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Abstract

This report describes the design, modeling, and testing of two portable timber bridges, each consisting of
two non+interconnected longitudinal glued-laminated timber (glulam) deck pandl modules 1.8 m (6 ft) wide.
One bridgeis 12.2 m (40 ft) long while the other bridge is 10.7 m (35 ft) long. The modules are fabricated
in a double-tee cross section. Before fabrication of the modules, researchers collected information on
modulus of eadticity of each lumber lamination.  After the bridge modules were fabricated, Satic bending
tests were conducted a the laminating plant. During those static bending tests, the bridge modules exhibited
linear elagtic behavior. When actud lumber property data were used in transformed section and finite
element modds, the modd s overpredicted the stiffness of the bridge panels. The transformed section results
provided the best agreement with test results. During a subsequent monitoring program, the bridges
performed well overal; athough some damage occurred to the bridge modules during their remova. The
bridges appear to be cogt effective dternatives for temporary stream crossing applications. Further work
may be needed to determine if this design concept is gpplicable for permanent bridge applications.
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Introduction

Portable or temporary bridges have been used traditiondly in military or congtruction gpplications. In typica
civilian congruction gpplications, portable bridges are used when a permanent highway bridge is being
replaced and a temporary bypass is needed during the construction period.  Also, portable bridges are
needed to serve as temporary structures during disaster Stuations, e.g. when aflood washes out a highway
bridge. In addition, there are many Situations where temporary access is needed across streams in remote
areas for the congtruction or maintenance of utility structures.

Currently, much interest in portable bridge systemsis occurring in the forestry and related natura resource
indugtries. Thisinterest is primarily the result of efforts to reduce environmenta impacts from forest road
congruction. Rothwell (1983) and Swift (1985), in separate studies on forest roads, found that stream
crossings were the most frequent sources of erasion and sediment introduction into streams.  Bridges,
culverts, and fords are the common stream crossing structures on forest roads. Of these different stream
crossing structures, severad studies have shown that proper ingdlation of a portable bridge could
ggnificantly reduce levels of sediment introduced into the siream compared to other crossings such asfords
and culverts (Taylor et d., 19994). If properly designed and constructed, portable bridges can be easily
trangported, ingdled, and removed for reuse a multiple Stes. This ability to serve multiple inddlations
makes them much more economically feasible than a permanent structure.

Objectives

This report discusses the design, modding, and testing of a new type of portable longitudina glued-
laminated timber (glulam) deck bridge systlem. The bridge system uses two non-interconnected modules
that are fabricated in a unique double-tee cross section.

The specific objectives of the research were to:

1. Develop the design of a portable T-section longitudind glued-laminated timber (glulam) deck bridge
system that can be easily ingdled and removed with typicd forestry and construction equipment.

2. Evaduate methods to predict the stiffness of the finished T-section bridge modules.

3. Monitor the fied performance and cost effectiveness of the bridge modules.

Background

A variety of portable bridge designs have been congtructed from stedl, concrete and timber with sted and
timber bridge designs being the most prevaent types (Mason, 1990; Taylor et a.,1995). Log stringer
bridges and non-engineered timber mats or Acrane mats) have been used for many years. However, the
recent advances in timber bridge technology include severd engineered designs that can be easily adapted
for use as portable bridges. Probably the most promising designs for spans up to 12 m (40 ft) consst of



longitudind glulam or stress-laminated decks that are placed across the stream.  These designs can be
quickly and easly inddled at the Stream crossing Site using typica forestry equipment, such as hydraulic
knuckleboom loaders or skidders. Also, it is possble to ingdl these bridges without operating the
equipment in the stream, which minimizes site disturbance and associated erosion and sediment load on the
sream.

Hasder et d. (1990) discussed the design and performance of a portable longitudind stress-laminated deck
bridge for truck traffic on logging roads. This bridge was condructed of untreated, green, mixed
hardwoods. It was 4.8 m (16 ft) wide, 12.2 m (40 ft) long, 254 mm (10 in.) thick, and was fabricated in
two 2.4 m (8 ft) wide modules. Taylor and Murphy (1992) presented another design of a portable stress-
laminated timber bridge. It condsted of two separate stress-laminated panels 1.4 m (4.5 ft) wide placed
adjacent to each other with a0.6 m (2 ft) gpace between pands. The overal width of the complete bridge
was 3.3 m (11 ft). The panels could be constructed in lengths up to 9.7 m (32 ft).

Taylor et d. (1995) presented the results of using a portable longitudind glulam deck bridge designed for
use by logging trucks and other forestry equipment. It was 4.9 m (16 ft) wide and 9.1 m (30 ft) long. It
used four glulam deck panels, 1.2 m (4 ft) wide and 267 mm (10.5in.) thick. The bridge was designed to
be indaled on a spread footing, with the bridge deck extending 0.6 to 1.5 m (2 to 5 ft) on ether side of the
sream banks, thereby leaving an effective span of gpproximately 6.1 to 7.9 m (20 to 26 ft). They
concluded that the bridge performance was satisfactory and that if it could be reused at least 10 times, its
cost was comparableto or less than the cogt of ingdling fords or culverts. It had aninitid cost of $15,500
and an estimated cost per site of gpproximately $2,550.

Keliher et d. (1995) described the use of another longitudina glulam deck bridge designed specifically for
log skidder traffic. This bridge congsted of two glulam pands 1.2 m (4 ft) wide 216 mm (8.5 in.) thick,
and 8 m (26 ft) long. The glulam panels were placed directly on the stream banks and were not
interconnected. They were placed by using the grapple on skidders or by winching into place with a
skidder or crawler tractor. This bridge performed wdl in service and was well received by forest
landowners and loggersthat used it. However, its cost of $8,000 was dightly higher than the sted skidder
bridge described by Weatherford (1996), which cost approximately $7,200. This cost difference may
discourage some users from purchasing thistype of bridge over the non-engineered designs frequently used
for off-highway vehicles.

Taylor and Ritter (1996), Taylor et d. (1997), and Taylor et d. (1999b) described initid results of using
the T-section glulam bridges described in this report. Find modeling and performance results are provided
next.



LONGITUDINAL T-SECTION GLULAM BRIDGE

MODULES: DESIGN, INSTALLATION, AND COST

Design

The portable longitudina deck timber bridge designs discussed previoudy have been limited to pans of
approximately 9 m (30 ft) due to practicd limitations on the thickness of the deck panels. However, there
isaneed for more efficient technology to alow the use of portable timber bridges on spans up to 15 m (50
ft). Therefore, two longitudina glulam deck bridges were designed and constructed in a double-tee cross
section to test the feasibility of achieving longer spans for portable bridges while retaining the concept of a
longitudinal deck bridge. Taylor et d. (1996), Taylor and Ritter (1996), Taylor et d. (1997), and Taylor
et d. (1999b) described initid results of using the T-section bridges discussed here. This report provides
further details on modeling and performance of the bridge modules.

Thefirst bridge was purchased by Georgia Pacific Corporation and was designed to be used as aportable
bridge carrying log trucks and other forestry equipment in company timber harvesting operations. The
bridge congsts of two longituding pands 12 m (40 ft) long and 1.8 m (6 ft) wide giving atotd bridge width
of gpproximately 3.6 m (12 ft). The second bridge was purchased by the Morgan County, Alabama
Forestry Planning Committee and was dso designed for traffic smilar to thefirst bridge. The bridge was
used in demongrations for timber harvesting Best Management Practices.  The second bridge wasidentica
in width to the firg bridge; however it was 10.7 m (35 ft) long. Both bridges were manufactured by
Structural Wood Systems, Inc. of Greenville, Alabama is a sketch of the bridges.

