained nearly constant for the interior
beams. Elevations of the lower surface of the two
exterior beams fluctuated considerably and varied
seasonally. There was no evidence of delamination of
the girders or deck panels after four years. However,
there was some evidence of delamination of the curbs
and to tops of rail posts. Preliminary observations of a
red maple glulam bridge, the design of which
addressed the three shortcomings of the red oak bridge,
suggest no delamination of the glulam components and
no reflexive cracking of the wearing surface after nine
months of service. Live load testing of the red maple
bridge is scheduled for the summer of 1996.
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Introduction

A demonstration bridge project has been underway in
Pennsylvania for the past severa years. The goals of
this effort are to design, construct, and monitor
hardwood timber highway bridges throughout the state,
thus demonstrating the suitability of hardwoods for
structural components in highway bridges. Two of the
demonstration bridges are hardwood glued-laminated
(glulam) bridges, one of northern red oak and one of red
maple. An additional eleven hardwood glulam bridges
are currently being designed for forestry roads in
Pennsylvania by the Department of Conservation and
Natural Resources. The objective of the remainder of
this paper is to summarize the design of and field
performance of the northern red oak and the red maple
hardwood glulam demonstration highway bridges.
The red oak bridge opened for traffic in November
1991; the red maple bridge opened to traffic in August,
1995.

The projects were cooperative efforts of several
organizations under the leadership of a Penn State
University Research Team from the Department of
Agricultural and Biological Engineering and the Wood
Products Program of the School of Forest Resources.
The Penn State Research Team was responsible for all
quality control matters and specifications related to
wood procurement processing, grading, and
fabrication. Gwin Dobson and Forman, Inc. of State
College, Pennsylvania, designed the substructures and



superstructures and supervised construction; Unadilla
Laminated Products, Inc. of Sidney, New York,
fabricated the glued laminated structural members and
provided fastener hardware for the red oak project;
Rigidply Rafters, Inc. of Richland, Pennsylvania
fabricated the red maple glulam members and provided
fastener hardware and details for the red maple project.
Koppers, Inc. of Muncy, Pennsylvania, treated the
glued laminated members for both projects. Kamtro
Construction of Osceola Mills, Pennsylvania,
constructed the red oak bridge; Redrock Construction
of Mifflintown, Pennsylvania constructed the red maple
bridge. The northern red oak bridge owner is Ferguson
Township in Centre County, Pennsylvania; the owner
of the red maple bridge is East Pennsboro Township in
Cumberland County, Pennsylvania.

Bridge Descriptions

Red Oak Bridge

The northern red oak glued laminated girder and glued
laminated deck bridge was designed to replace a 44-
year old reinforced concrete tee beam bridge with a 107
kKN (12 ton) rating on Township Road T-330 in
Ferguson Township in Centre County, Pennsylvania.
The bridge superstructure was erected onto the existing
stone abutments. The bridge skew, at 45 degrees, was
severe. The bridge was designed and constructed prior
to publication of BLC-560 Series, Standards for
Hardwood Glulam Timber Bridge Design (PennDOT,
1994) and prior to the revision of AITC 119 (AITC,
1996).

The design specifications for the bridge were:

* Loads - HS25 or ML80 live load

» Deflections - Live load deflection less than
span/500

» Materids - All superstructure, railings, and
parapets to be glued laminated northern red oak

» Clear span between centerline of abutments -10.69
m (35 ft. 0 /2 in.)

e Overal deck width - 8.54 m (28 ft.)

All structural components were designed in accordance
with the 1986 ed. of the National Design Specification
for Wood Construction (NFPA, 1986), the 1988 ed. of
the Supplement to the National Design Specification
(NFPA, 1988), the AASHTO Standard Specifications
for Highway Bridges, (AASHTO 1989), and PennDOT
Design Manua Part 4 (PennDOT 1990). All the
girders were specified as Combination A lay-ups (Fig.
Ia) with the following unadjusted structural properties:
F,.= 15.4 MPa (2240 psi); F,= 1.5 Mpa (230 ps); E
= 11.0 GPa (1.6 x 10°psi). The girders were braced
laterally by endwall diaphragms, midspan diaphragms
and by the glulam deck which was fastened to the
girders every 0.30 m (12 in.) on center. The glued
laminated deck panels were specified as Combination A
(without special outer laminations) northern red oak

with F,= 15.4 Mpa (2240 psi), F,= 1.5 psi (230 psi),
and E = 11.0 GPa (1.6 x 10°psi).

