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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.



Section B-B

—
e e i
Plan View Front Elevation Back Elevation
Curb Detalls Scupper Block Detall
sym. sym. sym.
sbout sbout Miceswotaion e soe
10172 & 34 1n. 3 bots ¢ ¢ l-l"'-m
Giulam curb 4] |—1-114" (2 each side) T '
[) Nominal £ .
%.:m—\ ’4!“' H | mw::.nuu { { { s = = = = 51{4
L”"| /- Nominai6x10in. |~ 4in. @ spit ings or back g WA\ A
Nominal 2 In.- /mmsama to back shear piates (typical)
v-nq-m_\ - 1
v 1 = 5
T o . omitied for clartty. ®le
T T IBIR LRI RIR LRI
34 In. @ x 12 In. lag screw with £
54 Prabors 12, %12 n. volewih 5] 242 Malleable iron washers 5._1_, g;
13/16 In. 2 x 6 In. countarbore., and hex nuts l°
nilloniionilonlin
End View Front View Back View [
Curb Splice Details
Steel Splice Plate
sym.
about
t
All holes are 1-1/8 In. @. -
s14° P
™\ ® 0 o ® 6 o0
' e
® 00 ® 6 0 —I,.

-
® ®
® @

Front View

Plan View

CI—TT—IT > o
rJ——-I———l-_r_
- 5-1/4"

Figure 1. TL-1 Bridge Railing for Longitudinal Glue -Laminated Timber Decks[3-4]

TH-60TTZ-€0dHION Hoday 4SHMA

€20¢ ‘J8quiedag



Decembei7, 2023
MwRSF Report NoTRP-03-211-09-R1

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

8



Decembei7, 2023
MwRSF Report NoTRP-03-211-09-R1

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

9



Decembei7, 2023
MwRSF Report NoTRP-03-211-09-R1

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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AN . o i b N
Figure 8. Modified Static Test Setup- Test Nos.WVS-1 through 5
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4.2 Static Testing Results

4.2.1Test No. WVS1i No Shear Connectors

As previously stated, test no. WMSbegan with the use tifewinchand a 2:1 cable pulley
system, buit was completed usingleydraulic ramto load the test component to failuEuring
the test, the post assemidanedbackward thusopening a gap between thrent of thelower
scupper block and the bridge deckt the same timahe edge of the deck deflectddownward A
maximumlateralforce of 17.9 kips (79.7 kN) was observed at 14.9 in. (378 mm) of deflection.
Theforce versuglisplacementurvefor test no. WVSL is shown inFigure9, while photographs
for thedeflected posareshown inFigurel0.

Damage to the post assembly and bridge deck was minimal, as shown in E@anes
11 The backedge of the lower scupper block was compregbedcausng some fibers to splinter
off. The topback edge of the rail segmemas partiallyremovedas a result of theading to the
steel rochear theeonclusiorof the test. All four of the connection bolts were bent near the scupper
deck interface, andllafour of the malleableron washers on the underside of the déeld
fractured. It was later revealed that thashers were placed upsidewn The transverse boards
in the deck were pulleldterallyapproximately 1 in. (25 mm) at the post locatiand thevertical
bolt holesdrilled thraugh the deck were elongated due to beatypg failures in the timber deck.
Finally, six of the transversdeck boards hadhgitudinal cracksnear the edge of the deck.

However, noe of thedeck boards had completely fractured.
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FORGE (KIPS)

STATICPOSTTESTING -FORCEVS. DEFLECTION
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Figure 9. Force vs. Deflection CurveTest No. WVS1
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Figure 10. Component Damage andermanent SetDeflection, Test No. WVS1
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Figure 11. Bridge DeckDamage, Test No. WVSEL
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4.2.2Test No. WVS2i Split Ringsin Each Interface

During test no. WV&2, the post assemblganedbackward thusopening a gap between
the front of thelower scupper block and the bridge deék the same timehe edge of the deck
defleceddownward. A maximum force of 14.7 kips (65.4 kN) was observed at 15.5 in. (394 mm)
of deflection.The force versudisplacementurvefor test no. WV& is shown inFigurel2, while
photographs fothe deflected posareshown inFigurel13.

Damage to the post assembly and bridge deck was minimal, as shown in ERjanes
14. The back edge of the lower scupper block was compreasddthe tofback edge of the
glulam rail segment was partially removed as a result of the loading to the steel rod near the
conclusion of the tesAll four of the connection bolts were bent near the scufdpek interface,
and three malleable iron washers on the underside of the deck had fractured. The transverse boards
in the deck were pulleslightly outward andthreeof the deck boards had longitudirehcksat
thedeckedge Two deck boardg/erefracturednearthe bolt line Finally, woodpieceshadchipped

away fromthe decksurfacebetween the bolt holes and the split ring grooves.

