September 14, 2001
Refer to: HSA-10/CC75

Mr. James R. Keaton

Vice President of Sales and Marketing
Barrier Systems, Inc.

180 River Road

Rio Vista, CA 94571-1208

Dear Mr. Keaton:

In your August 31 letter, you provided design and test information on two versions
of a new redirective crash cushion called the TAU-II, and requested the Federal
Highway Administration’s (FHWA) approval of these units as NCHRP Report 350
test level 2 (TL-2) and test level 3 (TL-3) devices, respectively. The design and test
information was contained in three reports prepared by Safe Technologies, Inc.:
“NCHRP Report 350 Crash Test Results TAU-II Redirective, Non-Gating Crash
Cushion,” dated August 15, 2001, “NCHRP Report 350 Crash Test Results TAU-II
Redirective, Non-Gating Crash Cushion — Addendum 1,”dated August 31, 2001, and
“NCHRP Report 350 Crash Test Results TAU-II Redirective, Non-Gating Crash
Cushion — Test Level 2,” also dated August 31, 2001. Test data, including videos,
were submitted on CD-ROMs and the crash tests themselves were also submitted in
VHS format.

The TAU-II is a redirective crash cushion designed to shield the ends of median
barriers and similar narrow fixed objects. It consists of Type A and Type B
expendable Energy Absorbing Cartridges (EACs) separated by steel diaphragms
within a framework of Thrie-beam rail panels. The EACs are made from black
cross link polyethylene. To accommodate side impacts, two steel cables are attached
to the bottom of the diaphragms and anchored at the front and rear of the unit.

The effective length of the TL-3 system is 8.2 m with a height of 929 mm and a width
of 889 mm. Type A cartridges are used in the first three bays and Type B cartridges
are used in the remaining five bays. The TL-2 unit is similar in height and width,
but is only 4.7 m long and uses one Type A EAC in the first (nose) bay and Type B
EAC:s in the remaining 3 bays. Both units are bolted to inserts epoxied in holes
drilled into 254-mm thick reinforced concrete pads. Enclosure 1 consists of
drawings that show the layouts and selected components of both the TL-2 and TL-3
designs.

For the 8-bay TL-3 unit, the full compliment of tests recommended in NCHRP
Report 350 was successfully conducted. Enclosure 2 includes the test summary
sheets for these tests (Tests 3-30, 3-31, 3-32, 3-33, 3-36, 3-37, 3-38, and 3-39). Since
the shorter TL-2 unit is comprised of the same components, only those tests directly
affected by the length of the TAU-II were deemed necessary, i.e., the head-on and



angled tests into the nose of the unit (Tests 2-30, 2-31, 2-32, and 2-33). Because test
2-33 repeats test 2-32 (with the 2000-kg pickup truck in lieu of the 820-kg car) it was
also considered unnecessary since the small car test is more critical for a device like
the TAU-II. The summary sheets for tests 2-30, 2-31, and 2-32 are shown in
Enclosure 3.

You also provided drawings of transition designs to use when the TAU-II is installed
in a narrow median or other locations where reverse direction impacts are a
possibility. The drawings for the transitions from a median barrier to the TAU-II
shown in Enclosure 4 are acceptable. The connection to a rigid concrete median
barrier is a standard design and the transitions from metal beam median barriers
are similar to guardrail to bridge rail transitions that have been successfully tested
in the past. Therefore, none of these designs require additional testing.

Based on staff review of the information you provided, I agree that that the 4-bay
TAU-II and the 8-bay TAU-II, as tested, meet the appropriate NCHRP Report 350
evaluation criteria for TL-2 and TL-3 redirective crash cushions, respectively, and
may be used on the National Highway System when such use is acceptable to the
contracting agency. Since the TAU-II is a proprietary crash cushion, its use on
Federal-aid projects, except exempt, non-NHS projects, is subject to the conditions
listed in Title 23, Code of Federal Regulations, Section 635.411.

Sincerely yours,

(original signed by Frederick G. Wright, Jr.)

Frederick G. Wright, Jr.
Program Manager, Safety
4 Enclosures
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Figure D-1

TAU II Report - APPENDIX
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ITEM DWG

PART DESCRIPTION

SPECIFICATION

1 1

TAU II™ BARRIER SYSTEM
6 STRONG POST

12 BLOCKOUT

5 4-SPACE THRIE-BEAM

2
3
4
5 24 RECTANGULAR GUARDRAIL WASHER AASHTO HARDWARE SPEC. (FWR03)
6
7

12 GALVANIZED HEX BOLT AND NUT
8 SPACER BLOCKOUT

LENGTH AS REQUIRED
STANDARD WOOD OR STEEL STRONG POST
STANDARD WOOD OR STEEL THRIE BEAM BLOCKOUT
AASHTO HARDWARE SPEC. (RTM04a)

