e

U.S.Department
of Transportation

Federal Highway
Administration

1200 New Jersey Ave., SE
Washington, D.C. 20590

December 22, 2010
In Reply Refer To:
HSST/B-213
Mr. Daren Copeland
Varley and Gulliver Limited
Alfred Street, Sparkbrook
Birmingham, UK B12 8JR

Dear Mr. Copeland:

This letter is in response to your request for Federal Highway Administration (FHWA)
acceptance of a roadside safety system for use on the National Highway System (NHS).

Name of system: Proprietary VGAN 300 Aluminum Permanent Bridge Barrier
Type of system: Post and Tube Railing Mounted on Reinforced Concrete Curb
Test Level: NCHRP Report 350 Test Level 4 (TL-4)

Testing conducted by: Texas Transportation Institute (TTI)

Date of Request: September 30, 2010

Drawing Designator: SBAO7d

You requested that we find this system 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.” (NCHRP Report 350)

Requirements

Roadside safety systems should meet the guidelines contained in the NCHRP Report 350.
FHWA memorandum “ACTION: Identifying Acceptable Highway Safety Features” of

July 25, 1997, provides further guidance on crash testing requirements of longitudinal barriers.

Decision
The following device was found acceptable, with details provided below:

* VGAN 300 Aluminum Permanent Bridge Barrier

Description

The Varley & Gulliver proprietary aluminum bridge railing system was mounted on a reinforced
concrete curb. Overall length of the entire system was 29.3 m (96.0 ft) with posts spaced at

2.44 m (8.0 ft) for a total of 12 bays, 13 posts. The posts were cast A444.0 T4 aluminum and
were anchored with four M20 stainless steel bolts. Extruded 6082 T6 aluminum tubes were used

FHWA:HSSI:WLongstreet:ms:x60087:12/21/10
File:  s://directory folder/HSSI/Longstreet/B213_Description_122110FINAL.dotx
cc: HSSI (WLongstreet; JDewar)
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for the railing. They were a flattened elliptical shape. The two lower rail elements were 152 mm
(6.0 inches) in the long direction and 98 mm (3.8 inches) in the short direction and 5 mm

(0.2 inch) wall thickness. The upper or pedestrian rail was 114 mm (4.5 inches) in the long
direction and 85 mm (3.3 inches) in the short direction with 3 mm (0.12 inch) wall thickness.
Splices were achieved with 6 mm (0.24 inch) wall thickness internal tubular sections in the main
rails and 4 mm (0.16 inch) wall thickness internal tubular sections in the upper or pedestrian rail.
The extruded rail elements had key way section on the lower back side that allow bolts to be
placed in the key way and provides longitudinal adjustment.

The concrete foundation was specified to be 5800 psi and was 6318 psi at the time of the test and
was anchored to the apron with “L” shaped bars welded to existing rebar. All rebar was
specified to be 60 ksi. Steel reinforcement bar stirrups, 16 mm (0.6 inch) diameter, were placed
at 150 mm (6.0 inches) on center with eight spaces under the post location and four spaces at
310 mm (12.2 inches) on center between the posts. There were 12 evenly spaced 16 mm

(0.6 inch) diameter longitudinal bars in the foundation. Threaded inserts were placed in the
concrete with templates. After the posts were bolted into the inserts, an epoxy grout pad was
cast at each post support location. The four anchor bolts on one post upstream of impact, the
impact post, and one post downstream of impact were instrumented with strain gages to measure
force transmitted to the bolts.

Details of the VGAN 300 bridge rail test article are enclosed within this correspondence.

Crash Testing

The Proprietary VGAN 300 Aluminum Permanent Bridge Barrier was crash tested at the test
facilities at TT1 Proving Grounds Riverside Campus according to the following NCHRP
Report 350 TL-4 tests for the evaluation of longitudinal barriers as described below.

