e 1200 New Jersey Avenue, SE.

S Department Washington, DC 20590
of Tonsportation January 28, 2010

Federal Highway
Administrafion

In Reply Refer To: HSSD/B-200

Mr. Ronald K. Faller, Ph.D.
Research Assistant Professor
Midwest Roadside Safety Facility
University of Nebraska-Lincoln
527 Nebraska Hall

Lincoln, NE 68588-0529

Dear Dr. Faller:

This letter is In response to your request for the Federal Highway Administration (FHWA)
acceptance of a roadside safety devicesfor useron‘the National Highway:System (NHS).

Name of device: West Virginia Steel Bridge Railing for use on Transverse,
Nail-Laminated, Timber Bridges

Type of device: Permanent Steel Barrier

Test Level: NCHRP Report 350 TL-2

Testing conducted by: Midwest'Roadside Safety Facility (MwRSF)

Date of request: September 13, 2009

Date of completed package: September 13, 2009
Task Force 13 Designator:  SBT11b

You requested that we find'this device acceptable for use on'the NHS under the provisions of
National Cooperative Highway-Research-Program (NCHRP) Report:350 “Recommended
Procedures for the Safety Performance Evaluation of Highway Features.”

Requirements

Roadside safety devices should meet the guidelines contained in the NCHRP Report 350 or the
American Association of State Highway and Transportation Officials’ Manual for Assessing
Safety Hardware (MASH). The FHWA Memorandum “ldentifying Acceptable Highway Safety
Features” of July 25, 1997, provides further guidance on crash testing requirements of
longitudinal barriers.
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Description

For this project, the research objectives included the modification of existing test level 2 (TL-2)
steel thrie’beam bridge railing as per FHWA Acceptance Letter HSA-10/B-138 dated

August 4, 2005. This thrie beam steel past bridge barrier was:connected to a transwverse;
glue-laminated, timber bridge deck system. Eight 7/8-in.(22.2¢émm).diameter by 7 3/4-in.
(197-mm) long, ASTM A307 (Grade 2 equivalent) hex head bolts with timber shear connectors
were used to anchor the posts and deck plates to the glulam timber deck panels. For this
research, crash testing used the same barrier and connection plate system for use on a transverse,
nail laminated, timber bridge deck supported by steel wide-flange beams. The Steel Bridge
Railing for use on Transverse, Nail-Laminated Timber Bridge Decks was evaluated using
dynamic bogie testing on the steel bridge posts/attached to nail-laminated timber deck. The
dynamic component testing program was then used to verify that the post-to-deck attachment
hardware as well as the timber deck would remain‘intact under peak impact loading deemed
representative of a pickup truck crash test conducted under the TL-2 impact safety standards of
NCHRP Report 350. In addition, the testing was used to demonstrate that the peak impact
loading would.not result in significant deck damage. Dynamic component testing was used to
verify use of the previously crash-tested bridge railing system on transverse, nail-laminated,
timber deck bridges: In addition, testing'also evaluated the benefits for utilizing timber shear
plates within the post-to-deck connection.

The steel bridge posts were 42 3/4-in. (1,086-mm) long, W6x12 (W152x17.9) beams made from
ASTM A992 or ASTM A572 Grade 50 steel, as shown in Figures 7 through 9. Near the top of
the post, four 3/4-in. (19-mm) diameter bolt holes were placed within the front flange. The
blockouts were bolted to the posts using these bolt holes. Slats were cut into the front flange
near the bottom of each post and used to fastenthe bottom deck plate to the post.

In addition to the fabricated holes and slots, a steel post plate was welded to the front flange 9 in.
(229 mm) from the bottom of the post. Each post plate measured 10 3/8 in. x 4 in. x 1/2 in.

(264 mm x 102 mm x 13 mm). Two slots were cut into the post plate and used to bolt the top
deck plate to the post. To provide stiffness and resistance to buckling, gusset plates and
stiffeners wergsalso welded:to the posts.

Gussets were placed on both sides of the web at the bottom of the post'and directly behind the
top of the post plate, while the post wing stiffeners were located along.the top of the post plate
and adjacent to the gusset platesi=These gussets:and stiffeners were:designedto provide
additional stiffness to the post and to prevent localized buckling near the deck plate attachments.