STATICPOSTTESTING -FORCE VS. DEFLECTION
20
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Figure 12. Force vs. Deflection Plot, Test No. WV
23




Figure 13. Component Damage andermanent SetDeflection, Test No. WVS2
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Figure 14. Bridge Deck Damage, TesNo. WVS-2
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4.2.3Test No. WVS31 Shear Platesn Each Interface

During testno. WVS3, the post assemblgared backwardthusopening a gap between
the front of thelower scupper block and the bridge deék the same timehe edge of the deck
defleceddownward. A maximum force of 17.1 kips (76.1 kN) was observed at 19.3 in. (490 mm)
of deflection.The force versudisplacementurvefor test no. WVS3is shown inFigurel5, while
photographs fothe deflected postreshown inFigure16.

Damage to the post assembly and bridge deck was minimal, as shown in E&janes
17. The back edge of the lower scupper block was compretaesiesulting indeformation and
crackingof the block The topback edge of the rail segment was partially removed as a result of
the loading to the steel rod near the conclusion of theAtgbur of the connection bolts were
bent near the scuppdeck interface, andneof the malleable iron washers on the underside of
the deck fracturecEight of the transverse deck boards hawgitudinal cracksit the deckedge
and five of the deck boar@gppeared to be fractureearthe bolt line Finally, wood pieceshad

chipped offof the deck surfacbetween the bolt holes and thleear platgrooves.

STATICPOSTTESTING -FORCEVS. DEFLECTION
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Figure 15. Force vs. Deflection Plot, Test No. WVS
26




Figure 16. Component Damage andPermanent SetDeflection, Test No. WVS3
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Figure 17. Bridge Deck Damage, Test No. WVS
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4.2.4Test No. WVS41 No Shear Connectors

During test no. WV#4, the post assemblganedbackward thusopening a gap between
the front of thelower scupper block and theidge deck At the same timehe edge of the deck
defleceddownward. A maximum force df6.8kips (74.8kN) was observed &2.5in. (572mm)
of deflection.The force versudisplacementurvefor test no. WV$4 is shown inFigurel8, while
photographs fothe deflected postreshown inFigure19.

Damage to the post assembly and bridge deck was minimal, as shown in E@janes
20. The back edge of the lower scupper block was compressed, and-treckopdge of the rail
segment was partially removed as a result of the loading to the steel rod near the conclusion of the
test. All four of the connection bolts were bent near the mmgbeck interface, and two of the
malleable iron washers on the underside of the deck fractured. The transverse boards in the deck
were pulled slightly outward, and six of the boards had longitudinal ceaties deck edge. Two

of the deck boards appedr® be fractured near the bolt line.

STATICPOSTTESTING -FORCE VS. DEFLECTION
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Figure 18. Force vs. Deflection Plot, Test No. WVv&
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Figure 19. Component Damage andPermanent SetDeflection, Test No. WV$4
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Figure 20. Bridge Deck Damage, Test No. WvV&
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4.2.5Test No. WVS5T Split Ringsin Lower Interface Only

During test no. WV, the post assemblgared backwardthusopening a gap between
the front of thelower scupper block and the bridge deck. Atshene time, the edge of the deck
defleceddownward. A maximum force of 13.4 kips (59.6 kN) was observed at 17.0 in. (432 mm)
of deflection.The force versudisplacementurvefor test no. WV5is shown inFigure21, while
photographs othe deflected postreshown inFigure22.

Damage to the post assembly and bridge deck was minimal, as shown in ERjanes
23. The back edge of the lower scupper block was compressetheatapback edge of the rail
segment was partially removed as a result of the loading to the steel rod near the conclusion of the
test All four of the connection bolts were bent near the scugpek interface. The transverse
boards in the deck were pulled slightly outward at the post location, and four of the deck boards
appeared to be fracture@arthe bolt line. Finallywoodpieces had chipped away from the deck

surface between the bolblles and the timber split ring groves.