NCHRP Report 350 Test Designation 4-10 with an 820 kg small passenger vehicle impacting
the critical impact point (CIP) of the length-of-need (LON) of the bridge rail while traveling at
an impact speed and angle of 100 km/h and 20 degrees. The purpose of this test is to evaluate
the overall performance of the LON section, in general, and occupant risks, in particular.

NCHRP Report 350 Test Designation 4-11 with a 2000 kg pickup truck impacting the CIP of
the LON while traveling at an impact speed and angle of 100 km/h and 25 degrees. The test is
intended to evaluate strength of the section in containing and redirecting the 2000P vehicle.

NCHRP Report 350 Test Designation 4-12 with an 8000 kg single-unit box-van truck
impacting the CIP of the LON while traveling at an impact speed and angle of 80 km/h and
15 degrees. This test is intended to evaluate the strength of the LON in containing and
redirecting the heavy test vehicle.

The target CIP for each of the aforementioned tests was determined according to the information
provided in NCHRP Report 350. For the test with the small car and the pickup, the CIP was
determined to be at post 4. Post 4 is upstream of the first splice in the system. The CIP for the
test with the single-unit box-van truck was determined to be 1 ft downstream of post 4. Crash
Test summaries of each of these tests are enclosed within this correspondence.



Findings

The FHWA concurs to the submitted physical crash testing of the Proprietary VGAN 300
Aluminum Permanent Bridge Barrier to the proposed TL-4 designation. Therefore, the
Proprietary VGAN 300 Aluminum Permanent Bridge Barrier meets the TL-4 impact conditions
and evaluation criteria for a NCHRP 350, and is acceptable for use on the NHS when requested
by a highway agency.

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

e This acceptance is limited to the crashworthiness characteristics of the system 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 system 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 system 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 it will meet the crashworthiness requirements of the FHWA and the
NCHRP Report 350.

e To prevent misunderstanding by others, this letter of acceptance is designated as number
B-213 and shall not be reproduced except in full. This letter and the test documentation
upon which it is based are public information. All such letters and documentation may be
reviewed at our office upon request.

e This acceptance letter shall not be construed as authorization or consent by the FHWA to
use, manufacture, or sell any patented system for which the applicant is not the patent
holder. The acceptance letter is limited to the crashworthiness characteristics of the
candidate system, and the FHWA is neither prepared nor required to become involved in
issues concerning patent law. Patent issues, if any, are to be resolved by the applicant.

Sincerely yours,

Michael S. Griffith
Director, Office of Safety Technologies
Office of Safety

Enclosures
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e This acceptance letter shall not be construed as authorization or consent by the FHWA to
use, manufacture, or sell any patented system for which the applicant is not the patent
holder. The acceptance letter is limited to the crashworthiness characteristics of the
candidate system, and the FHWA is neither prepared nor required to become involved in
issues concerning patent law. Patent issues, if any, are to be resolved by the applicant.
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Mkoef § il
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Director, Office of Safety Technologies
Office of Safety