AASHTO HARDWARE SPEC. (FBX16a)
STANDARD WOOD OR STEEL TRANSITION SPACER

DWG #

N/A
N/A
N/A
N/A

N/A

N/A
N/A

A5 | 183 |~ TRANSITON SPACINGAN
— 27} ©) PP} (475 mm) -
\\ \ Amww 33v Ammw Bav Amoo m:._ﬂ:v
7/ _ _ -
Bn © \
N\ o
I I I
7 o
o o
1 1 1
— 3 |
) ) 12 3 241 — 37
(314 mm) (622 mm) (955 mm)
162 3
(4130 mm)
O] o1 o1 61 61 61
To1 TO1 o1 TO1 TO1 [61
!
30
9 TRANSITION SPACING IS IN ACCORDANCE
WITH AASHTO SPEC STBO6 S S U S S S
AND NEVADA DOT SPEC. R-8.4.3.
& TWO SECTIONS OF RTMO4a GUARDRAIL
ONE SET INSIDE THE OTHER USED
ON THIS SIDE FOR BI—DIRECTIONAL —
. . m0>_lm“ = on_. Mﬂ 'olerance
TRAFFIC CONDITIONS © 2001 Berer Sytam, inc. 1=20 __f i S
NOTE: The m__ﬂo:_am%ﬂn :awo:mw% RAWN BY 1 07/02/01 | RGC WM xxxmww m%
THICKNESS O WELD T0_BE EQUAL mov,_,sm“\z_aﬂ_ be dcoset, TITLE:TAU Il CRASH CUSHION MODEL | DRAWING NUMBER REV.
BEING JOINED. WELD TO BE ALL [without the express written TRANSITION TO_ THRIE—BEAM B0O10/24—-PD
AROUND UNLESS OTHERWISE NOTED. Jupproval of Barrier Systems Inc] REV. CHANGES DATE | BY JREQ'D | NEXT ASSY. | TEM BARRIER SYSTEMS, INC.
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DWG #

N/A
N/A
N/A
N/A

N/A
N/A

ITEM DWG PART DESCRIPTION SPECIFICATION
1 1 TAU II™ CRASH CUSHION LENGTH AS REQUIRED
4 1 PERMANENT CONCRETE BARRIER N/A
5 1 4-SPACE THRIE BEAM GUARDRAIL AASHTO HARDWARE SPEC (RTM01b)
6 1 THRIE BEAM BRIDGE SHOE AASHTO HARDWARE SPEC. (RTE01b).
RECTANGULAR GUARDRAIL
4 8 WASHER AASHTO HARDWARE SPEC. (FWRO03)
8 17 GALVANIZED HEX BOLT AND NUT AASHTO HARDWARE SPEC. (FBX16a)
(4041 mm) ( (

o mf

o /I\g

o [

AN / o

& 37 4 /@

TRANSITION SPACINGAN ™ g5 2

NOTES:
A\ TRANSITION SPACING IS IN ACCORDANCE WITH CAL-TRANS SPEC. A78 AND NEVADA DOT SPEC. R-8.4.3.

/2\ TRANSITION BLOCKOUTS AND SPACERS IN ACCORDANCE WITH NEVADA DOT SPEC. R-8.4.3.
A\ WOOD SPACER BLOCKS (OF THE PROPER DIMENSIONS) MAY BE SUBSTITUTED FOR THE DETAILED STEEL BLOCKS.

5T T J(I): 5
=T 5T () 2
142 3
(3616 mm)

(© 2001 Barrier Systems, Inc.

Standard Tolerance

NOTE: The information heron is
THICKNESS OF WELD TO BE EQUAL [proprietary to Barrier Systems

TO THE THINNER OF 2 PIECES  Bociociedor vaod ibansie vl =

BEING JOINED. WELD TO BE ALL  [without the express written
AROUND UNLESS OTHERWISE NOTED. fapproval of Barrier Systems Inc§ REV. CHANGES DATE [BY JREQD [ NEXT ASSY.

DRAWING NUMBER

SCALE: 1=20 Angular  + 1/2
DATE INT._J| Fractional + 1/16
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CRASH TEST SERVICES

t=0.000 sec t=.50sec t=.100sec
(Impact 0 degree w/4 on nose) .
Typical
88g [35) ! Test Level-2 System
Impact Nose at 15 deg l (4 bay)
@ 70.0 km/h
829 [32 5/8] ot i
WXy b =
= Permanent Lateral Deflection =43 mm 4280 [168 1/2] !
Dynamic Lateral Deflection =129 mm 718 [185 3/4]

General Information Exit Conditions

TeSt AGeNCY......oouiiiiiiii SAFE TECHNOLOGIES, INC. Speed (KM/h).....ooiii 10.8 km/h (6.7 mph)

Test Designation............c.oeeviiieiiiineieeieeans NCHRP Report 350 2-32 (Head On Angled) ANGIE (dEQ)...uevnieniiieieiei e Recoil