The design vehicle for both bridges was an American Associaion of State Highway and Transportation
Officas (AASHTO) HS20 truck (AASHTO, 1993) with no specified deflection limitation. The pands are
not interconnected; therefore, each pane isassumed to carry one whed line of the design vehicle. The
pands were designed to be placed side by side on a spread footing, which can be placed directly on the
stream banks. Each panel was constructed in a double-tee cross section with dimensions given infFigure |
2. Veticdly-laminated flanges were 171 mm (6.75 in.) thick and 1.816 m (71.5 in.) wide and were
fabricated usng No. 1 Southern Pine nomind 50 by 203 mm (2 by 8in.) lumber. Two 286 mm (11.25in.)
wide and 314 mm (12.375 in.) thick wels were horizontally laminated to the lower sde of theflange. The
webs were fabricated usng Southern Pine nomind 50 by 305 mm (2 by 12 in.) lumber that met
specifications for 302-24 tenson laminations (AITC, 1993). The designers did not necessarily intend that
webs for future bridges of this type be congtructed using al 302-24 lumber. However, the laminator had
alarge supply of lumber in this Sze and grade and therefore chose to use it in this prototype bridge. At the
ends of the bridge pands, the flange extended 0.6 m (2 ft) beyond the end of the webs. This extension of
the flange was intended to facilitate the placement of the bridge pandl on a spread footing. sa
photograph of the finished bridge modules awaiting shipment from the laminating plant.

1 Although Georgia Pacific is now known as The Timber Company, the report will continue to refer to the company
and the bridge using the previous name of Georgia Pacific.
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To manufacture the bridge panels, the personne at the laminating plant began by fabricating the flanges as
one piece. Then, the flanges were surfaced and prepared for attachment of the webs. To prepare for
clamping the web laminations to the flanges after gluing, vertical holes were predrilled through the flanges
and webs. The holes were 25 mm (onein.) in diameter and were spaced approximately 305 mm (12 in.)
goart dong the length of the webs. At this point, adhesive was applied to each lamination and the
laminations were placed on the flanges. Threaded sted rods were placed through the holes, then clamping
blocks and nuts were placed on the ends of therods. The nuts were then tightened and the adhesive was
dlowed to cure. After the gluing operation, no further surfacing of the flanges or webs was conducted.

Figure 41is a photograph of one of the bridge modules during fabrication.

Interior digphragms measuring 286 mm (11.25 in.) wide and 210 mm (8.25 in.) thick were placed between
the webs at three locations aong the length of the panels: one a each end, and one a midspan. In addition,
to provide additiond srength in the wesk axis of the flange, 25 mm (1 in.) diameter ASTM Grade 60 sted
reinforcing bars were epoxied into the glulam flange and the digphragms. The reinforcing bars were placed
in holes drilled horizontally through the flanges a the pand third points. Additiona reinforcing bars were
placed horizontaly through the digphragms near the ends of the panels.

At each end of the panels, 19 mm (0.75 in.) diameter bolts were ingdled through the horizontal axis of the
flange. At theingde edge of the flange, @152 by 152 by 13 mm (6 by 6 by 0.5in.) sed plate was atached
tothe bolts. At the outside edge of the flange, 2305 mm (12 in.) long 152 by 152 by 13 mm (6 by 6 by
0.5in.) ged angle was attached to the bolts. Chain loops were welded to the square plates and the stedl
angles to fadlitate lifting of the pand ends and securing the pands @ the Ste. The angles served as
supporting brackets for acurb rall that extended the length of the bridge. Additiona curb brackets were
provided a third points along the outside edge of the flange. The curb rail conssted of a single 140 mm
(5.5in.) deep, 127 mm (5in.) wide, and 11.6 m (38 ft) long Southern Fine Combination 48 (AITC, 1993)
glulam beam running the length of the bridge. The curb rail was intended only for delineation purposes and
was not designed as a structurd rail. is a photograph of the curb and one of the sted angles that
attach it to the flange.

A wearing surface was not provided on the bridge. However, a1.8 m (6 ft) long 152 by 102 by 13 mm
(6 by 4 by 0.5in.) ged angle was atached with three 19 mm (0.75 in.) diameter lag screws to the top face
of the flange a each end of the bridge to prevent damage as vehicles drive onto the bridge. In addition, to
prevent damage during ingdlation of the bridge, a6 mm (0.25 in.) thick sted plate was attached to the end
of each web with 19 mm (0.75in.) diameter bolts. To fadilitate lifting of the bridge pands, lifting eyes were
placed 0.9 m (3 ft) from either sde of the bridge pand midspan. These eyes consisted of a51 mm (2in.)
indde diameter stedl pipe with a13 mm (0.5in.) thick sted plate flange welded to oneend. The eyeswere
ingdled in holes drilled through the bridge deck flanges and attached usng 19 mm (0.75 in.) diameter lag
screws. Theintent of thelifting eye wasto dlow achain or wire rope to be fed down through one eye and
back up through the other eyeto form ading. Then, the ends of the chain or wire rope could be attached
to a shackle or hook on a crane, loader, or backhoe. All sted plate, angles, lag screws, and bolts



conformed to ASTM A36 or ASTM A307. A primer coat of paint was applied to dl sted hardware
before installation. is a photograph of the lifting eyes being used.

The ged hardware was indtaled on the finished deck pands before they were shipped from the laminating
plant. The modules were then shipped to a treating facility where they were preservative treasted with
creosote to 194 kg/m® (12 Ibfft ®) in accordance with American Wood Preservers Association (AWPA)
Standard C14 (AWPA, 1991). The treating process had no detrimental effect on the sted hardware.
Also, the sted hardware did not gppear to affect preservative penetration or retention in the wood. The
inddlation of hardware before shipping to the treating fadility alowed the finished bridge to be ingdled with
no further fabrication or assembly on the part of the bridge owners.

Installation

Georgia Pacific Bridge

The bridge owned by Georgia Pacific Corporation was ingtaled for the first time on March 14, 1996 near
Newnan, Georgia Since that time, it was indtdled severa more times at Sitesin Georgia and Alabama.
Ingtallations were completed by personnd from Georgia Pacific Corp. and loca construction contractors

that were hired to ingd| the bridge.

Before congtruction began, spread footings were prefabricated by personne from Georgia Pacific Corp.

Thefootings congsted of slisthat were 762 mm (30 in.) wide and 4.9 m (16 ft) long and were congtructed
from nomind 152 by 152 mm (6 by 6 in.) Southern Pine timbers that were bolted together with 19 mm
(0.75in.) diameter balts. Thetimbers were presarvative treated with Chromated Copper Arsenate (CCA).

A typica ingdlation begins by clearing the road gpproach to one Sde of the sream crossing with acravler
tractor. The contractor then uses an excavator or backhoe to unload the bridge pands from atruck and
place them in astaging area near the stream crossing.  The backhoe is used to level each stream bank and
then reach across the stream to place the first Sll on the far Sde of the stream. At this point, the backhoe
cariesthefirg bridge pand from the staging area to the stream and places it on the sill as shown in{Figure
7. A chain or cable is placed through the lifting eyes on the bridge panel and secured in a hook on the
bucket of the backhoe to lift and carry the pand. The backhoe places the second pand in asmilar fashion.
After the second pand has been placed, the second silI can be pushed under the bridge panel ends on the
near Sde of the creek. At mogt Sites, it is not necessary to operate any equipment in the stream during the
ingdlaion. Therefore, Snce the sream channd is not disturbed, there will be minima water quaity impacts
during the ingalation. At the site near Reynolds, GA, the distance between the top edges of the stream
banks was dightly wider than the length of the bridge. Therefore, supplementary footings were condructed
by placing rip rap on the Sdes of the stream banks. The timber slls were then placed on therip rap. On
these wider streams, the backhoe can be placed in the center of the stream channd and then used to lift the
bridge pandsinto place.