Enclosures



APPENDIX A. DETAILS OF THE TEST ARTICLE

V10 - 008 NVOA !——mﬂlﬂ 134vivd ONION IS INJLYD VY S1HDRY NOISIO ABOTITACD RV WIISAB | 3Virvd X NYDA QAT A NGO ONv AT DIYA 1002 g@»—.ﬂi
IWTARNTY CINITOCKYDA SO | 16N M SNOISM VEQ TTY
WA DG | SOMMYHD LN I TNy Gavievis
[Ty, a0l o] o
9w 1310210y wctmaes | uw | T
92 442 121 DI er L M
Ty i1¢ ewzg o -
Sy wang pgiy s . - -
b PN LT JET T § - - -m. N
‘ 0 ) [ w0 www wwmazaa3e
O%¥A w— - | omovon womes svamesm
P @. WOILIOT WLt G1HEYY MU SONVGHGOTY 4 O Pers 3 |
ey = LRIV RERIIE 00C HYDA
_ ONQM wcro..
L oz .
cuwis| " s OB W2 18 01 TERIA CLTWVIS DA
[P, L.t w T SELY £ 01 CAIIOSDD ¥. KNS
TG & oy e o v 8 s a1 39 01 CuDaVE
TV B4 1Y INDD O MY A T31VERONRY TV 0 W 30VE0 ¢ 9081 DO KT TRGE
LY g o e} * (] | atsemOmesrupu0 0 LI CYTIVLS 30 Ove 8. Bait ¥ve T8
ey Ramidaid VEVOA O MIOINOS C1 CHPITYN ONWIE TV
00| SRVY BIVEO |9t OO KKl £
2473 4973 0L AbfvA YW Tawoa @
PNvTI0: - A VoA 04 KN0SU0) O4 DIMADY 1 $1108 TPV
$oni I 1) i = * AITNW TEMvE0 NRVREI BT
TG
TVIOAG B Do s
o ow ) WX) EOS MOLLD IS
VLYoV TV ow
§'!‘
hnd HYVIoNy NOHACS O3 § EINVETI)!
“W— g ¥ SNV M QN WIVORAAY HIVE LY 04 OR D DaDes B
- mmucrn o1 90 4DL B CL EVIN Q1YION CNY TIY
- — 13 TV YNNIV £iR NP Tve v ..
- ey WL VR ” 47VITHOITY 0 08 Ol W YIHEY, w03
AL it LT W T )
§=ﬂglnﬂ-—
B IV 10,
omdvaven |
Ao | da] w0l
Wy E
) et hitted L34VHY4 ICTNVOA
T -
: \M _ _ lﬂ_l
= ) —— ¢
=1 i3 3 -1 24
] Il T = T T i
il in e ek 03 LUV i 0
@ T L L v
EEPS 1 WEAINED 1008 ey £ 1 Fvu MIITAY

w o TUONE) W WAION T8 hored]
M
'6TViId 6N
T NOUL0 I ROLLO0

51




LO40 010T 19 O R A\SHINEEDSRONMOS 10N 191010107 GOSN T,

ON 123§

£0-50-010Z ———— . ) 4 \
e z«:mxn
ey 98pug 19N A
TOANT9_10¢
oN 1vlos g
cec-oloc

e

.fruds/ :Om:“.r.v—m
orior  ocIl H1l
a[eag .,.m waeg

C8.. SEXI], ‘vonwg 3831100
anunsuy uvonesodsuesy sexay,

O ig

WASAS ANSIAATU) YWY SEXI] YT,

”n.—OmuOn:/H uea(J

parosddy-

¢

+

¢

C

1
g ON
STOTSIAY

- NOLLYAXIO] LLTIOINO D TIVdTAO noony

~o- ]y

AAIA NVTd

[ ) TN

) g : — ;1 — 1
—o ——- o
I B he 2o b e b1
...]l_ Ch . — = .Vr1 gt 'T
r i it i - (3)C
- USCOC SYHLLNHO INIXOt ¢ 2 S AV e oo

NOILVAHITI LNOYd

52



139

ITEM NO. PART NAME QTY. ITEM NO. PART NAME . QTY.
i Rebar Stisrup 184 12 Pedestrian rail 7295 1
2 Rebar, L 66 13 Pedestrian rail 3440 1 l
3 Rebar, 16 1 14 Rail nut 54
?
4 Rebar, 12 1 15 Hex bolt M16 x 45 52 ;
|
) Main rail joint 6 16 Nvylon washer, M16 78 !
6 Main rail 9735 4 17 . Stainless steel washer, M16 78 !
7 Main rail 7295 2 18 Spring washer, M16 for rail bolt 78
A Stainless steel washer, M20 for -
8 Main rail 340 2 19 anchor bolts 32
9 Rail post 15 20 Nylon washer, M20 for anchor bolt 52
10 Pedestrian rail joint 3 21 Hex bole M20 x 100 52
11 Pedestrian rail 9735 2 22 Hex bolt M16 x 35 26
26 Hex bolt M20 x 100 52
77 B18.2.3.6M - Heavy hex bolt M20 =5
- 2.5 x 80 --16N o=
The Texas A&M ﬂi\ﬁi;;e:sity System
Revisions: Texas Transportauon Insutute
No. Date | By Chk College Station, Texas 77843
L i - Date Drmwn By Scale Sheet No.
2. 2010-02-22 JLH 1:10 20f10
3. Project No. Matenals
4. i 401761-VGL
5. VGL Bridge Rail