Test No.... ... STl Test #TAD32 Occupant risk Values

Date. ..o 8/27/2001 Impact Velocity (m/s)
Test Article x-direction

TYP. o Barrier Systems, Inc. y-direction

TAU Redirective, Non-Gating, Crash Cushion Ridedown Acceleration (g's)

Installation Length..........c.cooviiniiiiiiiiiinnnnnns 4.3 meters (8 bay system) X-AIreCtion........ovvviiiii -11.1

Size and/or dimension and material y-direction.... ....6.5

of key elements............ccoociiiiiii Height 929 mm, Width 889 mm, THIV (M/S). e, 1.2

Mass 913 kg / 4 bay system

Test Vehicle

820C

... 785.5
824
DUMMY(S)..eieiieiiiee e 75
Gross Static 900
Impact Conditions
Speed (km/h)........oooi 70
Angle (deg)................ .. 15
Impact Severity (KJ).....cccoviiiiiiiiiiiiiieen, 155.9

Production Model

1989, Ford Festiva

Test Article Deflection (mm)
DyNamiC........coovuniiiiiiiiie e
Permanent

Vehicle Damage
Exterior

VDS...

Post-Impact Vehicular behavior (deg - gyro @ c.g.)
Maximum Roll Angle...............coooiiinnts 2.6
Maximum Pitch Angle... .
Maximum Yaw Angle........cccooeiiiiiiiininnnnnn, -37.3

Figure 11. Summary of Results Test #TAD32
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CRASH TEST SERVICES

t=.100sec

t=.300sec t=.800sec

t=0.000 sec

t=.50sec

1I-QvL

T1oA9T 189 - Hodey 189, 0$¢ Hodoy IIHON

Z1 93eq

(Impact Centreed on Nose) | _;’: =y Lﬂ\ N — D P— |° : Typical
Impact at 0 deg 889 [35) ,_E]: \ W. \ \ Hl., Test Level-2 System
@ 67.9 km/h F4.3 m# | S | S s (4 Bay)
T P2][ 3 [ 4 [BACK] T = :
= F 829 [32 5/8 !
o=
Permanent Lateral Deflection =70 mm . !
Dynamic Lateral Deflection =141 mm 18 1185 374)
General Information Exit Conditions
Test AQENCY......ccoviiiiiiiiiiicc SAFE TECHNOLOGIES, INC. Speed (km/h).......coooiiiiiii n/a
Test Designation.............cco.cooviiiiiinne NCHRP Report 350 2-31 (Head On) Angle (deg).......ooovviiiiiiiii n/a
TeSENO. e STI Test #TAD31 Occupant risk Values
Date...cvniiiie 8/15/2001 Impact Velocity (m/s)
Test Article x-direction
LI/ o1 TPt Barrier Systems, Inc. y-direction
TAU Redirective, Non-Gating, Crash Cushion Ridedown Acceleration (g's)
Installation Length............cccooveiiniiiinnnan, 4.3 meters (8 bay system) x-direction..............oooi -11.2
Size and/or dimension and material y-direction...........occooiii, 1.8
of key elements..............coiii Height 929 mm, Width 889 mm, THIV (M/S).ceiiiiii 8.6
Mass 913 kg / 4 bay system PHD (9'S) v vnetieiiiiie e 11.2
Test Vehicle AS . 0.8
Production Model Test Article Deflection (mm)
2000P DYNamicC......ccuviuiiiiiiieiiee e

1989, Chevrolet Scottsdale 2500
3/4 Ton Pickup

Mass (kg)
CUMD.L 1854
Test Inertial.........ccocooviiniiiiii, 1980
DUMMY(S).nieiiieieee e n/a
Gross StatiC.........coevviiiiiiiiiiii 1980
Impact Conditions
Speed (Km/h)......ooooiiiiii 67.9
Angle (deg)........ooviiiiiiiii e 0
Impact Severity (KJ).........cooooiiiiiiiiii 351.7

Permanent
Vehicle Damage

Exterior
VDS, FC-2
CDC...oiiiiiiiii 12FDEW2
Interior
OCDL. ..o, AS0000000
Post-Impact Vehicular behavior (deg - gyro @ c.g.)
Maximum Roll Angle................cocooiiiiinnn. 2.8
Maximum Pitch Angle...................cooo. -2.4
Maximum Yaw Angle............cocooiiiiiiininnns -7.3

Figure 6. Summary of Results Test #TAD31
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. S

t=0.000 sec

t=.50sec

Impact at 0deg-w/4
@ 68.8 km/h

ﬁ4.3 m-—»

(Impact 0 degree w/4 on nose)

-(1 2| 3|4 |BACK

Permanent Lateral Deflection =22 mm
Dynamic Lateral Deflection =159 mm

t=.100sec t=.350sec
— T I — !
1 = 4 | J//\\H TR Ejk: Typical
889 [35] 1|—o—| 1 [ IL\ L ,H L Test Level-2 System
| = | S ) S S 3 (4 bay)
829 [Jz 5/6) == !
TP = .

i

4280 (168 1/2) !

