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1 INTRODUCTION

1.1 Background

Historically, the District Offices of the West Virginia Department of Transportation,
Division of Highways, have been responsible for the construction, maintenance, and repair of
many bridges that utilize transverse, timber,-teaiinated deck systems p&d on steel wide
flange girders. Although many of tbebridges have standard roadway widths of 32 ft (9.8 m) or
more, some bridges are configured witllths of only 12 to 14 ft (3.7 .3 m), as measured curb
to curb. Since several narrow bridges exfstre has been a need to use apogfile railing system
in order to allow for the passage of large trucks and house trailers across these bridges.

According to Section 3.2.2 of the West Virginia Bridge Design Manual, all new or
replacement bridge barriers shall meet or ex@eerentcrash testing criteria. Unfortunately, no
crashworthycurb-type bridge railing systems have been developed for use on transverse, timber,
nail-laminated bridge deck#iowever, several lovineight, curbtype bridge railings have been
developed for longitudinaglue-laminated,timber bridge decks1f4]. One of these railings
developed at the Midest Roadside Safety Facility (MWRSF) was successfully crash tested to
meet theTest Level 1 TL-1) safety performancecriteria found inthe National Cooperative
Highway Research Program (N&P) Report No. 350Recommeded Procedures for the Safety
Performance Evaluation of Highway Featufés It was believed that this cutlype bridge railing
could be modified to satisfy the TL safetyperformance criteria established time proposed
Update to NCHRP Report No. 358w referred to as thidanual for Assessingafety Hardware

2008 (MASHO8) [6].
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1.2 Research Objective

For this project, the research objectiasto adaptan existing, crashworthy, FL curb-
type bridge railing for use on transverse, timber-laailinated bridge decks supported by steel
wide-flange beamsThe railing systenwasredesigned to meet the TLimpact safty standards
set forth by MASHOS8.
1.3 Research Approach

This project began with an analysis of thepiTL-1, curbtypetimber bridge rail. Since
the new raihg wasdesigned to satisfjne TL-1 safety criteria of MASHD8, design modifications
wereincorporatedn order to improve railingieomety, increase vehicle containment,vasll as
to increasethe structural adequacef the bridge rail These changes were maitkeorder to
accommodate the larger and heavier vehiclégn a static testing program was conducted on
five separate scupper block post asseasbllhese static tests were used to erthat¢he bridge
rail posts would provide adequate strength as welb @eterminghe appropriate use fdimber
shear connectors in the pdstdeck and posto-rail connectionsUpon completion of the static
testing program, the bridge rail design was finaljzewl an appropriateafetyend treatment was
configured A 120t (36.6m) long section of bridge rail wasnstructed on top of a transverse,
nail-laminated, timbebridge deck equipped with a -36(10.7m) long end treatment on the
upstream end. Next, a ftdcalevehiclecrash test was conducted adhering to the impact conditions
of testdesignatiomo. 1-11 of MASH08. Finally, the test results were analyzed, and conclusions
were made pertaining to the safety performance of the timber bridgdtaaihed t@ transverse,

nail-laminated, timber bridge deck.
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2 LITERATURE REVIEW

In 1993, researchers at the Midwest Roadside Safety Facility (MWRSF) developed
three lowheight, timber curltype railings for longitudinal, gluaminated (glulam),
timber deck bridges according tiestconditions below published impact safety standards
[1-2]. For this effort, the curb railings were developed for-lmume roads andere crash
tested witha 4,400Ib (2,000kg) pickup truck impacting at approximately 15 mf##
km/h) and 15 degrees. Square, rectangular, and trapezoidal rail sloagésicted out of
sawn lumbewvere used and had mounting heights of 12, 12, and {308, 305, and 356
mm), respectively.

In 1995, MWRSF researchers developed a fourthrHewght, timber, curiype
railing system[3-4]. This bridge rail system wadsodesigned fotongitudinal,glulam,
timber deck bridges. For this design, &8n. by 10 ¥2in. (171 x 267 mmyectangular
glulam beam was supported by scupper blocks using a top rail mounting height of.17
(451 mm) Steel splice plates were used to conaégcentail elements entb-end, while
steel split rings and vertical bolts were utilized to transfer the impact loads from the rail,
through the wooen supportblocks, and into the deck. Duringetkesting program, the
bridge railing system safely redirected a-8/4 pickup truck impacting at 31.6 mf50.9
km/h) and 243 degrees. This crash testing and evaluaposgram was conducted
according tahe TL-1 impact conditiongound in NCHRPReport No. 3509]. This TL-1
railing systemformedthe basis for design wodompleted in this projedDesign drawings

for thisTL-1 curbtype railingsystem are shown iRigurel.
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3 TIMBER RAIL DESIGN AND MODIFICATIONS