STATICPOSTTESTING -FORCEVS. DEFLECTION
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Figure 21. Force vs. Deflection Plot, Test No. WVS
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Figure 22. Component Damagend Permanent SetDeflection, Test No. WVS5




Figure 23. Bridge Deck Damage, Test No. WVS
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4.3 Static Testing Summary and Conclusions

As noted previouslyit was desiredhatthe modified bridge posts be capable of resisting a
lateral static load of approximatelyt kips (62 kN)or greater As shown inFigure24, only one
post test resulted in maximum lateral load capacity below the targeted vakitati¢ntest no.
WVS-5, or the systemtilizing split rings between the lower scupper block tralbridge decka
lateral static capacitgf 13.4 kips (59.6 kNyas observedr only 0.6 kips (2.7 kN) below the
targeed value For theremainingfour statictests the maximumlateral load capacitiesanged
between 14.7 and 17.9 kips (65.4 to 71a\g.

When comparingsplit ringsusage a 9.7 percent increase in lateral load capacity was
observedfor split rings used at all interfaces compared only placed at the lower interface
However, the increase in lateral load capacity ranged between 25.4 to 33.6 percent for the case of
not using shear connectors as compared to the use of split rings at the lower interfatieeonly.
option for using shear plates at all interfaces provided an increase in lateral load capacity of
approximately 27.6 percent as congzhto split rings placed anly the lowerinterface. Finally,
it was observed that the no shear connector option [16.8 to 17.FKig8$q 79.6kN)] provided
acomparable maximum lateral load capacity to that provimetthe optiorfor using shear plates
at all interface$17.1 kips (76.1 kN)]

Further, the initial stiffnesebservedor eachof the statictestswasvery similar and the
variance in the force versdegflection curves occurred only in the plastic region. Thus, the use of
shear connectors had little to no effect on the strength of the post assemliles, thestatic
tesing of post assembliesonfiguredwithout shear annectors, test nos. W¥Band 4 recorded

the F'and 3 highestlateral capacities
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The use of shear connectors did affect the damage observed duristatibdgests.
Althoughthepost assemblgamagen each testvasobserved to beery similar, thedeck ciamage
in each testvas substantially different. When shear connectors were placed between the deck and
the lower scupper block, grooves had to be cut into the deck surface to accommodate the
connectors. These grooves weakened the strefitjtie deck boards anddeo chipping away of
pieces between the grooves and the bolt holes dsastle partial fracture ofmultiple boards
through this weakened cross section. As a result, it was determioex]l deck damage was
observed irstatictests configured witshear connectoi@s compared tstatictests not involving
shear connectors.

From the static testing program, the research team determined that shear connectors: (1)
provided no or only limitedhcreasedateral strength for the poassemblies(2) correlated with
anincreased amount deckdamageand (3)increased the labor and materials costs for the railing
system.Therefore,it was concluded thato shear connectonsould be specified for the timber

bridge railng system.
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Figure 24. Force vs. Deflection Comparison for All Five Static Tests

TH-60-TTZ-€0dH 0N Hoday 4SHUMA

£20Z ‘#oquiadaq



Decembei7, 2023
MwRSF Report NoTRP-03-211-09-R1

5 DESIGN DETAILS

5.1 System Overview

The test installation consistedtbfee major susystems: (1a 126ft (36.6:m) long nail-
laminatedtimber bridge deck placed avide-flange, steel girders; (Zcurb-type,timber bridge
railing systemand(3) a 35ft (10.7-m) long sloped, safetyreatmentocatedon the upstream end
of the bridge raihg. The total length of the teststallation was 155 ft (47.2 mkinal design
details areprovidedin Figures25 through56. Photographs of the test installation algoshown
in Figures57 through60.
5.2 Timber, Curb-Type Bridge Railing

The bridge railing system consisted ofthree major structural components: (1) a
longitudinal glulam timber rail (2) steel Hsplice platesand (3) post assemblies consisting of
sawn lumber scupper blockBhe assembled bridge rai) is shown in Figure&5through27 and
Figure57.

The timber rail consisted of 19f9(6.08-m) long glulamrail segmentsvith a 6%in. x 12
E in. (171 mm x 314 mm) cross sectipras shown inFigure 36. The glulam rails were
manufactured fromCombination No. 48 Southern Yellow Pine and were treated with
pentachlorophenol in heavy oil &ominimum net retentioof 0.60lbs/ft® (9.61 kg/ni) conforming
to the American Wood Preserver 038 Thsends ofeaght i on (
rail segment were narrowed to a width ofelIn. (295 mm)in order to accephe steel Hsplice
platesand allowthe outer plate surface to Iikeish with the gross rail section