Clearing the stream banks and placing the bridge panels has been completed in an average time of 2 hours.
After the pandls are in place, wire ropes are secured to the chain loops at each of the bridge corners and
to nearby trees to prevent movement of the bridge during flood events. This securing of the bridge requires
an additiond hour. Additiond time is then required to complete the final road approaches to the bridge.
Removd of the bridge is accomplished in amanner smilar to the ingdlation and has required an average
time of two hours.

Morgan County Bridge

The Morgan County bridge was ingaled on August 26, 1996 near Moulton, Alabama on a demongtration

forest Stethat isowned by Internationa Paper Corporation (formerly Champion Internationa Corporetion).
It has not been moved since the origing ingalation. Ingtalation was completed by personnd from aroad

congtruction contractor and Champion Internationd. Sillsto be used as spread footings Smilar to those

described for the Georgia Pacific bridge were constructed for the Morgan County bridge.

The bridge panels were unloaded at a staging area gpproximately 0.8 km (0.5 miles) from the stream ste
before the road was congtructed to the stream crossing. Once the road was cleared, the contractor pulled
the bridge panelsto the site using acrawler tractor as shown in[Figure 8] Thefirst panel was pulled as dose
as possible to the edge of the stream bank before the tractor was unhooked from the panel. Then the
tractor was positioned behind the pand and small logs were placed on the ground in front of the pane
(perpendicular to the direction of travel). Also, asmal log approximately 5 m (15 ft) long was placed on
the opposite stream bank (pardld to the direction of travel) with its base in the stream channdl and its top
near the top of the stream bank. The tractor then pushed the pand toward the stream channdl. Thelogs
laying perpendicular to the pane were used to help the bridge pand roll toward the stream crossing and
then once the forward end of the panel tipped downward into the stream channd, the panel did up thelog
laying pardlel to the pand as shown in[Figure 9. After the pandl wasin place, a.chain was atached to the
log that was laying againgt the stream channel; then the chain was atached to the tractor and the tractor
pulled the log out from under the bridge panel. The second panel was pushed into place using the same
procedure. At this point, workers attached a chain to the ends of each panel and to the blade on the
crawler tractor. Then the tractor picked up the pands and made find adjustments in their position to
achieve the correct dignment of the pandls.

After the panels were in place, the sills were pushed under the panel ends by the crawler tractor. Then,
wire ropes were secured to the chain loops a each bridge corner and then to nearby trees. Thetota time
to ingdl the bridge was three hours. 1t is anticipated that remova can be accomplished in asmilar manner.

Cost

Georgia Pacific Bridge

Cod for the materids, fabrication, treating, and shipping of the glulam bridge was $17,000. Based on a
deck area of 44.6 v (480 ft %), the cost was approximately $381/n ($35/ft?). The cost for the sillswas
$600. The average cost for labor and equipment to ingtal and remove the bridge was $1,000. This cost




included $540 for the excavator cost, $300 for trucking costs, and $160 for additional labor. Therefore,
the totdl cogt to ingtdl this bridge one time was $18,600. The projected totd cost to ingdl and remove the
bridge a 10 different sites was $10,000. When thiswas added to the initid cost of the bridge and mud s,
the estimated total cost of the bridge system, distributed over 10 sites, was $27,600 or $2,760 per Site.

For the larger size streams where this bridge was used, this cost was less than the cost of ingdling
traditiona fords or culverts.

Morgan County Bridge

Cogt for the materials, fabrication, tresting, and shipping of the glulam bridge was $14,000. Based on a
deck area of 39.0 n7 (420 ft?), the cost was approximately $359/n¥ ($33/ft?). The cost for the sills, cable
and associated hardware was $825. The cost for labor and equipment to ingtal and remove the bridge was
$1095. Therefore, thetotd cot to ingal and remove this bridge the firgt time was $15,920. The projected
total cost to ingtal and remove the bridge at 10 different sites was approximately $10,950. When thisis
added to the initid cost of the bridge and the sills, the estimated tota cost of the bridge system, digtributed
over 10 sites, was $25,775 or $2,578 per site. This cost per site was very competitive with the cost of
ingaling permanent culverts or fords on the larger streams where this bridge was used.

BRIDGE EVALUATION AND MODELING

METHODOLOGY

The monitoring plans for the bridges caled for stiffness testing of the individud lumber laminations prior to
the faborication of the deck panels and the completed glulam deck pands after fabrication. In addition, static
load test behavior and general bridge condition were assessed. Modding procedures involved comparing
diffness results predicted by transformed section and finite eement models to giffness results from datic
tests of the bridge modules. These evauation and modeling procedures are discussed in the following
sections.

Lamination and Finished Bridge Deck Panel Stiffness Tests

Modulus of dadticity (MOE) tests were performed a the laminating plant prior to fabrication of the deck
pands to determine the stiffness of each lumber specimen used in the flanges and webs. These tests were
conducted usng commercidly-available transverse vibration equipment. During the tests, an identification
number and the MOE was placed on each lumber specimen to fadilitate resorting the lumber at alater time,

After fabrication of the deck panels was complete, atic bending tests were conducted to determine the
apparent MOEs of each pand. These bending tests were conducted using atesting frame a the laminating
plant and condsted of gpplying asingle point load at the center of each deck pandl. A sted beam was used
to digtribute the load across the width of the flange. The panels were placed in the test jig as they were
intended to be ingdled in the field; i.e., the bearings were placed under the flange overhangs & the end of
the bridge immediatdy adjacent to the end of the webs. Thisresulted in test spans (from center of bearing



to center of bearing) of 11.28 m (37 ft) and 9.8 m (32.25 ft) for the Georgia Pacific and Morgan County
bridges, respectively. | Figure 10 is a photograph of the test setup at the laminating plant.

During testing, deflection readings were taken with dia gagesand LVDT=s a severd locations dong the
length of the pandls. at each bearing, approximately 610 mm (24 in.) from each bearing, and at midspan.

Force was gpplied to the panels using a hydraulic cylinder and was measured by a load cell placed
between the hydraulic cylinder and the deck pands. During the tests, the force was steadily increased to
goproximately 66.72 kN (15,000 Ibs) with deflection readingstaken at 11.12kN (2,500 Ib) intervdls The
maximum force used in the tests resulted in a bending moment gpproximately 70% and 77% of the design
moments for the Georgia Pacific and Morgan County bridges, respectively. Deflection readings were
recorded to the nearest 0.025 mm (0.001 in.). These force and deflection data were then used to calculate
the gpparent static bending MOEs and stiffnesses of the deck panels.

Analytical Assessment of Bridge Panel Stiffness

At the concluson of the gtiffness testing of the lumber, a transformed section andyss was used to develop
atarget AE-rated) layup for the flanges and webs. This layup, which is shown in[Figure 11] consisted of
5 different lumber groups. The MOE vaues shown in[Figure 11{represent the target mean MOE of the
lumber used in the flanges or in the various laminations of thewebs. Personnd in the laminating plant were
able to sort the lumber into the different MOE classes and place the lumber laminations in the desired panel
locations during the manufacturing process. The identification numbers for the boards used in the flanges
and the identification numbers and locations of each board used in the webs were recorded during the
fabrication process.

After fabrication of the bridge panels, the lumber stiffness and location data were then used as input for two
different andytica models. 1) atransformed section analyss computer program developed a the USDA
Forest Products Laboratory, and 2) a finite eement model developed using the commercidly available
software package Algor7. The modeds were used to predict the stiffnesses of the finished deck pands for
comparison with static bending test results.

In the transformed section analys's, the lumber properties data were input for consecutive 610 mm (24 in.)
long segments dong the length of the pands. Actud lumber stiffness data were input for each lamination
inthe webs. For the flange properties, the mean MOE of the lumber used in each flange was used in the
andyses. The andyses were conducted for asingle point load gpplied a midspan (to correspond to static
bending tests described earlier). The mode calculated various section properties, stiffnesses and MOE
vaues, and bending stress levels as a function of applied load.