The bridge superstructure has nine 203 mm by 743
mm (8 in. by 29-1/4 in.) girders spaced 965 mm (38
in.) on center (Fig. 2). All girders were fabricated with
38 mm (1.5 in.) laminations. The 152 mm (6 in.)
thick deck consists of 788 mm (31 in.) and 1220 mm
(48 in.) wide by 854 m (28 ft) long panels. All
panels were spaced approximately 6.5 mm (1/4 in.)
apart to accommodate anticipated in-service moisture
expansion because the panels were fabricated at 12+2%
moisture content and are expected to equilibrate over
the stream at about 19% moisture content. The 152
mm (6 in.) deck was designed as a non-interconnected
deck (AASHTO, 1989; Ritter, 1990). However, one-
half of the bridge was constructed with 32 mm (1 1/4
in.) diameter dowels to observe performance differences,
if any, between the asphalt paving over the
interconnected panels and the non-interconnected
panels. The endwall diaphragms were 152 mm (6 in.)
wide by 743 mm (29 1/4 in.) deep and extended the
fill 12.08 m (39.6 ft.) skew length.  Midspan
diaphragms, 150 by 743 mm (3 in. by 29 1/4 in.),
were installed perpendicular to the span between each
pair of girders for lateral stability. The girders were
attached to the abutment with 19 mm (3/4 in.) anchor
bolts (all bridge hardware was double dipped
galvanized). The bearing design alowed vertical
adjustment for proper leveling of the top surfaces of the
nine beams. The deck panels were fastened to the
girders with 19 mm by 229 mm (3/4 in x 9 in)
galvanized lag bolts. The heads were recessed into the
deck. The diaphragms were connected to the girders
with three 19 mm by 229 mm (3/4 in. x 9 in.)
galvanized lag bolts at each girder. (This detail has
been changed in the BLC-560 Standard Plans
(PennDOT, 1994) to 2-19 mm (3/4 in,) diameter
threaded rods which extend through the diaphragm and
two adjacent beams.)

Oakum was installed between deck panels. Before
paving, a waterproof geotextile membrane was installed
over the deck.

The railings and parapets design consists of 254 mm
by 305 mm (10 in. x 12 in.) glued laminated posts
spaced 1.83 m (6 ft.) on center, two 152 mm by 203
mm (6 in. X 8 in.) glued laminated rails, and 254 mm
x 305 mm (10 in. x 12 in.) glued laminated curbs.
The rail system is fastened with galvanized bolts and
drift pins. All glulam members were treated with
creosote to a retention level of 192.2 kg/m®(12 pcf)
with a minimum depth of penetration of 6 mm (0.25).

Red Maple Bridge
The red maple glulam longitudinal girder and
transverse glulam deck bridge was designed to replace
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Figure 2--Sketch of superstructure for the northern red oak glulam bridge.
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an old single lane concrete bridge with an 89 kN
(10 ton) rating over Possum Hollow Creek in East
Pennsboro Township in Cumberland County,
Pennsylvania. The entire project included realignment
of the roadway and construction of new concrete
abutments. The bridge skew was minimal
(approximately 15 degrees). The design
specifications for the bridge were:

* Loads-HS25 or ML80

e Deflections - Live load deflection less than
span/500

* Materias - All superstructure, railings and parapets
to be glued-laminated red maple

» Clear span between centerline of abutments-8.20 m
(26 ft. 10 3/4 in.)

» Overall deck width - 10.88 m (35 ft. 8 in.)

e Curb-to curb width - 9.76 m (32 ft.)