9- 20108401 761-V G Sl Works\Drawings\\ & G Rail 2010.03-03
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General Information
Test Agency....

Testing Standard Tcst No,,..,,,.
... 401761-VGL1
DAt iisismans i ivamnese

TSt ND. .covveineciminnsisnnncss

Test Article
Type....
Name
Instatlahon Lenglh

Soil Type and Condition...........

Test Vehicle

Type/Designation...........cccoeue.
... 1995 Geo Metro
Test Inerlial.........coocoveiriinannnn,

Make and Model ..

Dummy ......

Gross Stallc v ausannan

.. Texas Transportation Institute

NCHRP Report 350 4-10

2010-04-27

..... Bridge Rail

... VGAN 300 Aluminum Bridge Parapet
e 303 M
Material or Key Elemenls

3 horizontal extruded 6082 T6 aluminum
tubes sections on A444.0 T4 aluminum
posts spaced at 244 m

Concrete Bridge Deck, Dry

820C

837 kg
845 kg

75kg
920 kg

Impact Conditions

Speed ...cocvcerveecieiieeienenenn. 1019 kmih
BRGNS s 19.7 degrees
Location/Orientation ............. At post 4
Exit Conditions
Speed ... ......88.4 km/h
Angle ... e T degrees
Occupant Rlsk Vaiues
Impact Velocity
Longitudinal........c.ccceenn 3.7 mis
Lateral B mis
Ridedown Accclerallons
Longitudinal........ccoevrvennn. 6.1 G

Lateral .. .-91G
THIV ... 32.5 km/h
PHD.. . 926G
ASI.. S 12

Max. 0. 050 s A\.rerage

Longitudinal... .. 686G

Lateral ~146G

Vertical .. 226G

Post-Impact Trajectory
Stopping Distance ........cccccceveie. 7001 M
Vehicle Stability

Maximum Yaw Angle.....................432 degrees

Maximum Pitch Angle ... 9degrees
Maximum Roll Angle........... ... 15 degrees
Vehicle Snagging... .No
Vehicle Pocketing.......ccoeeeccevnenee. NO
Test Article Deflections
DymamiC: i aiibinsnanaad: 159 mm
Permanent.... .5mm
Working Width ... 159 mm
Vehicle Damage
VDS 01RFQ4
cDC... .01FREW3
Max. Extcrlor Defon'nallon . 220 mm
Max. Occupant Compartment
Deformation.............c.c..cceneeee. 30 MM

Figure 10. Summary of results for NCHRP Report 350 tcst 4-10 on the VGAN 300 aluminum bridge rail.
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General Information Impact Conditions Post-Impact Trajectory

TestAQONGY: s Texas Transportation Institute Spend: i 100.7 km/h Stopping Distance .............cccccee.. 40.2 m dwnstrm

Testing Standard Test No........ NCHRP Report 350 4-11 Angle ... w24 .4 degrees 1 m twd traffic

Test NO. oo, 401761-VGL2 LocauonfOnentatlon oo At post 4 Vehicle Stability

DaLe i aiss 2010-04-28 Exit Conditions Maximum Yaw Angle..................... 114 degrees
Test Article SpeRd i 68.5 km/n Maximum Pitch Angle. .. 19 degrees