In addition to the transformed section andysis, finite eement models were created for each bridge pand.
These mode's were based on the same actua lumber data used in the transformed section andyss. Since
the MOE of the lumber varied throughout the cross section, the models may be referred to as Anon-
homogeneous.i. The finite dement models consisted of a mesh of three-dimensonda brick dements
arranged to mimic the actud bridge panels. Thefinite dement modds were used to modd bridge deflection
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as well asto determine the gpparent stiffness and MOE of each bridge panel. For bridge deflection, the
models for each bridge pand were |oaded with the same center point load used during each static bending
test and the bearing conditions for each test were imposed upon the moddls. For stiffness determination,
a theoretica center point load was imposed upon the bridge panel models and dso on smilar
Ahomogeneousi) models of each bridge pand. The homogeneous modd was congtructed with a uniform
MOE over the entire cross section. The MOE of the homogeneous mode was adjusted until the deflections
of both the non-homogeneous modd and the homogeneous modds matched. At that point, the vaue of
MOE in the homogeneous mode was considered equa to the gpparent modulus of eadticity of the bridge
pand predicted by the non-homogeneous finite eement modd.

Field Load Test Behavior

Georgia Pacific Bridge

A datic field test of the Georgia Pacific bridge was conducted on June 4, 1996, approximately 3 months
after firg inddlation of the bridge. The test conssted of positioning afully-loaded truck on the bridge deck
and measuring the resulting deflections a a series of transverse locations a midspan and as close as possible
to the footings. Deflection measurements were taken prior to testing (unloaded), for each load case
(loaded), and a the concdlusion of testing (unloaded). Measurements of bridge deflection from an unloaded
to loaded condition were obtained by placing cdibrated rules on the deck underside and at the bridge
footings and reading values with a surveyors levd to the nearest 0.2 mm (0.01 in.).

The load test vehicle conssted of a fully loaded tandem-axle dump truck with a gross vehicle weight of
161.1 kN (36,220 |b) and atrack width at the rear axles of 1830 mm (72 in.)|(Figure 12)| Measurement
of whed line loads indicated that the right Sde of the rear axles was approximately 4.4 kN (1,000 Ib)
heavier than the left Sde. The vehicle was positioned longitudinaly on the bridge so thet the two rear axles
were centered at midspan. This resulted in maximum bending moments gpproximately 55% of the design
moment. Transversdly, the vehicle was placed for four load cases as shown i For Load Cases
1 and 3, the vehicle whed line was positioned directly over the pand outsde web. For Load Cases2 and
4, the vehicle was pogitioned with the truck whed line over the flange centerline at the center of the panel
width. A photograph of the load test is shown in|Figure 14.

Morgan County Bridge

A datic fidd test of the Morgan County bridge was conducted on September 10, 1998, which was nearly
two years after ingdlation. Although dynamic tests were also conducted on this bridge, their results are
presented in a separate report. The dtatic test consisted of positioning aloaded truck on the bridge deck
and measuring the resulting deflections a a series of transverse locations & midspan and as dose as possble
to the footings. Deflection measurements were taken prior to testing (unloaded), for each load case
(loaded), and a the conclusion of testing (unloaded). Measurements of bridge deflection from an unloaded
to loaded condition were obtained by placing Ceesco Model PT101 direct current displacement
transducers (DCDT-=s) on the deck undersides at midspan and a the footings. Data from the DCDT=swere
recorded through an eectronic data acquisition module, which wasin turn connected to alaptop computer.
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Dueto alimited number of DCDT-=s, only one bridge module at atime was ingrumented with DCDT-s.
Therefore, each panel was tested separately. Load test photos are shown id Figures 1§| and 16.]

The load test vehicle consisted of aloaded tandem-axle flatbed truck with a gross vehicle weight of 172.2
kN (38,720 Ib) and a track width at the rear axles of 1830 mm (72 in.)| (Figure 12).| The vehicle was
positioned longitudinaly on the bridge so that the two rear axles were centered at midspan. Thisresulted
in maximum bending moments gpproximatdy 52% of the desgn moment. Transversdly, the vehicle was
placed for three load cases on each panel as shown i For Load Cases 1 and 3, the vehicle
whed line was postioned directly over the pand outside and inside webs, respectively. For Load Case
2, the vehicle was positioned with the truck whed line over the flange centerline at the center of the panel
width. Although these tests were conducted in adightly different manner than those of the Georgia-Pacific
bridge, the net effects on the bridge modules are essentialy the same.

Condition Assessment

The generd condition of the Georgia Pacific bridge was assessed at the time of the first load test on June
4, 1996, and on November 15, 1996, April 2, 1997, and July 18, 1997 . The condition of the Morgan
County bridge was assessed on July 31, 1997 and November 13, 1998. These assessments involved visua
ingpection of the bridge components, measurement of moisture content of the wood members with a
res tance-type moisture meter, and photographic documentation of bridge condition. During the inspection
of the Morgan County bridge conducted in 1998, core samples were taken for subsequent laboratory
determination of wood moisture content. Items of specific interest included the condition of the top surface
of the deck pand flanges, the bottom face of the webs, the curb system, and anchorage systems.

RESULTS AND DISCUSSION

The performance monitoring of the bridges is complete. Results and discussion of the modding and
performance data follow.

Lamination and Bridge Panel Stiffness

Test resultsfor the lumber are summarized i The lumber used to fabricate the flanges was nomina
50 by 203 mm (2 by 8in.) No. 1 Southern Pine. Results of MOE tests on the lumber used in the Georgia
Pecific bridge pand flanges prior to gluing indicated thet it had a mean flaiwise MOE of 18,126 MPa
(2.629 million pg) with a coefficient of variation (CV) of 17.3%. The flatwise MOE can be converted to
an edgewise vadue by applying a flatwise adjustment factor of 0.965 (Williamset d., 1992). Thisresulted
in amean edgewise MOE of 17,493 MPa (2.537 million ps). Results of tests on the lumber used in the
Morgan County bridge flanges indicated thet it had a mean flatwise MOE of 17,885 MPa (2.594 million
ps) withaCV of 17.4 %. The corresponding mean edgewise MOE was 17,258 MPa (2.503 million ps).

The lumber used to fabricate the webs of the bridge panels was nominal 50 by 305 mm (2 by 12 in.)

Southern Pine graded a the laminating plant to meet the specifications of 302-24 tenson laminations
(AITC, 1993). Results of MOE tests on the lumber used in the Georgia Pecific bridge webs indicated that
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it had amean flatwise MOE of 16,955 MPa (2.459 million ps) witha CV of 12.5%. The mean flawise
MOE of the lumber used in the Morgan County bridge webs was 16,104 MPa (2.336 million pg) with a
CV of 17.0%.

Bending test data were used to cdculate the stiffnesses (MOE x ) and MOE of the finished bridge deck
panels. These data are shown in[Table 2 For the Georgia Pacific bridge Panels 1 and 2 respectively, the
dtiffness results were 1.46 x 10™ kN-mm? (51.0 million kip-in?) and 1.42 x 10" KN-mn? (49.5 miillion kip-
irf). When the full cross sections of the bridge pandls were used to calculate the moment of inertia, the
corresponding MOE vaues were 16,341 MPa (2.37 million ps) and 15,858 MPa(2.30 million ps). For
the Morgan County bridge Pandls 1 and 2, the stiffness results were 1.34 x 10™ kN-mn? (46.7 million kip-
irf) and 1.43 x 10™ kN-mm? (50.0 million kip-ir?). When the full cross sections of the bridge panels were
used to cdculate the moment of inertia, the corresponding MOE vaues were 14,962 MPa (2.17 million
ps) and 15,996 MPa(2.32 million ps). Based on the force-deflection plots from these tests, dl of the deck
pands gppeared to exhibit linear eagtic behavior up to the maximum loads used in the tedts.