All structural components were designed in accordance
with the BLC-560 Series, Standards for Hardwood
Glulam Timber Bridge Design (PennDOT, 1994) and
PennDOT Design Manual Part 4 (PennDOT, 1990)
All girders were specified as 24f-1.8E combination
layups (Figure Ib) with the following unadjusted
structural properties: F,, = 16.5 MPa (2400 psi); F,=
1.3 MPa (205 psi); and E = 12.4 GPa (1.8 x 10°psi).
The girders were braced laterally by endwall
diaphragms, midspan diaphragms and by the glulam
deck which was lag bolt connected to the girders every
0.30 m (12 in.) on center. The glulam deck panels
were specified with uniform grade No. 2 visualy
stress graded red maple laminations with F, = 124
MPa (1800 psi), F,= 1.3 MPa (205 psi) and E = 12.4
GPa (1.8 x 10°psi).

The bridge superstructure has 15-130 mm by 838 mm
(5.125 in. by 33 in.) girders spaced 660 mm (26 in.)
on center (Figure 3). All girders were fabricated with
38 mm (1.5 in.) laminations. The 108 mm (4.25 in)
thick deck panels were 1.22 m (48 in.) wide by 10.88
m (35.67 ft.) long. The panels were abutted with no
spacing between adjacent panels. The deck panels were
interconnected with 32 mm (1 1/4 in.) diameter dowels
spaced 230 mm (9 in.) on center. The endwalls were
80 mm (3.125 in.) wide by 838 mm (33 in.) degp and
extended the full width of the bridge. Midspan glulam
diaphragms, 80 mm (3.125 in.) thick by 530 mm
(20.875 in.) wide by 750 mm (750 in.) deep were
installed perpendicular to the span between each pair of
girders. The girders were attached to the abutment
with 19 mm (3/4 in.) diameter anchor bolts (All bridge
hardware was double dipped galvanized.). The deck
panels were fastened to the girders with 19 mm by 229
mm (0.75 in. by 9 in.) galvanized lag bolts. The bolt
heads were recessed into the deck.  Endwall
diaphragms were lag bolt connected to the girders; the
midspan diaphragms were connected to the girders with

two 19 mm (3/4 in.) diameter threaded rods which
extend through the diaphragm and the two adjacent
beams. A waterproof membrane was installed between
the asphalt base and wearing courses. The railings and
parapets are similar to those for the red oak bridge with
the exception of the preservative treatment specification.
The red maple glulam bridge railings were treated with
a CCA/oil emulsion system (Blankenhorn, et al.,
1996) at the Koppers Industries plant located in
Montgomery, Alabama. This oil emulsion/waterborne
system was developed by Hickson Corp. and Koppers
Industries, Inc. and it consists of injecting an oil and
wax combination into the outer 254 mm (1.0 in.)
following CCA treatment and drying of the treated
wood. The target retention of the CCA was 9.6 kg/m’
(0.6 pcf). Assay retention analysis indicated that actual
retention of the CCA was 12.8 kg/m’(0.8 pcf) and the
oil/wax retention was 19.2 kg/m’(1.2 pcf).

The creosote treatment of the red maple glulam bridge
members used a treatment cycle that was similar to the
red oak treatment cycle (Blankenhorn et a., 1996).
The target retention for the red maple glulam was
192.2 kg/m*(12 pcf). Actual assay retention was
169.1 kg/m’(16.8 pcf). The creosote penetrated the
red maple glulam to a depth of 63.5 mm (2.5 in.) or
more with some areas being in excess of 76.2 mm (3
in.).

Red Oak Bridge Performance
Description of Monitoring

The red oak bridge was monitored to evaluate its
structural performance, the dimensional stability of the
deck panels, the durability of the glulam components,
and the performance of the asphalt wearing surface.
Live load tests were performed in August, 1991.
Deflection profiles of the nine red oak girders were
measured when loaded with nominal 334 kN (75 kip)
triaxle trucks. The 334 kN (75 kip) live load was first
applied to one lane, then to the other lane and finally
simultaneously to both lanes.  The lane loads were
applied to produce maximum deflection of the girders
(Figures 4). Dead load creep deflections of the
centerline of the girders were measured monthly for
three years after the live load test.  Also, the
dimensional changes of the deck panel widths were
measured prior to creosote treatment, immediately after
creosote treatment, and monthly for three years. Glulam
components were periodically surveyed to document
any delamination of glulam bridge components.
Finally, the reflexive cracking of the asphalt wearing
surface was monitored.