4718 [185 3/4]

General Information

Exit Conditions

TeSt AQENCY....uvniiiiiii e SAFE TECHNOLOGIES, INC. Speed (km/h)
Test Designation NCHRP Report 350 2-30 (Head On) ANgle (deg)....ovuiriiiiiiii
TESEINO. e STI Test #TAD30 Occupant risk Values
Date. ... 8/14/2001 Impact Velocity (m/s)
Test Article X-direction.........ooooviiiii 10.9
B3 oL TN Barrier Systems, Inc. Y-direction........covvuiiiii -1.2
TAU Redirective, Non-Gating, Crash Cushion Ridedown Acceleration (g's)
Installation Length.............ccoeiiiiiiiiiiiininnenes 4.3 meters (8 bay system) X-direCtioN.......oviiiiii -11.6
Size and/or dimension and material Y-direction.........oooiiiiiiiii 5.8
of key elements...........coooiiiiiiiiiiii Height 929 mm, Width 889 mm, THIV (M/S).eeiiiiiie e, 11.4
Mass 913 kg / 4 bay system PHD (9'S). e ctnieneeieieee e 12.9
Test Vehicle ASL e 1.04
TY P et Production Model Test Article Deflection (mm)
Designation............coooviiiiiiiiii 820C DYyNamiC.......coouiiiiiiiiii e 159
MOdEl. ... 1988, Ford Festiva Permanent...........ccooiiiiiiiiiii 23
Vehicle Damage
Mass (kg) Exterior
CUMD . e 755 VDS o FC-2
Test Inertial.........c.ooeveiiiiiiiiiiiee 839.5 CDC .. 12FYEW2
DUMMY(S). e 75 Interior
Gross Static 915 OCDL i AS0000000
Impact Conditions Post-Impact Vehicular behavior (deg - gyro @ c.g.)
Speed (KM/h)...oouiiii 68.8 Maximum Roll Angle...............coeiiiininnnnn. -7.5
Angle (deg)............. .0 Maximum Pitch Angle.... . -6.8
Impact Severity (KJ).........cooveiiiiiiiiiii, 153.4 Maximum Yaw Angle........cccooiiiiiiiiininnnnn. -212.5

Figure 1. Summary of Results Test #TAD30
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CRASH TEST SERVICES

t=.50sec

t=0.000 sec

(Impact 3.2 m upstream from nose)

Typical 8 Bay TAU System

Impactat 20 deg kiS.Z m ——m ExitAngle < 2 deg i T f z T
@ 98.5 km/h @ 62.2kmh 889 (351 (E»—o— i —o—] —o—] t i Overhead
BACK] 8 716543 [2]1
Side
Permanent Lateral Deflection =168mm I
Dynamic Lateral Deflection = 460mm 7747 3053 |
BI85 [322 1/4]
General Information Exit Conditions
TSt AGENCY. ... i SAFE TECHNOLOGIES, INC. Speed (KM/N)....uiiiiiiiii e 62.2 (38.6 mph)
Test Designation..........ccoovviiiiiiiiiiiiieenns NCHRP Report 350 3-39 (Reverse Hit) ANgle (dEQ). .. v 1.3
TeStNO.....iii STI Test #TAD14 Occupant risk Values
Date.. ... 7/3/2001 Impact Velocity (m/s)
Test Article X-direction........ccooeeiiiiiii 4.4
L oL T PN Barrier Systems, Inc. y-direction.........coooeiiiiiiii -6.2
TAU Redirective, Non-Gating, Crash Cushion Ridedown Acceleration (g's)
Installation Length.................ocooiinin 8.2 meters (8 bay system) x-direction
Size and/or dimension and material y-direction...
of key elements...........cooviiiiiiiiiiiii Height 929 mm, Width 889 mm, THIV (M/S) et 6.9
Mass 1383 kg / 8 bay system PHD (g's)
Test Vehicle ASLL .
BN/ o 1= T PPN Production Model Test Article Deflection (mm)
Designation..............ooooiiiii 2000P DynamicC........cooviiiiiiiiii 460
Model......c.ouii 1988, Chevrolet Scottsdale 2500 Permanent............ccoooiiiiiiii 168
3/4 Ton Pickup Vehicle Damage
Mass (kg) Exterior
CUM. e 1857 VDS et LD-4
TestInertial........ccocovviiiiiiiiie 1974 CDC.. i 11LDES2
DUMMY(S). .t n/a Interior
Gross StatiC.......c.coveiviiiiiiiiiiic 1974 OCDI. i AS0103100
Impact Conditions Post-Impact Vehicular behavior (deg - gyro @ c.g.)
Speed (kKm/h)........coooiiiiiii 98.5 Maximum Roll Angle...................coo. -11.3
Angle (deg).....ocuvevviiiiii 20 Maximum Pitch Angle..............ocooiviininnns -6.2
Impact Severity (KJ)........coovviniiiiiiiiinin 86.3 Maximum Yaw Angle.........ccooviiiiiniininnnnns 16.3