Analytical Assessment of Bridge Panel MOE

Transformed Section Analysis

Data for the location of each board and its corresponding MOE were used as input to the transformed
section program. The transformed section analysi's used lumber dataiinput for consecutive 610 mm (24-in.)
long segments dong the length of each lamination. This andyss assumed that there was complete
composite behavior in the double-tee deck pand andtha the cross section of the pane was uniform across
the entire gpan. The latter assumption was not entirdy accurate Since the webs were tepered near their ends
and the flanges extended past the end of the webs.

Predicted deflection results for the bridge modules are shown in[Tables 3ang 4. | The deflection resultsin

Table 3jare based on asingle 44.5 kN (10,000 Ib) load applied at midspan (as in the satic bending tests

conducted a the laminating plant). The data show that the transformed section mode predicted maximum
pand deflections with good accuracy. The predicted midspan deflections were within 2% of the test values
for dl pandls except Georgia Pacific Pand 2. [Table 4]contains deflection results corresponding to the Static
field tests of the bridge panels. These vaues are based on the actual loads reported earlier for the truck
axles. Agan, the modd predicted maximum panel deflections with good accuracy. Differences between
predicted and actua deflection vaues ranged from 0.5% to 7%.

Siffness results for the analytical assessment are summarized inTable 5] Based on the transformed section
andysis of the origind target E-rated layup, the theoreticd predicted stiffness and MOE for dl the deck
panels were 1.60 x 10" kN-mm? (55.8 miillion kip-ir®) and 17,858 MPa(2.59 million psi), respectively.
When the full cross section is used, the moment of inertia of the pandswas (21,532 in*) When the actual
lumber MOE data were used in the transformed section andysis, the predicted MOE for Georgia Pecific
Panel 1 was 17,651 MPa (2.56 million ps) versus an actual MOE of 16,341 MPa(2.37 million ps). For
Georgia Pecific Pand 2, the predicted MOE was 17,238 MPa (2.50 million ps) versus an actua MOE of

13



15,858 MPa (2.30 million ps). For both bridge pands, the transformed section model overpredicted the
actua MOEs by approximately 8.5%.

The predicted MOE for Morgan County Pand 1 was 16,892 MPa(2.45 million ps) versus an actud MOE
of 14,962 MPa(2.17 million ps). For Morgan County Panel 2, the predicted MOE was 17,927 MPa
(2.60 million ps) versus an actuad MOE of 15,996 MPa (2.32 million ps). For both bridge panels, the
transformed section model overpredicted the actua MOEs by approximately 12.5%.

Finite Element Analysis

As in the trandformed section analyss, the actua lumber data were used as input for the finite eement
models. Resuts from the finite dement deflection modeling are summarized irf Tables 2 and 3| When
predicting deflection behavior under the conditions of the static bending tests, the finite dement mode
predicted maximum deflections with greater accuracy than the transformed section mode (within 1% on
average). Also, when modeling deflection performance during the field load tests, the finite dement model
results were within 2% of the actua deflections, on average.

Stiffness resuits from the finite element modeling are summarized in When the panels were
supported on the flanges (asin the datic bending tests), the predicted MOE for Georgia Pacific Pand 1 was
18,203 MPa(2.64 million pg) versus an actud MOE of 16,341 MPa (2.37 million ps). For Georgia
Pecific Pand 2, the predicted MOE was 18,203 MPa(2.64 million ps) versus an actua MOE of 15,858
MPa (2.30 million ps). For both bridge panels, the finite e ement modd overpredicted the actual MOEs
by approximatdy 13%.

The predicted MOE for Morgan County Pandl 1 was 17,858 MPa (2,59 million ps) versus an actud MOE
of 14,962 MPa(2.17 million psi). For Morgan County Panel 2, the predicted MOE was 18,548 MPa
(269 million ps) versus an actuad MOE of 15,996 MPa (2.32 million ps). For both bridge panels, the
finite dement moded overpredicted the actual MOESs by approximately 18%.

Discussion

Both the transformed section and finite e ement modes overpredicted the actua MOEs of the panelswith
the finite dement modd predicting the highest MOE vdues 1t gopearsthat the rdaively smple trandformed
section modd predicts the stiffness of the pandswith sufficient accuracy.  The differencesin predicted and
actua pand MOEs may have been due, a least partidly, to test conditions where the overhanging flange
supported the bridge deck pand. Thistest setup probably resulted in alossin gpparent siffness of the deck
pand dueto shear lag. Another factor affecting the agreement between vaues predicted by the transformed
section modd and the actud vaues is the assumption, in the transformed section andyses, of a uniform
cross section for the entire length of the bridge pand. As discussed earlier, the actud webs are tapered
near their ends, which results in different section properties for portions of the bridge. The finite eement
model, however, was developed to account for the tapered webs and the overhanging flanges. Another
factor contributing to the differences between predicted and actua resultsis the reduction in actua cross
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section due to the vertica holes drilled through the webs and flanges. Both the transformed section and
finite e ement model s assumed the cross-section to be uniform throughout the bridge span. These localized
reductionsin the moment of inertia would have resulted in some reduction in the modulus of eagticity of
the bridge modules.

Load Test Behavior
Transverse load test deflection plots for the Georgia Pacific and Morgan County bridges are shown in
Figures 18 jand 19,|respectively, as viewed from the south end (looking north). For each load test, no

permanent residud deformation was measured at the conclusion of the testing. Additiondly, there was no
detectable movement at either of the footings. However, when testing the Morgan County bridge, it
gppeared that the webs of both panels were resting on the stream banks. Therefore, the spread footings
were probably not supporting much of the bridge load.

Georgia Pacific Bridge
Figure 18 shows that for Load Case 1 and Load Case 3, the symmetry of loading resulted in deflection

profiles thet are approximately mirror images of one another. Deflection differences of corresponding data
points for the two positions were within approximatey 1 mm (0.04 in.). Maximum deflections for these
load cases occurred in Pand 1 and measured 16.2 mm (0.64 in.) at the outside pand edge for Load Case
1 and 16.5 mm (0.65 in.) at the interior pandl edge for Load Case 3. It is probable that the maximum
deflection for Load Case 1 occurred & the interior edge of Panel 2; however, deflections at that point were
not measured. The greater deflections recorded at the outside panel edges were expected since the truck
was loading the flange in its week axis.

For Load Case 2 and Load Case 4, deflections were nearly identical and differences a corresponding data
points for the two load cases are within 1. mm (0.04 in.). With the whed line centered on Panel 1 for Load
Case 2, the gpproximately uniform load digtribution across the pand width resulted in Smilar deflections at
each data point. For Load Case 4, it was anticipated that the Pand 2 deflections would aso be uniform
and approximately equa those for Pand 1, Load Case 2. The approximate 2.5 mm (0.10 in.) difference
in the Load Case 4 web deflections for Pand 2 was likely due to minor differences in the truck transverse
position. The maximum deflection recorded for Load Case 4 corresponded to a deflection vaue of
approximately L/975, at 55% of design bending moment.