Structural Evaluation

The centerline live load deflection of red oak girders 1
through 9 are plotted in Figure 5. Live load deflection
profiles for beams 5 and 8 are plotted in Figures 6 and
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Figure 3--Sketch of the superstructure for the red maple glulam bridge.

Figure 4--ML-80 vehicle location for maximum deflection of the red
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Figure 8--Creep deflection of girders 1 to
9 of the red oak glulam bridge.

7. Dead load creep deflections for beams 1 through 9
are plotted in Figure 8.

The centerline live load deflection for load cases | and
Il are nearly symmetric with respective lane deflections
agreeing to within 1 mm for all beams. The measured
centerline live load deflection for load case Il was
nearly symmetric about the bridge centerline. The
deflections of beams 4 and 6 differed by 1 mm

(Approximately 8% of total deflection) and beams 3
and 7 differed by 1 mm (Approximately 9% of total
deflection). The maximum measured centerline live
load deflection for load case |1l (Beam 5) was 13 mm
(0.52 in.). The sum of the respective beam deflections
for load cases | and 1l agreed with the measured
deflections for load case Ill to within 1 to 2 mm.
(0.08 to 0.16 in.) The deflection profiles of beams 5
and 8 (Figures 6 and 7) show the maximum live load
deflection occurring at midspan for each of load cases |,
Il and I1l. The symmetry of the live load deflections
and the agreement of the superimposed case | and Il
deflections with load case Il deflections are clear
indicators of satisfactory live load distribution across
the bridge by the glulam deck, the lag bolt connections
and the glulam diaphragms.

The predicted centerline live load deflection of beam 5,
assuming no composite behavior between the deck and
girder, girder E-value of 11.0 GPA (1.6 x 10°psi), and
an HS25 or ML80 load, was 22 mm (0.85 in.). The
observed maximum live load deflection for beam 5 was
14 mm (0.55 in.). Lower actual vs. predicted
deflection is probably due to: 1) The conservative
design value of E [Shaffer, et al. (1991) reported E-
values of 13.1 GPa (1.90 x 10°psi) for northern red oak
beams] used in the calculations; 2) Neglect of
composite action between the deck and girders, and 3)
The average E-value determined by static loading of
each board used in the bridge girders being 15.5 GPa
(2.2 x 10°psi). Predicted live load deflection using an
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E-value of 155 GPa (2.2 x 10°psi) equals 16 mm
(0.62 in.). Witmer (1996) has reported that composite
action between lag bolt connected transverse hardwood
glulam decks and beams increase girder stiffness by 8
to 12%. Applying this increase to the northern red oak
girder stiffness yields a predicted live load deflection of
14.3 mm (0.56 in.) which compares favorably with the
observed deflection.

Dead load deflections for the nine beams for 36 months
duration are plotted in Figure 8. The long term dead
load deflections vary considerably between beams. The
bottom face of some beams experienced downward
movement, whereas some  experienced upward
movement. Maximum upward movement of 10 mm
(0.39 in.) was measured for beam 3; maximum
downward movement of 8.5 mm (0.33 in.) was
measured for beam 8. Dead load deflections of most of
the beams remained relatively constant (2 mm) for
approximately 6 to 9 months, then experienced a shift
of several mm. The deflection of the interior beams
then stabilized. Over the last 24 months of the
monitoring, the dead load deflections of the interior (2
through 8) beams did not increase nor decrease by
more than 1 mm or 2 mm (0.08 in. or 0.16 in.). The
trend suggests that one cycle of annual weather change
is necessary to condition, or to seat, the
superstructure. The dead load deflection of the exterior
beams (1 and 9) fluctuated by nearly 7 mm (0.27 in.)
over the last 24 months of monitoring. These beams
were exposed to radiation and convective heat loads,
whereas the interior beams were not. There are no
apparent trends between beam location and direction of
movement. One possible explanation of the upward
movement of four beamsiis differential moisture content
of the beam from top to bottom. That is, the lower
portion of the cross section, being more exposed to the
drying action of ambient air, was at a lower moisture
content than the upper portion of the beam. Such a
situation would have the effect of inducing a dlight
reverse curvature of the beam.