Deck plate assemblies were utilized to attach the bridge posts to the bridge deck. The top deck
plate was 1/2 in. (13 mm) thick, while the bottom deck plate was 3/8 in. (10 mm) thick. The
deck plates are fabricated from ASTM A36 steel and contained eightd-in. (254mm) diameter
holes. Eight 7/8-in. (22.2-mm) diameter by 7 3/4-in. (197-mm):leng, Grade 5 bolts,were to be
used to fasten the deck platesto the edge of the timber bridge deck. Since thisdetail produced
minor bearing deformations around some of the vertical holes, the following alternative
attachment options to reduce the incidence of deformations may be specified:
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a. Eight 7/8-in. (22.2-mm) diameter ASTM A307 (Grade 2 equivalent) bolts in combination
with 4-in. (102-mm) diameter timber shear connectors.

b. Eight 7/8-in. (22.2-mm) diameter ASTM A325 (Grade 5 equivalent) bolts in combination
with 4-in. (102-mm) diameter timber shear connectors

Steel rectangular end plates were welded to the back side of the deck plates and provided the
locations where the bridge post bolted to the plates. The end plates were welded to the deck
plates using triangular-shaped plate stiffeners. Two 7/8-in. (22.2-mm) diameter ASTM A325
hex head bolts were used to fasten the top deck plate to each post, while two 5/8-in. (15.9-mm)
diameter ASTM A325 hex head bolts were'used to fasten the bottom deck plate to each post.

Post blockouts were configured with ASTM A992 or ASTM A572 Grade 50, W6x12
(W152x17.9) steel sections that attached to the'front face of the bridge posts. Eight 3/4-in.
(19-mm) holes, four in the front flange and four in‘the back flange, were placed into each
blockout. Four 5/8-in. (15.9-mm) diameter by 2-in. (51-mm) long, ASTM A307 heavy hex head
bolts were used to secure each blockout to each post.

A transverse, nail-laminated, timber bridge deck was constructed at MwRSF's outdoor test
facility for this.research project. The bridge deck was constructed from 14-ft (4.3-m) long, 2-in.
X 6-in. (51-mm x 152-mm) treated, dimensional lumberiand covered by a 2-in. (51-mm) thick
concrete wearing surface. ‘The timber.boards.were manufactured from :Grade No. 1 Southern
Yellow Pine and treated with ACQ-D to a minimum net retention of 0.40 Ibs/ ft* (6.41 kg/m3)
satisfying AWPA U1, UC4A. However for actual bridge installations, the research recommends
that the dimensional lumber boards be treated to a net retention of 0.60 Ibs/ft® (9.61 kg/ms)
satisfying AWPA U1, UC4B. The boards were placed on end and nailed together through and
perpendicular to the wide face of the'board using 20d or20'penny "common" nails. A 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
drilled. During deck assembly, two beads of Liquid Nails Heavy Duty Construction Adhesive
were applied to the sides of the boards and over the outer 3 ft (0.9 m) of deck. The adhesive was
used to provide additienal punching shear resistance in the deck as well as improved load
transfer between boards.

West Virginia TL-2 Steel Bridge Railing for use on Transverse Nail-Laminated, Timber Bridge
Barrier drawings for the construetion of the testinstallation are included with'this correspondence.
In addition, transition details for this bridge barrier can also be found in FHWA Acceptance Letter
HSA-10/B-138 Revised.

Findings

We concur with your request that the West Virginia Steel Bridge Railing for use on Transverse
Nail-Laminated, Timber Bridges be granted equivalence to existing successfully crash tested
bridge rail meeting TL-2 conditions as per. NCHRP.Report 350 and will be'considered
acceptable for use on the NHS. For further information on the crash test, the Test Data Summary
Sheet is included with this correspondence.