L) 1 Pt A T Bridge Rail ANGIE cii e 7.2 degrees Maximum Roll Angle... .. =27 degrees

Name .......ccoevenne .. VGAN 300 Aluminum Bridge Parapet Occupant Risk Values Vehicle Snagging.... ..No

Installation Length ................... 30.3m Impact Velocity Vehicle Pocketing..........................No

Material or Key Elements ........ 3 horizontal extruded 6082 T6 aluminum Longitudinal...........coenennc 6.6 m/s Test Article Deflections

tubes sections on A444.0 T4 aluminum Lateral........ciusmsmssermmasaranna 7.5mis DYNamiC. ..o ieas 360 mm
posts spaced at 244 m Ridedown Accelerations Pamianent ... onmmmmmnesing 180 mm

Soil Type and Condition........... Concrete Deck, Dry Longitudinal.........ccovueeeennns -18.2G Workdng Width .o anans 520 mm
Test Vehicle Lateral ....... 126G Vehicle Damage

Type/Designation..................... 2000P THIV ...... 35.7 km/h VDS iiiviviisessmmmnsnesnpsrssasnsasssssansas 01RFQ4

Make and Model... .. 1997 Chevrolet C2500 Pickup |2 5 | 0 O 99G "

Curb..cccveiierinenns 2174 kg ASI 1.48

Test Inertial 2083 kg Max. 0.050-s Average Max. Occupant Compartment

Dummy ...... .. No dummy Longitudinal.. -10.7 G Daformation:isainnimnig 100 mm

Gross Static ......cccovvveiiininien 2083 kg Lateral ....... L1176

Vertical ..o 576G

Figure 17. Summary of results for NCHRP Report 350 test 4-11 on the VGAN 300 aluminum bridge rail.
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General Information
Test Agency....
Testing Standard Test No,
Test No.

.. Texas Transportation Institute
NCHRP Report 350 4-12
401761-VGL3

Date .. .. 2010-04-29
Test Article
Type.... ..... Bridge Rail
Name . . ... VGAN 300 Aluminum Bridge Parapet
Instal!almn Lenglh e 303 M
Material or Key Elemenls ........ 3 horizontal extruded 6082 T6 aluminum
tubes sections on A444.0 T4 aluminum
posts spaced at 2.44 m
Soil Type and Condition........... Concrete Deck, Dry
Test Vehicle
Type/Designation. ... 800058
Make and Model.. .... 1999 International 4700
Curb ..o ... 5647 kg
Test Inertial................. .. 7951 kg
Dummy ... .. No dummy

Gross Static..........ccceeeecininnnee. 7951 kg

Impact Conditions
Speed
Angte

Occupant Risk Values
Impact Velocity

Longitudinal

Lateral ...........

Ridedown Accelerations
Longitudinal.........ccceunn.

Lateral ...
THIV ......
PHD ..
ASI.

....82.1 km/h

.16.6 degrees

..... 710 mm dwn

of post 4

..... Not obtainable

Not obtainable

39mis

L34 mis

..... 4.4 G

Max. OOIgO»sAverage

Longltudmal
Lateral ..
Vertlcal

Post-Impact Trajectory
Stopping Distance ............ccccvenne.

Vehicle Stability
Maximum Yaw Angle.........ccccconnin.
Maximum Pitch Angle..
Maximum Roll Angle..........cccceeeeees
Vehicle Snagging.‘,,,..,.....,.........,...
Vehicle Pocketing...
Test Article Deﬂecﬁons
Dynamic....
Permanenl TR e i—
Working Width
Vehicle Damage
CDC
Max. Exterior Deformation.............
Max. Occupant Compariment
Deformation..........cccccoimemnecsanes

Figure 23. Summary of results for NCHRP Report 35(J"lt:5t 4- 12 (;n the VGAN 300 aluminum bridge rail.
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No
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