Dimensional Stability

The design of the red oak and red maple glued-
laminated timber bridge included an intentional panel
separation between the deck panels. The size of the
separation was based on the average transverse swelling
(radia plus tangential divided by two) and the width of
the deck panels. The separation would allow the deck
panels to expand as they increased in moisture content
from an average of 12% during fabrication to
approximately 20%. after installation of the bridge. The
design separation for the red oak glued-laminated
timber bridge was 12.7 mm (0.5 inch) and for the red
maple bridge was 9.5 mm (0.38 inch).  During
creosote treatment the deck panels adsorbed moisture
and expanded.
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Table 1 lists the fabricated and creosote-treated red oak
glued-laminated deck panel widths.  The bridge
design allowed for a maximum panel separation gap of
12.7 mm (0.5 inch) between panels for a total deck
expansion of 203.2 mm (8.0 inches). The total width
of the red oak glued-laminated deck panels after
creosote treatment increased by 219.7 mm (8.65
inches). However, the deck was installed with a gap
between each panel even though the deck had expanded
past the design amount.

The size of the separation after installation between
each panel is listed in Table 2. The separation
between each panel was monitored from October 1991
to October 1994. The fina size in October 1994 of the
separation is also listed in Table 2.  The total
separation between the panels decreased by 27.70 mm
(1.17 inches) after being in service for three years. The
cumulative expansion of all the panels after creosote
treatment and in service for three years was 247.40 mm
(9.74 inches) compared to the cumulative design panel
separation of 203.2 mm (8.0 inches).

After the red oak glued-laminated deck panels had been
in place for three years, a seasona variation in panel
width began to appear. The panels were at their
maximum width in July/August and their minimum
width from October to March. The moisture
adsorption and desorption resulted in a total annual
change in the red oak deck panel width of 14.97 mm
(0.59 inches).

Delamination

No delamination of the deck panels nor the girders has
occurred since the bridge was installed in October,
1991. Some delamination (e.g., glueline checking) of
the curbs has occurred at locations near the roadway
surface. The delamination can probably be minimized
by adhering to the hardwood lamination procedures
specified by Manbeck et al. (1996). These
specifications were not fully identified at the time of
the red oak bridge construction in 1991. Also, some
delamination of the top ends of the guiderail posts has
occurred. The guiderail posts were nominal 254 x 305
mm (10 by 12 in.) red oak glulam members. Since
they were so large and since nominal 254 mm (10 in.)
laminations were not available, the posts were cross
laminated to form a square lamination pattern. The top
of the posts were sealed with an asphaltic compound.
However, this treatment did not adequately protect the
post ends.

Wearing Surface

Reflexive cracks began to appear approximately six
months after the bridge was completed. After one year,
there were 14 cracks in the deck asphalt. All cracks
were directly over a deck panel joint. The cracks



ranged in length from 406 mm (16 in.) to 6.07 m (20
ft.). Six cracks were under 2.54 m (100 in.) long, four
were between 2.54 and 5.10 m (100 and 200 in.) long,
and four were between 5.10 m and 6.07 m (20 ft.) long.
Crack widths ranged from less than 1 to 3 mm (0.04
to 0.12 in.) wide. Reflexive cracks have grown over
time. In May, 1996, 3 mm (0.125 in) to 6 mm (0.25
in.) wide reflexive cracks extended the full width of the
bridge wherever two deck panels were connected.
Also a narrow longitudinal crack has developed along
the roadway centerline of the bridge over approximately
50% of the bridge length. The reflexive cracks have
been sealed once, but have reopened. The presence of
icicles and salt stains on the underside of the deck
indicate that, in addition to reflexive cracking of the
asphalt, the waterproof membrane has failed. The
waterproof membrane was installed immediately on top
of the creosoted glulam deck panels. The probable
causes for the amount of reflexive cracking are: (1)
Inadequate mating of the deck panels to the beams
before installation of the lag bolts; (2) Instalation of
the waterproof membrane directly over the deck panels;
and (3) The 6 to 8 mm (0.25 to 0.38 in.) gap between
the adjacent glulam deck panels. All three factors are
easily corrected in the design or construction phases of
aproject.