Morgan County Bridge

[Figure 19}shows that for Load Case 1 and Load Case 3, the deflection profiles are very similar to those
of the Georgia Pacific bridge. The deflection profiles are dmost mirror images of one another with the
exception of the deflection reading from the outsde flange of Pand 2. Deflection differences of
corresponding data points for the two positions were generdly within 0.75 mm (0.03 in.) except for the
outsde flange of Pandl 2. Maximum deflections for these load cases occurred in Pand 1 and measured 5.8
mm (0.23in.) at the outsde pandl edge for Load Case 1 and 4.6 mm (0.18 in.) & the exterior web of Pandl
2for Load Case 3.
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For Load Case 2, deflections recorded for Pand 2 were as expected. However, resultsfor Panel 1 reved
that the exterior web and flange deflected more than the interior web and flange locations. Since the truck
tires were postioned in the center of the pand, this was not due to an error in loading.  One possible
explanation for thisinconsstency may be because the bridge panel webs were resting on the stream bank
(i.e, thetimber sl was not fully supporting the flange of the pand asthe design intended). In this case, the
s0il may have deflected under the load imposed by the truck and the bridge pand may have rotated during
thetest. With the whed line centered on Panel 1 for Load Case 2, the maximum deflection recorded was
3 mm (0.12 in.). These deflections are much smdler than what would be expected under the design load
because the actua span was less than the full design vaue. Using the estimated span, the load exerted by
the truck resulted in a bending moment approximately 52% of the desgn moment. The maximum
deflections under Load Case 2 corresponded to a deflection value of approximately L/2400.

Condition Assessment

Georgia Pacific Bridge

Ingpection 1. At thetime of thefirgt load test, which was conducted near Newnan, GA, very limited treffic
had used the bridge. Therefore, there was little overdl change from the bridgess origind condition. There
was asmal amount of damage to the outer face of the tengon lamination of one of the webs, however, the
damaged area did not gppear to sgnificantly reduce the structurd adequacy of the bridge. This gpparently
occurred during preparation for ingtalation when the panel was dragged on the ground. The smal amount
of overdl damage may be attributed to the use of the lifting eyes, which diminated the need for the
construction crew to wrap chains or cables around any exposed wood surfaces. Some surface checking
was noticed on the top surface of the flange, but it did not appear to affect the Sructura adequacy of the
flange. There were locations where excess creosote had accumulated on the top surface of the flange.

Inspection 2. The second ingpection occurred after the bridge had been ingaled near Reynolds, GA and
used by logging traffic gpproximately one month. The primary damage to the bridge pands conssted of
faluresin both of the curbs. While the curbs were il intact, the curb on Pand 1 displayed bending failures
near each end of the bridge pand. The curb on Panel 2 showed a similar fallure near one of the bridge
ends. These fallures were gpparently caused when the logging crew drove a dua-whed equipped skidder
acrossthe bridge. The outsde whed s of the skidder were too wide to fit on the bridge deck and therefore
ran dong the curb. Thisresulted in the curb ralls actudly supporting the entire weight of the skidder. Since
the curbs were designed for delineation purposes only, it is not surprising that the curbs failled under the
skidder loads.

Other features noted during this visit included severd checks on the bottom faces of two of the webs. The
checks appeared to propagate from holes drilled through the flanges and webs during fabrication at the
laminating plant. The damping hardware was placed through the holes while the glue cured. The holes are
25 mm (1in.) in diameter and are spaced gpproximately 305 mm (12 in.) gpart dong the length of the
webs. The checks occurred in one web of Pand 1 and one web of Pandl 2 and were located in regions
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centered about the bridge midpsan gpproximately 1.8 m (6 ft) long. At the time of this vigt, the largest
check in Pand 1 was approximately 300 mm (11.8in.) long and 30 mm (1.2 in.) deep. The largest check
in Pand 2 was gpproximately 300 mm (11.8in.) long and 15 mm (0.6 in.) deep.

Anather item recorded during the ingpection was aloose center digphragm on Pand 1. Also, dight damage
to the surfaces of two of the webs had gpparently occurred during the previous bridge ingtallation.

Inspection 3. Between the second and third ingpection visits, the Site had experienced severe flooding with

water depths as high as approximately 3 m (10 ft) above the original devation of the bridge deck.
20 shows the bridge as installed before the flood and[Figure 21] shows the bridge floating during the early

part of theflood. Although the bridge was held in place by cables, the flood waters had moved the pands

and when the water receded, Pand 1 was l€ft laying on its Sde with one end partialy submerged as shown

inFgure 22| Although the bridge pane s floated during the flood period, most of the panels remained below

the surface of the water with only the flanges and curbs visble. Personnd from Georgia Pacific estimated

that the bridge was in this condition for gpproximately 30 days.

During this vidt, no sgnificant damage was noted beyond what was observed at the second vist. The
checks noted in the second visit were reexamined and no sgnificant change was noted in their length or

depth.

Moisture contents were taken with ares sance type moisture meter with 25 mm (1in.) long pinsa severd
locations on the webs and flanges of the pands. The flange moisture content readings (on a dry-bass)
ranged from 16% to 41% with most readings between 20% and 30%. Web moisture content readings
ranged from 16% to 29%.

Inspection 4. After the third ingpection visit, the bridge was repositioned at the Ste and logging restarted
and continued for a one month period until the Site was flooded again.  This flooding period lasted for
approximately 45 days and floodwater depths similar to the previous events were experienced. After the
floodwater receded, the bridge was repositioned and logging activities were completed. At this point, the
logging contractor removed the bridge by using a grapple skidder to skid the pandls gpproximately 1.6 km
(1 mile) to agtaging area. The fourth inspection occurred after the bridge pandls were brought to this
daging area.

Severd areas of damage were noted during thisingpection. The most noticeable items gpparently resulted
from rough handling by the grapple skidder. 1t should be pointed out that using a skidder to remove the
panels and skid them for such distances was not the intended remova method for the bridge. Mogt of the
curb rail for Pand 1 was missing, with only short pieces near the pand ends remaining[(Figure 23)] It
appeared that the skidder had dragged the pand againgt atree and pulled the curb off of the flange. The
lag screws that held the two sted curb brackets to the flange were pulled out of the flange; however, it
gppeared that the flange was not significantly damaged. One end of the curb on Pandl 2 was aso broken
and pulled away from the sted bracket a the panel end. This gpparently resulted from taking the grapple
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of the skidder and clamping the end of the bridge to drag the bridge to the saging area. At the same
location where the curb was broken, the edges of the flange were aso gpparently damaged dightly by the
skidder grapple. Also, one of the sted angles attached to the end of Panel 2 was pulled loose from the

flange.

Another feature damaged during this remova was the stedl protector plates fastened to the ends of the
webs. On the ends of the panels that were dragged on the ground, the sted plates were peded back awvay
from the wood as shown in Thiswas the result of dragging the panels such along distance over
arough grave road. Because the pandls were Stting on the ground during the ingpection, there was no way
to determine if the webs were damaged.

Since the bottom surface of the webs could not be ingpected, no information could be obtained on the
condition of the checksin thewebs. However, a this point, severd checks on the top surface of the flanges
were observed. The mgority of the checks were found on Pandl 2. The checks ran longitudinaly aong
the flange surface with the largest checks near the holes drilled in the flanges as shown in[Figure 25/ The
largest checks were 24 mm (0.95in.) degp and 5 mm (0.19 in.) wide. It is possible that these checks were
present during the earlier visits, but were not observed due to the mud and grave that was on the surface
of the bridge. 1t was only during this vigt that it was possble to dean the bridge surface without interfering
with traffic usng the bridge. The checks dso could have been the result of the extended time thet the bridge
was partialy submerged in the water.

Moisture contents of the flanges were checked in amanner smilar to that described on the previous visit.
The flange moisture readings ranged from 15.7% to 27.5%. Web readings were not taken because of
limited access to the webs.

One other feature was noted when looking at the ends of the pandls. Both panels appeared to have a very
dight positive camber across the width of the flanges, with the highest points near the pand centerline. This
may be due to increased moisture contents on the top surface of the flanges rdative to the lower sides of
the flanges. Although severd items were damaged after the last removal of the bridge, none of the damage
appeared to have been sgnificant enough to affect the structura adequacy of the bridge.