Figure 1. Summary of Results Test TAD14
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t=0.000 sec t=.50sec t=.100sec

t=.200sec t=.400sec

(Impact CIP - 3.6 m downstream from nose)

Typical Test Level 3 System (8 Bay)

Impact CIP at 20 deg 8.2 mﬂ Exit Angle 12 deg T (I = ﬁr" = - Overhead
97.2 kmth 899 (351 nall| —1 | i
¢ N N A LTS @errimn 1 == == =
\/@ % 929 (36 9/161 Side
1
Permanent Lateral Deflection =117 mm 7747 [205) Il
Dynamic Lateral Deflection =479 mm 8185 [322 1/4]
General Information Exit Conditions
TeSt AQeNCY.....ccoviiiiiiiiiiiicc SAFE TECHNOLOGIES, INC. Speed (Km/h).......coooiiiii 81.7 (50.8 mph)
Test Designation...........cocoeviiiiiiiiiiiiiiienns NCHRP Report 350 3-38 (CIP) ANgle (d€Q). .. v 12
TESENO. .o STI Test #TAD15 Occupant risk Values
Date....coviiie 7/6/2001 Impact Velocity (m/s)
Test Article x-direction...............oo 3.7
L oL TP Barrier Systems, Inc. y-direction...........ooiiiiiiii -5.5
TAU Redirective, Non-Gating, Crash Cushion Ridedown Acceleration (g's)
Installation Length.............cccoooeiiiniiininnnnn. 8.2 meters (8 bay system) x-direction.............coooi, -10.8
Size and/or dimension and material y-direction...............o 17.6
of key elements...........cooooeiiiiiiiiiiiie Height 929 mm, Width 889 mm, THIV (M/S) e, 5.9
Mass 1383 kg / 8 bay system PHD (G'S).tt ettt 18.5
Test Vehicle ASL 1.07
.. Production Model Test Article Deflection (mm)
2000P DYNaMIC. ...vuiiiiiie e 479
1990, Chevrolet Cheynne 2500 Permanent...........cccoooiiiiiiiii 117
3/4 Ton Pickup Vehicle Damage
Mass (kg) Exterior
CUMD. 2003 VDS o LFQ-3
TestInertial........ccoooiviiiiiiiiis 1965 CDC .. 11FLEE3
DUummy(S)...ccouneiiieiiiee e n/a Interior
Gross StatiC.........ovevviuiiiiiiiiiie 1965 OCDL. it AS1113100
Impact Conditions Post-Impact Vehicular behavior (deg - gyro @ c.g.)
Speed (Km/h).......oooiiiiiiiiiiic 97.2 Maximum Roll Angle...............coooiiin. -13.8
Angle (deg)........ocoouiiiiiiiii 20 Maximum Pitch Angle.....................l -5.3
Impact Severity (KJ)........coooveiiiiiiiiin 83.9 Maximum Yaw Angle..........ccoovviiiiniininnnnns 48

Figure 6. Summary of Results Test #TAD15
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CRASH TEST SERVICES

= '.' r".."