Red Maple Bridge Performance
Table 3 lists the non-treated red maple deck panel
width and the width (parallel to the skew of the deck)

after creosote treatment followed by a low
temperature/lvacuum  steam cycle described by
Blankenhorn et a (1996). The bridge design alowed
for a maximum gap of 9.5 mm (0.38 in.) for a total
deck expansion of 57.2 mm (2.25 in.). The total
width of the deck along the skew after creosote
treatment increased by 51.2 mm (2.01 in.) from the
non-treated width. Consequently, the edges of the deck
panels were butted together during installation.

As of May, 1996 there were no reflexive cracks in the
asphalt wearing surface nor any signs of delamination of
any of the glulam components of the bridge
superstructure. Live load testing of the bridge has been
delayed and will be conducted in June, 1996. Results
of the load testing will be included in the oral
presentation.

Ongoing Work

The red maple bridge will be live load tested in June,
1996. At that time differential displacements between
adjacent deck panels will also be measured. Also, core
samples of the asphaltic wearing surface will be taken
by researchers from Virginia Polytechnic Institute to
determine the condition of the waterproof membrane
installed between asphalt base and wearing courses.

Summary
The results of a monitoring program for a red oak
glulam highway bridge have demonstrated that it is

Table 1.--Dimensional Changes in Red Oak Glued-Laminated Timber Bridge Deck
Panels Before and After Creosote Treatment.

Panel Width Prior to Creosote Treatment

Width After Creosote Treatment

— b b emd ed =l b
E = - B BN B R AR R

17

111.76 cm (44.00 inches)
121.92 cm (48.00 inches)
121.92 cm (48.00 inches)
121.92 cm (48.00 inches)
121.92 cm (48.00 inches)
121.92 cm (48.00 inches)
121.92 cm (48.00 inches)

78.74 cm (31.00 inches)

78.74 cm (31.00 inches)
121.92 cm (48.00 inches)
121.92 cm (48.00 inches)
121.92 cm (48.00 inches)
121.92 cm (48.00 inches)
121.92 cm (48.00 inches)
121.92 cm (48.00 inches)
121.92 cm (48.00 inches)

111.76 cm (44.00 inches)

112.09 cm (44.13 inches)
123.82 cm (48.75 inches)
122.89 cm (48.38 inches)
123.19 cm (48.50 inches)
123.19 cm (48.50 inches)
123.82 cm (48.75 inches)
123.82 cm (48.75 inches)

80.01 cm (31.50 inches)

80.01 cm (31.50 inches)
123.52 cm (48.63 inches)
122.89 cm (48.38 inches)
123.19 cm (48.50 inches)
123.19 cm (48.50 inches)
123.19 cm (48.50 inches)
123.19 cm (48.50 inches)
123.52 cm (48.63 inches)

112,40 cm (44.25 inches)

TOTAL WIDTH

1965.96 cm (774.00 inches)

1987.93 cm (782.65 inches)
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Table 2--Dimensional Stability of the Panel Separations Between Red Oak Glued-

Laminated Timber Bridge Deck Panels.