3.1Introduction

Mw R S F 6 stype, timbbr bridge raisystem as shown previously irFigure 1, was
successfully crash tested to the-Tlsafety performance critefiaund iInNCHRP Report No. 350.
This timber bridge rail system served as the basis fangietimber bridge rail desighlowever,
the railing for this projectvas requiredo meet the TL1 safety performance critermovided in
MASH-08. Therefore, modifications were made to the previous system in order to accommodate
the increased impact severity and increased vehicle heggulting from the 2270P vehicle
provided in the MASHKD8 guidelines Thesechangesare described throughout the remainder of
this crapter.
3.2 Glulam Timber Raill

For MASH-08, the strength test utilizes5,0001b (2268 kg) pickup truckvehicle, while a
4,4091b (2,000kg) pickup truck is used for the strength test in NCHRP Report No. 350. As a
result of thancreasedehicle mass, the target impact severity was increased by 13.4 pBueent.
to theincreasd impact severity and expectaatrease inmpact forces, it was necessary to increase
the size and strength of thé/sin. by 10%2in. (172mm x 267#mm) Combination No. 2 Douglas
Fir rectangular beamAlso, it was desired to selediean sizes that would provide adequate
strength for both Southe Yellow Pine and Douglas Fir timbgrecies. Thus, the project engineer
could select dimber species based anaterialcost and availability foa given location. Afer
analyzing multiple beams for both strength and,dbsttwo selected options were: ()6 ¥xin.
by 12in. (172mm x 305mm) Combination No. 2 Douglas KIDF) glulam bearmand(2) a 6%+
in. by 12E-in. (172mm x 314mm) Combination No. 48 Southern Yellow Pi{®YP) glulam
beam. Both rail options wouldtilize 20-ft (6.1-m) segment lengths. The Southern YellBime
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beam was selected for ftdtalecrashtesting since itvasthe weaker of the two beams. Thus,
either the SYP or DF glulam beams could be used in the bridge railing systesnd€essful
outcome was observed during trash testnto the SYP curktype railing systemFinal design
detailsfor the glulam rail segments goeovided in Chaptéeb.
3.3 Railing Height

The priorcurb-type railingsystem had a top rail height of ¥¥in. (451 mm) anallowed
the rightfront tire to override the rail during the fuficale crash test. The 2000P test vehicle
eventually came to a stop with its front axle on top of theRaitall,boththe height to the center
of massandthe overall vehiclenassfor the2270P vehiclavere increasedver thatprovided by
the 2000P vehicleAccordingly,it wasdeterminedhat the raihg height needed to be increased
in order to prevent the vehicle from overriding the barrier. Thereforerailieg height was
increased by 2 in. (51 mm) abtain a new height df9%in. (502 mm) as measured frothe top
of thewearing surfacéo the top of the curb raiThis change in height was achievedigreasing
the height of the lower scupper block froet. (140 mm) to #zin. (191 mm). Thisnodification
not only provided the desired rail height, lalsoallowed forthe lower and upper scupper blocks
to utilizethe same dimensions. Thitsywas only necessary to utilizae sizefor all of the timber
scuppeiblocks within the bridge railing system

Similar to the rail,it was desired to allow thasefor either Southern Yellow Pine or
Douglas Firtimber materialsfor fabricating thesawn scupper blocksGradeNo. 1 Southern
Yellow Pine was selected for use in #tatic and dynamitestingprograms fothis project since
SYP has a lower strength thdhat provided byGradeNo. 1 Douglas Fir. Upothe successful

completion of the fullscale crash tesintherailing system using SYP scupper blodgksvould be
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deemed appropriate to allow the use for either SYP asddpper blockd-inal design dtails for
the scupper blocks apgovided in Chaptes.
3.4 Rail Splice

Since thestrength of the railegments was increasedsimilar increase istrengthwas
required for theail splicesusing two modificationsFirst, the thickness of the splice pkigas
increased fron¥/s in. (5 mm) toE in. (10 mm). Second, ateelplate wasveldedorthogonal to
and at the midpoints afhe two outesteelsplice platesn orderto create an Fshaped connection
assembly These modifications greatlystrengthead the rail splice by preventing deformations
within the steel plates as Wes anyrelativedisplacementbetweerrail endsat splice locations
duringimpactloading.Final design dtails for the splice plate assembly previded in Chapter
5.