Morgan County Bridge

Inspection 1. Thefirst detailed inspection occurred after the bridge was in service for 11 months. The
bridge had received only light vehicular traffic during this time. No damage was observed during the
indalation or during this period of use.

Minor surface checking was observed on the surface of Pand 2. Thelargest check on the surface of the
flange of Pand 2 was 10 mm (0.38in.) deep, 2 mm (0.10 in.) wide, and 1.7 m (66 in.) long. These checks
did not appear to be associated with the holes drilled through the flanges. No checks were observed on
the surface of the flange of Pand 1. Severd large checks, smilar to those on the Georgia Pacific bridge,
were observed on the bottom surfaces of the webs of both pands. Again, the checks gppear to propagate
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from the holes drilled through the webs. The largest check on the webs of Panel 1 was 33 mm (1.31in.)
deep, 3mm (0.13in.) wide, and 518 mm (20.4 in.) long. The largest check on the webs of Pand 2 was
35 mm (1.38in.) degp, 4 mm (0.16 in.) wide, and 305 mm (12 in.) long. At this point, the checks do not
appear to have affected the structura adequacy of the bridge. As with the Georgia Pecific bridge, both
pands gopeared to have avery dight podtive camber across the width of the flanges, with the highest points
near the pand centerline. Moisture contents in the webs ranged from 16.5% to 21.5%. Asde from the
checks in the webs, the bridge appeared to be in very good condition overdl.

Inspection 2. The second detailed ingpection occurred after the bridge had been ingtaled gpproximately
two years. The bridge had Hill only received light traffic over the two-year period. No damage was
observed since the previous inspection vist and the bridge still gppeared to be in very good condition
overdl.

Surface checks on the flange of Pand 2, which were observed in the first vist, did not gppear to have
changed in length or width since the firgt vist, athough the maximum depth of the check was measured a
12 mm (0.5in.). Asinthefirg vigt, no checks were observed on the surface of Panel 1. The checks
observed on the webs of Pand 1 do not gppear to have increased in their depth; however, the maximum
width hasincreased to 10 mm (0.38in.). Checks observed on the webs of Pand 2 do not appear to have
changed in length or depth; however, the maximum width hasincressed to 8 mm (0.31in.). [Figure 26 |s
a photograph of these checks. Moisture contents in the webs ranged generaly from 17.3% to 28.7% with
one outlier value of 41.9%. The dight camber observed in the flange was till evident during this second

ingoection.

SUMMARY AND CONCLUSIONS

Based on a two-year program of modding and testing, the longitudina T-section glulam deck bridges
performed well and should continue to provide acceptable service as portable logging bridges. The
following specific conclusions can be made:

1. Itisfeasble and practical to congruct alongitudind glulam deck pand in a double-tee cross section.

2. Thetotd timeto ingal the bridgeswas less than 3 hours. Inddlations were easily accomplished using
common congruction equipment. In the typica ingtdlations, there was no disturbance of the stream
channdls, and therefore there were no water quality impacts during congtruction activities.

3. The costs of the Georgia Pacific and Morgan County bridge supersiructures were $381/nt* ($35/ft%)
and $359/n? ($33/ft%), respectively. These costs are competitive with other timber bridge
superstructure systems.  The estimated cogts for ingtalation and remova of the bridges at 10 different
stes were $2,760 and $2,578 per ste, for the Georgia Pacific and Morgan County bridges,
respectively. These costs compared very favorably with the costs of ingtaling other traditional stream
crossing structures on Smilar Sze streams.
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. Static bending test results indicated that the T-section glulam decks exhibited linear eastic behavior
when subjected to loads approaching their design loads.

. Both trandformed section and finite eement modes overpredicted the stiffnesses and MOESs of the
pands. The gtiffness and MOE vaues predicted by smple transformed section andyses were 8.5%
and 12.5% higher than those measured in static bending tests of the Georgia Pacific and Morgan
County bridges, respectively. Stiffness and MOE va ues predicted by the finite eement models were
approximately 13% and 18% higher than test values for the Georgia Pacific and Morgan County
bridges, respectively. Although the finite dement modd is more powerful, it appears that the
transformed section model predicted overdl pand stiffnesses that agreed more closdy with the actud
datic bending test results.

. Reallts from datic load tests of both bridges indicated that the T-section glulam deck exhibited
acceptableleves of deflection. The maximum midspan deflections recorded when the truck whed lines
were postioned near the center of the pand were equivaent to L/975 at 55% of design bending
moment for the Georgia Peacific bridge and L/2400 at 52% of design bending moment for the Morgan
County bridge.

. When handled properly, the bridges performed well with minima damage. Rough handling by agrapple
skidder resulted in damage at severd locations on the Georgia Pecific bridge.

. Large checks developed at severd locations on the webs of both bridges and on the top surface of the
flange on one of the Georgia Pacific bridge panels. These checks appear to be related to holes that
were drilled through the flanges and webs during fabrication of the panels. The checks gppeared to
increase in Size during the monitoring period; however, they did not gppear to have significantly affected
the structurd adequiecy of the bridges.  Alternative fabrication techniques would probably diminate this
problem for future bridges.
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Table 1. Results of MOE tests on individual lumber specimens for the Georgia Pacific
bridge and the Morgan County bridge. Both web and flange lumber data are
flatwise MOEs.

Web Lumber Flange Lumber
M odulus of Elagticity Modulus of Elasticity
Georgia Pacific Morgan County Georgia Pacific Morgan County
Bridge Bridge Bridge Bridge

Mean 16,955 M Pa 16,204 MPa 18,126 MPa 17,885 MPa

2.459 million psi 2.336 millionpsi 2.629 million psi 2.594 miillion psi
Coefficient of 125% 17.0% 17.3% 17.4%
Variation
Number of Boards 108 108 297 300

22



Table 2.

Results of static bending tests of bridge panels.

Actual MOE from Actual Stiffness
Bending Test (MOE*I) from Bending
Test

Geor gia Pacific 16,341 MPa 1.464 x 10" N-mn7*
Pand 1 2.370 million psi 51.02 million kip-in®
Geor gia Pacific 15,845 MPa 1.420 x 10" N-mn?
Panel 2 2.298 million psi 49.48 million kip-in®
M organ County 14,966 M Pa 1.341 x 10" N-mn?
Panel 1 2.171 millionpsi 46.74 million kip-in®
Morgan County 15,999 M Pa 1.434 x 10" N-mm?
Panedl 2 2.320 million psi 49.96 million kip-in®

Table 3. Deflection results from static bending tests and analytical models. Deflections
listed are those measured or predicted based on a concentrated 44.5 kN

(20,000 Ib) load at midspan.

Actual Deflection at Predicted Deflection at Predicted Deflection at
Midspan Midspan from Midspan from
from Static Bending Test | Transformed Section Finite Element Model
Using Center Point Load Model

Georgia Pacific 9169 mm 9.334 mm 8.834 mm

Panel 1 0.3610in. 0.3675in. 0.3478in.

Georgia Pacific 8202 mm 9507 mm 8.964 mm

Panel 2 0.3229in. 0.3743in. 0.3529in.

Morgan County 6.093 mm 6.223 mm 6.124 mm

Pand 1 0.2399in. 0.2450in. 0.2411in.

Morgan County 5972 mm 5.862 mm 5870 mm

Panel 2 0.2351in. 0.2308in. 0.2311in.
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Table 4. Deflection results from field load tests and analytical models. Deflections listed
are those measured or predicted based on the actual loads shown in Figure 12.

Actual Deflection at Predicted Deflection at Predicted Deflection at
Midspan Midspan from Midspan from
from Field Load Test Transformed Section Finite Element Model
Model

Georgia Pacific 10.874 mm 11621 mm 10.8%4 mm

Pandl 1 0.4281in. 0.4575in. 0.4289in.