t=.250sec t=.450sec
870 mm d eam from nose) Typical 8 Bay System
Permanent Lateral Deflection =48 mm aaaTtasa EJ:j J‘fj e 'H\“HT -I Overhead
Dynamic Lateral Deflection =477mm 1 === ] = : LI—-JL-I- h—L— |§--.|.‘-f ; -
I T3 = 3 = 3 > > = = sid
929 [36 9/16] | =3 * ’ i - ¥ - ] ide
11213 TalsT6] 716 BAcK ) ] _M i hid pid hid pis 1L :H_
ImpaC((t@Lgl\-lgaktnﬁ? deg g 82m—» Em@t/—\_/r;g?I?ekSmc:]eg 7747 (2051 Il
8185 [322 1/4]
General Information Exit Conditions
TeSt AQeNCY.....ccoviiiiiiiiiiiicc SAFE TECHNOLOGIES, INC. Speed (Km/h).......coooiiiii 77.7 (48.2 mph)
Test Designation...........cocoeviiiiiiiiiiiiiiienns NCHRP Report 350 3-37 (LON) ANgle (d€Q). .. v 8
TESENO. .o STl Test #TAD16 Occupant risk Values
Date....coviiie 7/9/2001 Impact Velocity (m/s)
Test Article X-direction............ooooiii 2.2
L oL TP Barrier Systems, Inc. y-direction...........ooiiiiiiii 4.8
TAU Redirective, Non-Gating, Crash Cushion Ridedown Acceleration (g's)
Installation Length.............cccoooeiiiniiininnnnn. 8.2 meters (8 bay system) x-direction.............coooi, -11.5
Size and/or dimension and material y-direction...............o -13.8
of key elements...........cooooeiiiiiiiiiiiie Height 929 mm, Width 889 mm, THIV (M/S) e, 49
Mass 1383 kg / 8 bay system PHD (G'S).tt ettt 14.4
Test Vehicle ASL 1.09
.. Production Model Test Article Deflection (mm)
2000P DYNaMIC. ...vuiiiiiie e 477
1989, GMC Sierra Permanent..........cccoooiiiiiiiii, 48
3/4 Ton Pickup Vehicle Damage
Mass (kg) Exterior
CUMD. 1864 VDS o RFQ-3
TestInertial........ccoooiviiiiiiiiis 1973 CDC .. 01RFEW?2
DUummy(S)...ccouieiiiiiiici e n/a Interior
Gross StatiC.........ooevveiuiiiiiiiiiiiie 1973 OCDIuiiiie e AS0000000
Impact Conditions Post-Impact Vehicular behavior (deg - gyro @ c.g.)
Speed (Km/h).......oooiiiiiiiiiiic 97.9 Maximum Roll Angle...............coooiiin. 131
Angle (deg)........ocoouiiiiiiiii 20 Maximum Pitch Angle.....................l 6.2
Impact Severity (KJ)........coooveiiiiiiiiin 85.3 Maximum Yaw Angle..........ccoviiiiiiiiininnnnns 150.7

Figure 11. Summary of Results Test #TAD16
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t=0.000 sec T=.5056C t=.250sec t=.400sec
(Impact 870 mm dowr from nose) Typical 8 Bay System
Permar}ent Lateral Deﬂe_ction =48 mm 889 (351 ( el i\W : I I - Overhead
Dynamic Lateral Deflection =477 mm l ' = = L__‘L___' A ,r____[___,' !____J -
f @‘i,\/ m Cll ll J-I 1! J.I J.I J-I J-I | 1
z\3|4\5\6\7\8\BAOA 9”:;‘%53 = : } : I ] : L ; iy Side
MU 0 == e e | T AR ST | RIEET | Gppphp: 31
Impact LON at 15 deg 8.2m ExitAngle 3 deg 7747 (3053 I
@ 97.0 km/h @ 84 kmh 1
6185 (322 1/4]
General Information Exit Conditions
Test AGENCY......cooviiiiiiiiii SAFE TECHNOLOGIES, INC. Speed (Km/h).......coooiiiiiiii 84 (52.2 mph)
Test Designation.................cooii NCHRP Report 350 3-36 (LON) ANgle (deg).....ccouuiiiiiiiiiiie e 3
TestNO.....ii STI Test #TAD17 Occupant risk Values
Date......oieiiii 7/10/2001 Impact Velocity (m/s)
Test Article X-Airection..........cooeeeiiiiii 1.9
LY PPN Barrier Systems, Inc. y-direction........c.ovviiiiii 4.6
TAU Redirective, Non-Gating, Crash Cushion Ridedown Acceleration (g's)
Installation Length............ccociiniiiiiiinnnnnnnni, 8.2 meters (8 bay system) X-direCtion.........cooeiiiiiii -2.2
Size and/or dimension and material y-direction.............oooi -13.2
of key elements.................oooi Height 929 mm, Width 889 mm, THIV (M/S)..iii 4.7
Mass 1383 kg / 8 bay system PHD (g's)....
Test Vehicle AS .

Production Model Test Article Deflection (mm)
.. 820C Dynamic

1989, Ford Festiva Permanent
Vehicle Damage
Mass (kg) Exterior
CUMD.L . 747 VDS, e RFQ-2
TestInertial........ccoooiiiiiiiiie 808 CDC et 01RFEW1
DUMMY(S)...uiviiiiiiiiiiie e 75 Interior
Gross StatiC........ccovvevveiiiiiii 883 OCDI. . i AS0000000
Impact Conditions Post-Impact Vehicular behavior (deg - gyro @ c.g.)
Speed (KM/N)...o.ovviiiiiiii e 97 Maximum Roll Angle..........c.cooiiiiiiiinininnnn. 7
ANGlEe (dEQG). . neniiiiieie e 15 Maximum Pitch Angle............coocoviiiiiiininns, 1.3
Impact Severity (KJ).........ccoooiiiiiiii 19.7 Maximum Yaw Angle..............ccoooiiiiiinnns -24.9

Figure 16. Summary of Results Test #TAD17
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t=.100sec

t=.50sec

t=0.000 sec

t=.150sec

t=.450sec

t=.400sec

Permanent Lateral Deflection =127 mm (Impact Centreed on Nose)