Please note the following standard provisions that apply to the FHWA letters of acceptance:

e This acceptance is limited to.the crashworthiness characteristics of the devices and does not
cover their structural features, nor conformity with the'™Manual on Uniform Traffic:Control
Devices.

e Any changes that may adversely influence the crashworthiness of the device will require a
new acceptance letter.

e Should the FHWA discover that the qualification testing was flawed, that in-service
performance reveals unacceptable safety problems, or that the device being marketed is
significantly different from the version that was'crash tested, we reserve the right to modify
or revoke our acceptance.

e You will be expected to supply potential users with sufficient information on design and
installation requirements to ensure proper performance.

e You will be expected to certify to potential users that the hardware furnished has essentially
the same chemistry, mechanical properties, and geometry as that submitted for acceptance,
and that jitwill'-meet the crashworthiness requirements of the FHWA and the MASH.

e To prevent misunderstanding by-others, this:letter of-acceptance is-designated-as. number
B-200 and'shall not be reproduced except. in full. This letter and the test documentation upon
which itfis based are'public.information. All such'letters and documentation may be reviewed
at our office upon request.

e The West Virginia Steel Bridge Railing for use on Transverse, Nail-Laminated, Timber
Bridges is a generic system and not considered proprietary.

e This acceptance letter shall not be construed as authorization or consent by the FHWA to
use, manufacture, or sell any patented device for which the applicant is not the patent holder.
The acceptance letter is limited‘to the crashworthiness characteristics of the candidate device,
and the FHWA is neither prepared nar required to become involved in issues concerning
patent law. Patent issues, if any,areto be resolved by.the applicant.

Sincerely yours,
7,,
~ / » "

David A: Nicol, P.E.
Director, Office of Safety Design
Office of Safety




West Virginia TL—2 Bogie Testing Matrix
Test No. Shear Connector Additional Torsional Stiffener Impaoct Location
1 None None Centered on Post
2 None Gusseis at Impact Height Cff=Center

3 Shear Plate None Centered an Post
4 Shear Ple Gussets at Impact Height Off—Center Type 1 Blockout
Type 1 Post

2'_g"

[

o EO G |

Heavy |

25
with Nut (Part a

al
/ .... TmD.,.__v. Hex 2
Z2 7] Long (Part ¢
anrd Washers (Pg

8" ASTM A307 Hex :

_21/8" x 21
Square Washer, @

! 19 (Part b6) (Part b3) @
Beler (Part b7) ‘- k

Front

Mm\@:: Heavy He ;
2 1/2" Long (Part a%) v
ond 2 Wosherg art «

ck without Shear Plates Selup — Test 1

3 13/16"

tt‘ e West Virginia TL—2 Post

L % /g e =]
Timber Deck without Shear

FPlates

Test 1

Midwest Roadside

Safety Facility | <c!




Type 2 Blockout

Front
View

| -
o g Type 2 Post
al !

L. 3 13/16"

i

il

__ A v I

. G |

L N I L - -
iy r
ASTM A325 .r\.‘.. ASTM a,%_uﬂ 4 god Holt,
Nut (Part b 7 3/4" Long (Pary P Nut (Part b9)
quare and Washer .u:uaﬁ_ ) ._ | @
= 2 1/8" x 2 " Thick “
Square Washer, (Part a13) .
od = y e 5
RN W A @ W
il i Y ] g 7 4
IR 1k il
1t imis ] M ) I

25(F-

Long (Pag
and 2 Washers (I

Heavy Hex F

ASTM A325
Nut (Part a12)

Side
View

West Virginia TL—2 Post |«

ol
o 4 4 ‘__\

Midwest Roadside
Safety Facility |~ =

ZEad L

Timber Deck without Shear
Plates

Test 2




Type 1 Blockout

a7l Type 1 Post
| ab

®© a1
O

|
i
5 g
95/8" Heawy H It, ASTM A490/Grade 8
i . 1_.W1£gm*u%ﬂ., omL with Nut (Part gl
y ] o o A A = b7 /8" >m4“4 ) ex Head Bolt,

5 n 8" Heavy H " :

i i ¥ i /4" Long (@art bB) with Nut (Part
mmm a\% E_.nMﬂQmIM and Washer (PR b7 p
i
i 1/8" x 2 1 /Bamxpl /4" Thick b3
im I . =
i jare Washer, (Part al13) W -

c3 = e 5 6

] T s _l l_|
TR R i T .m. .nmw Ir T ~ a?
1|1 ] 1
i H | t
il i ]l i i
b M 1 e
T
7
5/8” Heavy Hex ﬁ Bl ASTM A325 4
5 eqa : | Bgit,
W \\m: Long (PartQad Nut (Part al12) I bd
and 2 Washers (Pa
Front
View ber (B with Shear Plotes Setup - Test 3

West Virginia TL—2 Post |3«

Timber Deck with Shear Plates |s/s/2008

Test 3 TRAWN Y.