The steel Hsplice plate wereto befabricatedfrom threeASTM A572 Grade 4Zteel
platesthat were welded to one anothas shown in Figure38 and39. Due to an oversight, the
steel plates were not ordered with much advance notice prior to the scheduling of-sealéull
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crash test. As such, MWRSF experienced difficulty in finding the original plate material on such
short notice, thus requiring an adjustment to the design. Instead, the steel plates were fabricated
from ASTM A656 Grade 50 Type 7 materidhe two side platewere34 ¥+in. long by 6%#in.

wide by E-in. thick (883mmx 171mm x 9.5 mm) withtwelve 1 a -in. (29-mm) diameter holes

For the Hsplice, he center connecting plateas installed orthogonal to the outer two plates and
measured 1& -in. long by 6%#in. wide by E-in. thick (295mm x 171 mm x 9.5 mm)lhe H

splice plates connected adjacgttlam rail segmentseend to end usingix 1-in. (254-mm)
diameterby 14-in. (356mm) long ASTM A307 galvanizedlomehead boltsn each rail endas

shown inFigure31. A photograph of an assembled +irail connection with Hsplice plates

shown inFigure59. For the testing program, the-$plice plate assemblies were not galvanized.
However, these splice plate assemblies must be galvanized when used in actual field installations.

The bridge rail post assemblies consisted of two timber scupper siedked on top of
each otherEach scupper block was fabricated from Grade No. 1 SouthernwyBiloe sawn
lumber and measured 23 in. long by29. wide, and #zin. tall (584mmx 241mmx 191 mm).
Four¥1e-in. (21-mm) diameterbolt holes were drilled in the scuppers d@h5(127mm) spacing
intervals, as shown iRigure35. All wooden scupper blocks were treated with pentachlorophenol
in heavy oil to a minimum net retention 0.60 lbs/ft (9.61 kg/ni) satisfyingAWPA U1, UC4A.

The scupper blockostassembliesvereplacedl in. (25 mm) from th@uteredge of the
bridge deckand spacedO ft (3.05 m) on centsras shown ifrigure27. The glulam rail segments
were placed on the scuppers such thatback of the rail was offset 1 in. (25 mm) from the back
edge of the supper blocksd thecenterline of thgoint between two adjacent rahds wadocated
350in. (911mm) from the centerline of the nearest pdste height to the top of the bridge fiag
was 19 %n. (502 mm) above the concrete wearing surfdaeed orthetimberdeck.Four 30in.
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(762mm)long by ¥in. (19.0mm)diameteyf ASTM A307 galvanizedomehead bolts were used

to connect the glulam rail and scupper blocks to the bridge slgtkce as shown in Figurea7

and31 Galvanized, malleable iron washers were installed on the bottom side of the deck surface
as shown irFigure44. Photographs of assembled posts are showigure58.

5.3End Treatment

A rigid, end treatmenivas attached tthe bridge rail systerandconsisted ofwo glulam
rail segments,dur steel posts, and an anglegplice plate. The end treatment had a length of 35
ft (10.7 m) and was attached to the upstream end alitthetype, bridge railing systepas shown
in Figure32. Photographs of the end treatment are shovwigare60.

The firstglulam rail segmenn the end treatmentas exactly the same as the bridge rail
segments described previously and was placed adjacent to the first bridggmahtThe second
glulam rail segmentin the end treatmenwas similarto the first glulam rail andbridge rail
segmentsexcept fortwo changes. First, thdownstreanendof the second glulam rail segment
was cut to an 88legree angle so that th@erior endsof the end treatment railsould be flush
with one anther. In addition,the second gliam rail segmenin the end treatmenvas cut to a
total length of 15 ft (4.6 m)as shown ifrigure37. All other dimensionsnaterial propertiesand
preservative treatmemtere identical to that used for the glulam rail found in the bridge railing
systemThe sloped, end rail segment connectatiésstandardail segment at height of 19%4in.

(502 mm) andvassloped dowward with the upstream erghrtially buriedin the groundThe
maximum heighfor the exposed upstream end of the sloped rail segwest4 in. (102 mm)
above grade

The two end treatment rail segments were supportedABYM A36, steel W6x15
(W152x22.3) postwith weldedtop mounting plates, as shown in Figuéésnd42. For the testing
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program, the post assemblies were not galvanized. However, these post assemblies must be
galvanized when used in actual field installatiortse four steel postsieasured 6 ft (829 mm)

long and were placed in compacted, coarse, crushed limestone material that met Grading B of
AASHTO M147-95 (1990), as found in MASH 08wo of the posts were cut at-8gree angles

at the top in order to match the slope of the end rail segmenA3 Tl A36 steetop mounting

plates were the same for all foposts and meared 19n. long by 8% in. wide byE in. thick
(483mmx 216mm x 10 mm).Once againfour *¥16-in. (21-mm) diameterbolt holes were placed

in the plde at 5in. (127mm) intervalsThe top of the posts were welded to the center of the plates,
as shown irFigure4l. The rail segments were connected to the posts with3fear (19-mm)
diameter bylG-in. (254mm) long ASTM A307 galvanizedlomehead bolts, as shown kigure

34.