Panels! Initial Average Final Average
Panel Separation Panel Separation Average Panel Separation Seasonal
October 1991 October 1994 Variation

July 1994 October 1993

1-2 7.87 mm 6.60 mm 7.62 mm 6.35 mm
(0.31 inches) (0.26 inches) (0.30 inches) (0.25 inches)

2-3 12.30 mm 11.94 mm 11.94 mm 10.41 mm
(0.50 inches) (0.47 inches) (0.47 inches) (0.41 inches)

3-4 10.16 mm 8.13 mm 9.14 mm 8.13 mm
(0.40 inches) (0.32 inches) (0.36 inches) (0.32 inches)

4-5 10.67 mm 8.64 mm 10.16 mm 8.64 mm
'(0.42 inches) (0.34 inches) (0.40 inches) (0.34 inches)

5-6 13.46 mm 9.40 mm 10.92 mm 9.40 mm
(0.53 inches) (0.37 inches) (0.43 inches) (0.37 inches)

6-7 11.94 mm 9.65 mm 10.67 mm 9.65 mm
(0.47 inches) (0.38 inches) (0.42 inches) (0.38 inches)

7-8 7.62 mm 5.33 mm 6.35 mm 5.33 mm
(0.30 inches) (0.21 inches) (0.25 inches) (0.21 inches)

8-9 9.4 mm 8.89 mm 8.64 mm 8.89 mm
(0.37 inches) (0.35 inches) (0.34 inches) (0.35 inches)

9-10 7.11 mm 5.08 mm 5.59 mm 4.83 mm
(0.28 inches) (0.20 inches) (0.22 inches) (0.19 inches)

10-11 10.16 mm 7.37 mm 9.14 mm 7.37 mm
(0.40 inches) (0.29 inches) (0.36 inches) (0.29 inches)

11-12 5.84 mm 3.56 mm 4.57 mm 3.56 mm
(0.23 inches) {(0.14 inches) {(0.18 inches) (0.14 inches)

12-13 8.38 mm 4.83 mm 5.84 mm 4.83 mm
{0.33 inches) (0.19 inches) (0.23 inches) (0.19 inches)

13-14 5.08 mm 3.81 mm 4.32 mm 3.81 mm
(0.20 inches) (0.15 inches) (0.17 inches) (0.15 inches)

14-15 4.57 mm 4.06 mm 457 mm 4.06 mm
(0.18 inches) (0.16 inches) (0.18 inches) (0.16 inches)

15-16 5.33 mm 3.30 mm 4.06 mm 3.30 mm
{0.21 inches) (0.13 inches) (0.16 inches) (0.13 inches)

TOTAL 130.29 mm 100.59 mm 113.53 mm 98.56 mm
SEPABATION (5.13 inches) (3.96 inches) (4.47 inches) (3.88 inches)

1 panels 16 and 17 were butted against each other during installation.

structurally satisfactory and that the observed and
predicted live load deflections are in close agreement.
Significant reflexive cracking of the asphaltic deck
occurred in the red oak bridge. However, these cracks
can probably be minimized by modifying design
specifications related to intimate abutting of adjacent
deck panels, location of waterproof membranes, and by
properly mating deck panels to beams prior to
installation of lag bolt  connectors. Dead load
deflection measurements over a three year period
indicate that, after approximately one year, there is
little additional (less than 2 mm) dead load deflection in
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the bridge. The red maple monitoring is incomplete.
Live load testing is scheduled for the summer of 1996.
Thereis no evidence of reflexive cracking of the deck or
delamination of superstructure components. This
suggests that elimination of the gaps between panels,
mating decks to beams before installing lag bolts and
relocation of the waterproof membrane are effective in
minimizing reflexive cracking of the deck wearing
surface.
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Table 3--Dimensional Changes in Red Maple Glue-Laminated Timber Bridge Deck Panels Before and After

Creosote Treatment.

Panel Width Prior to Creosote Treatment Width After Creosote Treatment
A 118.75 cm (46.75 inches) 119.38 cm (47.00 inches)

B 118.90 cm (46.81 inches) 119.54 cm (47.06 inches)

C 118.90 cm (46.81 inches) 119.71 cm (47.13 inches)

D 118.75 cm (46.75 inches) 119.71 cm (47.13 inches)

E 118.90 cm (46.81 inches) 119.54 cm (47.06 inches)

F 118.90 cm (46.81 inches) 119.71 cm (47.13 inches)

G 11875 ¢m (46.75 inches) 119.38 cm (47.00 inches)
TOTAL

WIDTH 831.85 cm (327.49 inches) 836.97 cm (329.51 inches)
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