For the original curllype, bridge railing system, the timber rails were joined together at
the midspan location of the scupper blocks using two outer steel plates and 12 structural bolts.
For the new, curbype, bridge railing system, the timber rails to joined together near the quarter
span location of the scupper bloékrder to reduce the bending loads imparted to the rail splice,
decrease the loads transferred to the splice bolts, and maintaianteer of splice bolts the
rail-to-rail connectbnat 12.

3.5 Timber Shear Connectors

For the prior curbtype bridge railing shear connectors wergilized at @ch wood
interface andat everyvertical bolt location.Thus, a total of24 shear plater split rings)were
used for eachost assemblywhichquickly increasedhe cost of theailing systemFor this study,
MwRSF researchers, in agreement with WVDOT engineers, conducted static component testing
in order to determine whethitetimber shear connectongere necessary faonfiguringthe rait
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to-post and posto-deck connectiong-rom his testing severaltypesand quantitiesof timber
shear connectonsere evaluatedasdescribed in Chaptet. Design details for theridge railing
poss (i.e., scupper blocks) wefi@alized at the conclusiorof the static testing prograandare
provided in Chapteb.

3.6 Transverse Timber Deck

For this project, a transverse, nalminated, timbetbridge deck was planned foruse
consisting of An. x 6-in. (51-mm x 152mm) dimensional lumbecovered by a . (51-mm)
thick, wearing surfaceAlthough fabricationdetails existed for fastening the lumber boards
together at interior locations, no installation procedures were available for nailing the boards
together at exterigfor end locations.Therefore, it was deemed necessary to determine a nailing
pattern for use at both exterior and interi@ck locationsThe nail pattern had to ensure the
following: (1) the boards were seely fastened to one anothé?) the nails would not be driven
into other nailgduringthe assembly of the ded) the nails were not located wheerticalholes
would be drilledthroughthe deckfor use in attaching the rail segments and scupper blackk;
(4) the region of nail-laminated decknear scupper block locationsould provide adequate
punchingshearresistancand load transfer tadjacent boardghus reducing the potential ftre
fracture ofindividual boards.

To satisfythe criterianoted aboveMwRSF researchers, in cooperation with WVDOT
engineers, developeadnailing pattern which repeated every forth bokad.interior regions his
pattern spaced the nadgproximatelyl8 in. (457 mm) apartlternaing above and below the
mid-planes of the boardsass show in Chaptel5. Special care waalsogiven to the nail pattern
near the edge of the deckhd@exteriornail patterrformed two tight squares, oa¢ 3 in.(76 mm)
andone at3 %2in. (216 mm)awayfrom the deck edges depicted in Chapter Bhisend pattern
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ensured that theerticalbolt holeslocated 6 ¥in. (159 mm)awayfrom the deck edgevould not
coincide withthe horizontal deckails. It also ensured that at least one nail was located between
theverticalbolt holes and the edge of the datlorderto provideadequatshear resistancAlso,
during deck assemblyvo beads of Liquid Hilsadhesivevere applied to the sides of each board
and over the outer 3 ft (0.9 m) of deck. Huhesivavas used to provide improvetieartransfer
between boards and prevent the end of a single board from pulling out of the deck.

3.7End Treatment

For the bridge railing system, a safety treatment was needed to prevergrduntpacts
into the bridge end. FuBcale crash testing was planned for the bridge railing system but not for
theslopedend treatmenfAs such, the research team planned to design a sémkterminal using
the timber, curliype railing and an acceptable geometry comparable to-gpjmmoved, sloped
end terminals.

In 1998,the Texas Transportation Institute (THuccessfullyevaluateda slopedend
treatmentfor use with a low-profile concrete barriesystemaccording to the Ti2 safety
performance criteria found in NCHRP Report No. 33D The 15t (4.6-m) long, slopeeend
treatmentvas constructed withfaished topheight of 20 in. (508 mm) argtarting top height of
4 in. (102 mm)