OnesteelH-splice platavas used to connect the two rail segments within the end treatment
region and wasnodified for use in accepting the slop&md rail segment. The materials and
dimensionsfor this modifiedH-splice platewas similar to those used withe bridge raihg
systemexcept for the addition of a 5 degree bend betweenpghEeam and downstreaand of
the side platesThis bend matchedhe slope of the end rail segment, and the appropriate
dimensions are shown in Figurg8 and39. The adjacent rail ends were attached to the angled
splice plates usingix 1-in. (25mm) diameter byl4-in. (356mm) long ASTM A307 galvanized
domehead boltsn each rail endA photograph of the installed angledshlice plate is shown in
Figure59.

5.4 Transverse, NaitLaminated Timber Deck

For the test bridge, the timber deck measuagaroximatelyl4 ft (4.3 m) wide and 120 ft

(36.6 m) longThe bridge deck wasabricated with2-in. x 6-in. (51-mmx 152mm) by 14ft (4.3
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m) long, dimensional lumbéwoardscovered with a 2n. (51-mm) thick concrete wearing surface.
Thetimberboards werenanufacturedrom Grade No. 1 Southern Yellow Pine and treated with
ACQ-D to a minimum net retention 6£40 Ibs/f¢ (6.41 kg/nd) satisfyingAWPA U1, UC4A For
actual bridge installationg, is recommended that the dimensional lumber boards be treated to a
net retention 00.60 Ibs/ft® (9.61 kg/ni) satisfying AWPA U1, UC4Bas shown ifFigure40. The
boards werglaced on end and nailed together through and perpendicular to the wide face of the
board using 28 or 20pennyfi ¢ 0 m mmails.0A specific nail pattern, which repeated every four
boards, was used to ensure that a nail did not contact a previously driven nail. Special care was
given to the nail pattern near the deck edge to ensure the nails did not occupy space where the
vertical bolt holes for the bridge rail would later be drill&lring deck assemblywb beads of
Liquid NailsHeavy Duty Construction Adisive (Item No. LN901)were applied to theides of
the boards and over tlmater 3 ft (0.9 m) ofleck. The adhesive was ugedprovide additional
punchingshear resistance in the dea& well as improved load transfer between boafte
nailing patterns are shown in FiguZ&and30.

Steeldeck anchor bracketgseresandwiched between adjacent deck boarabvere used
to attach the bridge deck to the steel girders. The deck ancukeks were fabricated from-11
gauge (D4-mm thick) ASTM A36 G90 galvanized steedheetand were cut to the dimensions
shown inFigure43. The anchor brackets hooked ottietop flange othesteelbridgegirdersand
were nailed to the adjacent deck b@anding two 2@ or 20 pennycommonnails. The anchor
brackets werenstalled onl-ft (305-mm) centers on both girder§he brackets on the exterior
girder were all placed on the tapside flange, while the brackets on the interior girder alternated

sides, as shown irigure46.
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5.5 Bridge Substructure

The support structure for the bridge decknsistedof two rows of wideflange, steel
girders, four transverseconcrete support@wo bents and two abutmentgnd lateral bracing
between girdersas shown in Figure® through55. The tworows of threggirderswere positioned
alongthe entire lengthfahe 120ft (36.58m) long, bridge deck. The girders were supported by
simulated bridge abutments at each end and two simulated bridge piers aggarcedmately40
ft (12.2 m) apart. In addition to the$aur rigid supportsthree intermediateoncrete platform
supportswith wood shim blocks were used to vertically support gteelgirders at the midpoint
of each 40t (12.2m) span. FinallysteelC-channeldiaphragms were used as lateral bradorg

the girders and spacatlapproximately 12 .8t (3.8-m) intervals.
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Note: Test no. WVBR—1 conducted at 50 kph and 25 de%rees with impact
to occur 5 feet upstream from the centerline of the splice located
between post nos. T4 and B1.
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Figure 31. Rail Connection Details, Test No. WVBRL


















































































































































































































































































