Dynamic Lateral Deflection =375 mm

Typical Test Level 3 System (8 bay)

f —_—

8.2 m—»

i —] — p—— ""1 F—"‘-l — v
Ext Speed 9.7 km/h 89 1353 . |
| == | =T |l | A | BLE
1215 415 6]7]¢e back] w15 m N T r ¥ L T T
. L L i L L [N

§ .l.l JI
Impact CIP at 15 deg %29 [36 97161

@ 96.5km/h 21.0m

i i E—

FT4T [205] |

6185 (322 1/4]

Overhead

Side

General Information
Test Agency..... .... SAFE TECHNOLOGIES, INC.
Test Designation...........ccoeovviiiiiiiiiiieieens NCHRP Report 350 3-33 (Head On)
TeSt NO. .o STI Test #TAD29

8/10/2001

Barrier Systems, Inc.
TAU-II Redirective, Non-Gating, Crash Cushion

Installation Length..........cccccoviniiiiiiiiiniiinnnnns 8.2 meters (8 bay system)
Size and/or dimension and material
of key elements.............ccoeeiiiiiiiiiiiiiin, Height 929 mm, Width 889 mm,
Mass 1383 kg / 8 bay system
Test Vehicle
TYPC. e Production Model
Designation..........ccovviiiiiii 2000P
Model. ..o 1989, GMC Sierra
3/4 Ton Pickup
Mass (kg)
CUMD. . 1908
TestInertial..........covveiiiiiiii 1982
DUMMY(S) e et n/a
Gross StatiC.......c.ooevviiiiiiiiii 1982
Impact Conditions
Speed (Km/h).....c.oooiiiiiiii 96.5
Angle (deg)........coooiiiiiiii 15
Impact Severity (KJ)........ccoovviiiiiiiiini 712.4

Exit Conditions
Speed (km/h).. .
ANGIE (AEG). . euieiiieeiei e 70

Occupant risk Values

Impact Velocity (m/s)

X-direction..........cocooiiiiiiii 8.6
y-direction...........cooiiii 0.4
Ridedown Acceleration (g's)
X-direction...........oooooeiiiii -8.6
Y-direction..........coooiiiiiiii 3.4
THIV (m/s)
PHD (9'S). - e eeemeeetaeeiieeei e 8.7
ASceii 0.63
Test Article Deflection (mm)
DYNamIC. ... 375
Permanent..........cooooviiiiiiii 127
Vehicle Damage
Exterior
VDS, e FC-1
CDC et 12FDEW1
Interior
OCDI. it AS0000000
Post-Impact Vehicular behavior (deg - gyro @ c.g.)
Maximum Roll Angle..............o.coooiiiininannn. 71
Maximum Pitch Angle......................s 5.4
Maximum Yaw Angle..........cccovviiiiiiininnnnns -168.7

Figure 31. Summary of Results Test #TAD29

..9.72 (6.0 mph)
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t=0.000 sec t=.50sec t=.100sec t=.200sec t=.300sec t=.400sec
(Impact Centered 15 degrees on Nose) Typical 8 Bay System
Impact at 15 deg 82m ‘ mitm ( ﬁv,iﬂ : A FJ - Overhead
@ 103.4 kmth o T l ] e (e b : | | ]
Cll A J.I 1! J.I J.I J.I J.I ll_ .
- Q 54 m 929 136 9161 | Sk : . $ 1 : : ' Side
T UMD P | AR SR 1
’*48 m-—» :\‘!m 7747 (3051 !
BI85 (322 1/4]
General Information Exit Conditions
TeSt AGENCY.....ccovniiiiiiiiic SAFE TECHNOLOGIES, INC. Speed (KM/h)......oooiiii n/a
Test Designation..............c.coeiiiiiiiiii. NCHRP Report 350 3-32 (Head On Angled) Angle (deg)........oovveiiiiiiii n/a
TeStNO. ... STI Test #TAD34 Occupant risk Values
Date.. oo 8/28/2001 Impact Velocity (m/s)
Test Article x-direction
TP Barrier Systems, Inc. y-direction
TAU Redirective, Non-Gating, Crash Cushion Ridedown Acceleration (g's)
Installation Length.................ccooiiinins 8.2 meters (8 bay system) x-direction.............coooii -14.7
Size and/or dimension and material y-direction.............coiiii -10.2
of key elements..............coooiii Height 929 mm, Width 889 mm, THIV (M/S). i 11.7
Mass 1383 kg / 8 bay system PHD (9'S).ccv e 17.8
Test Vehicle ASH . 1.1
Production Model Test Article Deflection (mm)
.. 820C DYNamiC......oouviiiiiieiei e
1990, Ford Festiva Permanent
Vehicle Damage
Mass (kg) Exterior
CUM e 770.5 VDS .. FL-4
Test Inertial.........ccooooiiiiiiiie 831 CDC e 11FDEW4
DUMMY(S)eiveieieiee e 75 Interior
Gross StatiC.........coeeveiiiiiii 907.5 OCDI. i AS0122000
Impact Conditions Post-Impact Vehicular behavior (deg - gyro @ c.g.)
Speed (KM/).....oooiiiiii 103.4 Maximum Roll Angle..........cccooeiiiiiniinnninns 18.3
ANglE (dEJ). . unieiiiiiiiiii e 15 Maximum Pitch Angle.................c..ooies -12.6
Impact Severity (KJ).......ccooovieiiiiiiiiien, 343 Maximum Yaw Angle...........ccooeiiiiinnennennnn. -220.4
TAl Figure 1. Summary of Results Test #TAD34
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t=0.000 sec