As noted in Section 3.3 taprailing height of 1%4in. (502 mm) was selected fihve curb
type, timber bridge raithus resulting in a barrier heigtitat wasonly ¥ in. (6 mm) shorter than
the TTI barrier. Tie timber, curkiype, sloped endectionwas prescribed for the end treatment. A
15-ft (4.57-m) long glulam railsegment was attached to the upstream end alithetype,bridge
rail and sloped down to a height of 4 in. (102 mm). Thus, the end sfdpedglulam rail was
partially buried underground.The glulam rail segmentsused within the end treatment were
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supported by 6t (1,829-mm) long W6x15 (W152x22.3) steel posts bolted to the bottom of the

rail. These posts were placed in compacted, coarse, crushed limestone material that met Grading
B of AASHTO M14795 (1990), as found in MASH 08Vith this configuration, theslopefor the

glulam rail wasnearly identical tol' T | cdashworthy, slopeénd treatment used with the lew

profile concrete barrieiTherefore, the sloped, cutippe, timber rail end treatmesihould provide

similar crashworthineg®s that prowded by the sloped concrezad treatmentinal design dtails

for thesloped, curltype, timber raiend teatment are shown Dhapters.
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4 STATIC POST TESTING
4.1 Static TestingSetup

Static tesing was conducted ommultiple bridge railing postén order to determine the
lateral force versusleflection characteristickor the builtup posts andrarious connections
between the glulam rail, scupper blocks, amtber bridgedeck.For the original curitype bridge
railing system, the timber postgere statically tested and found to have an average maximum
strength of 14 kips (62 kN) when loaded through the middle of thedfailhus, the nevibridge
railing posts should provide similar lateral resistance under static loading in order for the barrier
system to be capable of redirecting t®€0CGIb (2,268kg) pickup truck at the Til impact
condition.

The static testingnatrix andcomponerg are providedin Figures2 through6. For this
testing,a 23in. (584mm) long timberglulam railsegmentvas supported bivo timberscupper
blocksandbolted to thenail-laminated timber bridge deckusing four¥sin. (19mm) diameter
bolts.A lateralload was applied to eattuilt-up posthrough &D-in. (22-mm) diametersteel rod
placedthrough the center of the glulam rail segment. An eye nut was attached to the thelt on
backside of the ail, while a%z-in. (13-mm) thick plate washer was used to distribute the toad
the front face of the rail segment.

The static tests were also used to guide the selection of the appropriate shear connector
configuration for the finabridge railingdesign. Each of the static tests utilized various types and
guantitiesof shear connectors (i.e. shedates, split rings, or none) for each bolt location at the
timber interfacesThe test matrix shown iRigure 2 lists thenumber of static tests, the shear
connectottype as well as the location forgtshear connectorSor test nos. WVSL and WV$4,
no shear connectorgere utilized, as shown iRrigure 3. For test no. WVS2, and as depicted in
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Figure4, split rings were useat eachimber interface: (1) deck to scupper; (2) scupper to scupper;
and (3) scupper to railest no. WVS3 utilized shear plateat everytimberinterface as shown in
Figure5. Finally, test no. WVS5 was configured withsplit ringslocatedonly between theop
decksurfaceandthe bottomof the lowerscuppeiblock, as shown ifigure6.

For static test no. W\/&, the load was applied to the test component with a 900
(40,000-N) capacity Dayton winch combined witl2d. pulley systemThe winch was fastened to
a 7,000lb (3,175kg) pickup truck, and the truck was anchored to a 25l90Q01,30-kg) Hyster
to ensure that the pickup trudnd winchremained stationary during testing. A 50,000
(222000-N) capacity tension load cell and a string potentiometer were used to measure the load
and displacement, respectively. The load cell atteched between ttil cable pulley and the
eye nut on the rear face of the glulam rail segment. The string potentiometer was anchored to a
heavy block located directly in front of the glulam rail segment and tied to the front face of the rail
segment. The static test setugh®wn inFigure?.

During test no. WVE&L, the winch reached its maximum load before the test component
failed. As such, the method for applying the load required modification. The winch and 2:1 cable
pulley system were replaced by a 50 M0@222000-N) capacity hydraulic ram. The ram was
attached to a steel anchor frame which was bolted down to the tarmac. The locations for the load
cell and string potentiometer remained the same. This modified static test setup, as shguve in

8, was utilized to finish test no. WV¥SBas well as for static teabs. 2 through 5.
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Test No. Shear Connection Details
1 Scupper Block with No Connection
2 Scupper Block with Timber Split Ring Grooves
3 Scupper Block with Shear Plate Grooves
4 Scupper Block with No Connection
5 Split Ring Grooves between Bottom Scupper Block and Deck
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Figure 5. Static Test Component DetailsTest No. WVS3
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