Georgia Pacific 10.749 mm 10.696 mm 9.995 mm

Pand 2 0.4232in. 0.4211in. 0.3935in.

Morgan County 3.683 mm 3480 mm 3670 mm

Pandl 1 0.1450in. 0.1370in. 0.1445in.

Morgan County 3.048 mm 3269 mm 3518 mm

Panel 2 0.1200in. 0.1287in. 0.1385in.

Table 5. Comparison of stiffness results from static bending tests and predictions by the

transformed section analysis.

Stiffness from MOE from Stiffness from MOE from Per Cent
Static Bending Static Transformed Transformed Difference
Test Bending Section Analysis Section Analysis | Between
Test Experimental
and Predicted

Georgia Pacific | 1.464x10™ N-mnv 16,338 Mpa | 1.585x10™ N-mnt 17,686 Mpa 8.2%

Panel 1
51.02x10° kip-in® 237x10° psi | 55.23x10° kip-in® 256x10° psi

Georgia Pacific | 1.420x10™ N-mn? 15844 Mpa | 1546x10" N-mn? 17,251 Mpa 8.9%

Panel 2
49.48x10° kip-in® 230x10° psi | 5387x10° kip-in® 2.50x10° psi

Morgan County | 1.341x10" N-mn? 14967 Mpa | 1.511x10" N-mn? 16,865 M pa 12.7%

Panel 1
46.74x10° kip-in® 217x10° psi | 5267x10° kip-in® 245x10° psi

Morgan County | 1.434x10" N-mn 15999 Mpa | 1610x10" N-mn? 17,961 Mpa 12.3%

Panel 2

49.96x10° kip-in? 23210°psi | 56.09x10° kip-in® 2.60x10° psi
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Table 6.

Comparison of stiffness results from static bending tests and predictions by the
finite element analysis.

Stiffness from MOE from Stiffness from MOE from Finite | Per Cent
Static Bending Static Finite Element Element Difference
Test Bending Analysis Analysis Between
Test Experimental
and Predicted
Geor gia Pacific | 1.464x10™ N-mnt 16,338 Mpa | 1.631x10" N-mn? 18,203 M pa 11.4%
Panel 1
51.02x10° kip-in® 237x10° psi | 55.77x10° kip-in® 2.64x10° psi
Georgia Pacific | 1.420x10™ N-mn? 15844 Mpa | 1.631x10" N-mn? 18,203 Mpa 14.9%
Panel 2
49.48x10° kip-in® 230x10° psi | 57.92x10° kip-in® 2.64x10° psi
Morgan County | 1.341x10" N-mn? 14,967 Mpa | 1.600x10™* N-mn? 17,858 Mpa 19.3%
Panel 1
46.74x10° kip-in® 217x10° psi | 56.84x10° kip-in® 259x10° psi
Morgan County | 1.434x10" N-mn 15999 Mpa | 1.662x10" N-mn? 18,548 Mpa 15.9%
Pand 2
49.96x10° kip-in? 23210°psi | 56.84x10° kip-in® 2.69x10° psi
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Figure 1. Sketch of the bridge installations showing overall dimensions of the portable
longitudinal T-section glulam bridges.
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Figure 2. Cross section view of the longitudinal T-section glulam deck panels with the curb

rail attached. Diaphragms and connectors are omitted for clarity.
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Figure 3. Finished T-section glulam deck modules in preparation for shipment to
preservative treatment plant.

Figure 4. T-section glulam deck modules during fabrication in the laminating plant. The
deck module is shown upside down.
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Figure 5. Curb rails and steel hardware on the finished T-section bridge module.

Figure 6. Workers place chains through the steel reinforced lifting eyes before moving the
bridge module.
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Figure 7. Installation of a bridge module using a typical excavator.

Figure 8. Bridge modules can be skidded short distances to the site using typical
construction equipment.
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Figure 9. The Morgan County bridge module is being pushed into place by a crawler
tractor.

Figure 10.  Static bending test of bridge modules at the laminating plant.
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Figure 11.

Figure 12.

| |
‘ ‘ ‘ ‘ 17.9 GPa (2.6 million psi)

14.5 GPa (2.1 million psi)
14.5 GPa (2.1 million psi)
15.8 GPa (2.3 million psi)
15.8 GPa (2.3 million psi)
17.2 GPa (2.5 million psi)
17.2 GPa (2.5 million psi)
17.2 GPa (2.5 million psi)
20.0 GPa (2.9 million psi)
20.0 GPa (2.9 million psi)

Theoretical distribution of lumber MOE classes in the T-section glulam deck
panels.

Truck used for Georgia Pacific

Bridge test
54.3 kN 54.3 kN 52.6 kN
(12,200 Ib) (12,200 Ib) (11,820 Ib)
GVW =161.2 kN
(36,220 Ib)
14m 4.04 m _
(4.441) (13.25ft)

Truck used for Morgan County

Bridge test
65.7 KN 65.7 kN 40.7 kN
(14.780Ib) (14,780 1b) (9,160 Ib)
GVW =172.2 kN
(38,720 Ib)
13m | 50m -
(4.331t) (16.375 ft)

Load test truck configurations and axle loads. The transverse vehicle track
width, measured center-to-center of the rear tires, was 1.8 m (6 ft) for the truck
used in the Georgia Pacific test and 1830 mm (72 in.) for the truck used in the
Morgan County test.
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Figure 13.  Transverse load positions (looking north) and deck panel numbers for the load
test of the Georgia Pacific bridge. For all load cases, the two rear axles were
centered over the bridge centerspan.

Figure 14. Load test of the Georgia Pacific bridge.
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Figure 15.  Load tests of the Morgan County bridge.

Figure 16. Placement of DCDT'’s under the Morgan County bridge during the load tests.
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Figure 17.  Transverse load positions (looking north) and deck panel numbers for the load
test of the Morgan County bridge. For all load cases, the two rear axles were
centered over the bridge centerspan.
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Transverse deflection for the load test of the Georgia Pacific bridge measured

at the bridge centerspan (looking north). Bridge cross-section and vehicle
positions are shown to aid interpretation and are not to scale.

35



[ IL IL
Panel 2 Panel 1 Panel 2 Panel 1
| [ Jrwez[ T Jeaei] ] | g1 [
—s g~ _
5 5
B T 1oF
E -10f E10
c
8 -1sf S-15F
8 201 g-20r
o5} Load Case 1 25} Load Case 2
1 1 1 1 1 1 _ 1 1 1 1 1 1
80, -1.5 -1 0.5 0 05 1 15 2 30, -15 1 0.5 0 05 1 15 2
Distance from centerline (m) Distance from centerline (m)
Panel 2 Panel 1
0
st -
T 1ok
E -10
c
2 -15F
o
=
8 -20f
25; Load Case 3
1 1

.30 1 1 1 1 1
-2 -15 -1 -0.5 0 05 1 15 2

Distance from centerline (m)

Figure 19.  Transverse deflection for the load test of the Morgan County bridge measured
at the bridge centerspan (looking north). Bridge cross-section and vehicle
positions are shown to aid interpretation and are not to scale.
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Figure 20.  Georgia Pacific bridge being used before flood.

Figure 21.  Georgia Pacific bridge in early stages of flood. This photograph illustrates the
importance of securing the bridge to nearby trees.

37



Figure 22.  Georgia Pacific bridge after floodwaters had receded. The bridge was
subsequently repositioned and the timber harvesting operation was completed.

——
[

Figure 23.  Broken curb rail on the Georgia Pacific bridge after a removal by a grapple
skidder.
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Figure 24.  Bent steel protector plates on the webs of the Georgia Pacific bridge after
skidding a long distance over a gravel road.

Figure 25.  Checks in the top surface of the flange of the Georgia Pacific bridge.
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Figure 26.  Checks in the top surface of the flange of the Morgan County bridge.