Midwest Roadside| Eva/RT

SCALE: None |RIv, 3v:

Safety Facility

b =2)_ RS UNITS: incnes




wy
—- Syt
2 1/8" x
| Square Washer,
1Y
- £ {= - o
l 1] - 1
I
I I
Ll
B I urn {
0
\S...
and’ 2
r Front
” View

Type 2 Blockout

ASTM A325 .
Nut (Part a12)

\lvl.;

Wi/ _Ev:_m}n =

Midwest Roadside
Safety Facility

a5 Type 2 Post
al
a7
3 13/16
a8 3 13/16°
lex Head Bolt, ASTM A480/Grade 8
tb Nut (Part all)
14)
Bolt, AS Hex Head
with Nut ( :u:.ﬁ b6)
=), 1 Sqguare c_.n. o
x ,\M Thick __ & >
Hole (Port aljig _IJ.. _ -
g _gpes
T
cl il a?
1l
A b
c?

alb

b4

West Virginia TL—2 Post [«

Timber Deck with Shear Plates |ass/u
Test 4




ch

N/

" For

Seal

m o >
1
|
{EET;
il 4 West Virginia TL—2 Post [
2TARVEL L oY X
‘ Inline Bogie Orientation
Notes: (1) Target impoct speed = TBD mph. Tests 1 and 3 Y
. . ASRLT
Midwest Roadside|
Safety Facility [™ ™ iiaenl




West Virginia TL—2 Post |-

DATE
Offset Bogie Orientation 5/8/ 2008

Notes: (1) Target impact speed = TBD mph.

Tests 2 ond 4 JRAWN @Y.

Midwest Roadside cupsR

Safety Facility [

wyardge raift -2)_35 UNTS: ‘ncnes |aue/axn




Top Deck Plate Assembly

(Typ.) T.ucVﬂ\q—.IWI/_ - \se o s |
Lo
ry O

5/16 4 5/16"

l__.m\:w..

. -
S
O
P,

(Typ.) E70

Bottom Deck Plate Assembly

— ‘ e
1 4

VL N\Em)«h.w.

Midwest Roadside
Safety Facility

Top and Bottom Deck Plate

Assemblies

West Virginia TL—2 Post

WG, NAME.

wvaridge rai(t -2} RG




— 10 13/16" l_.| 10 3/8" |._

Top Deck Plate
Part b1

I_ll 1/2" L
o T

Plate Stiffener
Part bS

— 11 1/4"—

5

:\N.._l

A

4141 Qh_mnw.(ﬁ =5

Midwest Roadside
Safety Facility

Bottom End P
Part b4

West Virginia TL—2 Post |«

Deck Plote Component Details @.F 2

TRAWN 3

EMASRT

WG SChAL e [REV. BY:
w all(t I UNTS SKR




ad

a4

1ICd

Istor

West Virginia TL—2 Post

Bridge Post and Blockout

Assemblies
DRAWN 3!
7 . Type 1 WA /AT
Midwest Roadside|
WG, NAME SCALE: MNane |REV. @y

Safety Facility

weoridge rai{tl -2)_RS UNTS: incnos | 347 /543




ad
E70 . e a4

I&t,\ s sl - West Virginia TL—2 Post
Bridge Post Assembly - Type 2 Wi s .Q | g W

Bridge Post and Blockout
Assemblies

Midwest Roadside| "™ °
mo._nmﬁ% _ulﬂnm__.ﬁK TG, SAVE TR T

wvbrldge ~al{ti=2)_RS UNTS, Inches | 947 /S4R




Research

"IV “ /g e N a8

x12 Steel Post

Midwest Roadside

®3/4" (Typ.)

West Virginia TL—2 Post

Post, Blockout,
Washer Details

OWG, NAME

Safety Facility

wyardge ral {b-2




b5/ 2k SLNT a
AR CAZM] D IS
1re /w3
E WY
sjiolaQ
8/81910|d PI2M PUD ‘sisusjng ‘sgn|
v 2| 3804 Z—T1L orulbaip ysom
133H8

)iton 4 A¥8 D
opISPDOY }SeMPIN

Alquiassy 21D0ld PIEM

0L3

.9 /1.8/¢ 0

043

9o }od
aqn)| aionbg

.,C/l’“-"‘i’

,_'.J'/"I‘:

("dhL) p/ED —

| LA €

1

f

LGl/c zl_‘

K72

$0 J0g

SERETIS

DU

™

-
|

18Cd




o' poaH xay

WB/L®

T
i

JS/E

b=l
gL/LL |

/UHV

=

f 2w Sine
B ATe VIS
-
— ggg uwncév 152 uwnflsv
umo 10 53jD JDauy
2002/8/ ! (SJQqLé‘.%f,\ L!)\!JO ‘S:l'ﬁiN ‘S".|058) BUSOM 1014, 8/L9 Jaysop 1014 |, 8/L9
2lY
| ¥80d Z=TL1 olubaipA ysem
Wb L
69 SHDd 0lg syod l
LOEY WIS seey WISV
N XeH L B/L® INN XS4 AspaH 8/ @
T 91/¢ L91/G1Le
2 @ 8L/ L
s fa
ap
buo t’/i L LOEV

[Ve]

.8/

a

0LD yod 60 1Dd

buol 8/L 7 'SZELY WISV Buoy Z/1 2 ‘SeZev WISY
jlog PoaH xaH AhDay 8/t jjog pody xapy AnDaH  8/G

8/,0 -+

Tﬁ— B s/c0 _H

/il

|
/1 Z

T T —
g1/11 L@ J @

| A—

+#10 jod
8 8poIg/06HY st
Jeysom 014 B/GO

JB/E ﬂ

/= e

GlD Hod
GZEY WISY
Jaysom 014 ,8/69

JARE

..v/mll
L
8/ -H— OL/11e

€10 yod
SCEY WISY
d8ysop sJdonbg | @

AR

oL/l
S
P~
‘El,,B’/l él'—

Wb =T
80 Mod
buoy 7 'g 3p0J9/ /0BYY WISY
yog poay xay Aapay .8/G

8/ce +—|

o &

L@

rpo




5 ] i s S Moo4 A¥8,D
SpISPDOY 1SAMPIN

5183
ri0Z/e/B] 1804 JNO4 J0; SIDUBIOW O |18

ﬂ,f/}l

}s0d Z—71L pwbaA Isem | . ==

- oydsy L co

|881S PaZILUDA|IDS sjjoq ,g/L@ 40; 30| JDBYS  $@ rAS Z2

| "ON BUl4 MO|IBA WIBLINOS (uonusyes sq| 09'Q) 4BqUINT |puolsuBwg ‘pajbad) buo px gx 7 096 |2

GZEY NN X8l AaDaH  B// g oLq

LOEY INN X3H ,8/L (49 64

GZeY aysopm 014 B/L g felel

LOSY ysom 1014 ,8// s L9

LOEY poay xaH ,8// A3 aq

9ev dauaiing. 9io(d 0c Gq

9ey ao|d pu3 WoRog 4 b9

gy 210|¢ pu3l doj - cq

gy alo|4 %o8(Q woljoy - Z9

9¢y 210/ 1oaQ do| ¥ Lq

gy I94SOM 910ld 1504 + glo

GLEY 18YsoM 1014 . B/G gl git

g apoi9 /06ty jaysopm 1014 ,8/6 79 PLD

gcy Jausop alonbg 8 ¢lD

STAR INN xaH AAD3H  g8/G 8 ZLe

8 9pLiI9/06TY Ny xey ArDaH | 8/G 149 Lo

GZeY buon g/[_ Z 1og pbs xaH ArDap “g/é o} oL

GZEY 3 . 1 ool xaH AapaH g/g o) 6D

g 8poi9 /06ty buo) podll xaHy AapsH | 8/G A% 80

9Ey OBIDS 10 81D PIEM LB

7 40 g a8ppig Q0GY (sauas 1say uad sup) buoq g s8gqn) sionbg G Ooxyxy z gD

06 9pbIy gLGV 10 6oV inoxo0lg 1931S ,8/G GLXZLXgM 14 g0

9eY spua s buim ysog 8 0

acy Jauaing 1sod vz ¢D

9cy a3\D|d 1504 + ZD

Qg 8poigy £/SY 40 R4 A TrARL] ¥ Lo
uonooiyioadg (DU LD “ON Wal|

|lDy abpug Dby 19




MwRSF Report No. TRP-03-212-09

August 13, 2009
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