t=.50sec t=.100sec

t=.200sec

t=.300sec t=.400sec

(Impact Centreed on Nose)

Typical 8 Bay System

Impactat 0deg 8.2m 90*31.!:35.1 ( fﬂ‘i ] Lr-\.‘l ] wﬁ Overhead
@ 98.3 km/h ], L H
‘E] T 6] 7] 8 |BACK L -
| L o == 929 (36 9/16) ‘ : Side
Permanent Lateral Deflection =24 mm L |
Dynamic Lateral Deflection =151 mm 7747 309 !
8185 [322 1/47
General Information Exit Conditions
Test Agency........ .. SAFE TECHNOLOGIES, INC. Speed (km/h).... n/a
Test Designation NCHRP Report 350 3-31 (Head On) ANGlEe (AEQG). ... euiniiiiiice e n/a
STI Test #TAD28 Occupant risk Values
.. 8/8/2001 Impact Velocity (m/s)
X-direCtion.........oovviiiiii 8.2
Barrier Systems, Inc. y-direction...........ocooiiiiiiii 0.1
TAU Redirective, Non-Gating, Crash Cushion Ridedown Acceleration (g's)
Installation Length...........c..cooiiiiiniiniiiinenne. 8.2 meters (8 bay system) X-direCtion.........coooviiiiiii -18
Size and/or dimension and material y-direction..............oo -3
of key elements.............oooiiiiiiiiiiiiii Height 929 mm, Width 889 mm, THIV (M/S). i 8.2
Mass 1383 kg / 8 bay system PHD (g's)
Test Vehicle ASL e
TYPC. et Production Model Test Article Deflection (mm)
Designation..........ccccoiiiiiiiiii 2000P DYNamic.......oouviiiiiiiie e
.. 1989, Chevrolet Scottsdale 2500 Permanent...
3/4 Ton Pickup Vehicle Damage
Mass (kg) Exterior
CUID. e 1915 VDS, it FC-3
Test Inertial.........coooeveiiiiiiiiie 1970 (07 L 12FDEW3
DUMMY(S). e n/a Interior
Gross StatiC........ccovveviiiiiiiiii 1970 OCDL. i, AS0000000
Impact Conditions Post-Impact Vehicular behavior (deg - gyro @ c.g.)
Speed (KM/).......ooiviiiiiiii e, 98.3 Maximum Roll Angle................cooiiiiinnn. 5.7
Angle (deg)....c.viviiiiiieie e, 0 Maximum Pitch Angle...........ccocoviiiiiniinans -3.2
Impact Severity (KJ).......cocoviiviiiiiiiiiinienn, 734.6 Maximum Yaw Angle..........ccooviuvinviniinninnnnns -12.9

Figure 26. Summary of Results Test #TAD28
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t=.350sec

t=0.000 sec t=.50sec

(Impact 0 degree w-4 on nose) Typical 8 Bay System
Impact LON at 0-w4 de — ' — T r T v
i @ 98.8 km/h ° < 82m——m 9991:353 —fj Ewii -w LF/H ] r—‘ : Overhead
D Sl0TT2T3J4]5]6] 7] 8BACK L'-r = ==
O] e Y =
= 122m : Side
v
FormanentLtwlDetection =58 [yt st T |
General Information Exit Conditions
TeSt AGeNCY....ccuiiiiiiiiiiiii SAFE TECHNOLOGIES, INC. Speed (KM/N)....ovveiiiiiiii e, 23.7 (14.7 mph)
Test Designation... ... NCHRP Report 350 3-30 (Head On) Angle (deg) .. nla
TeSENO. .. STI Test #TAD26 Occupant risk Values
Date. ... 8/3/2001 Impact Velocity (m/s)
Test Article X-direction...........cooviiiiii 10.6
TP e Barrier Systems, Inc. y-direction.........cooiiiii -0.9
TAU Redirective, Non-Gating, Crash Cushion Ridedown Acceleration (g's)
Installation Length............ccocoviiiiiiiiiiieiiennens 8.2 meters (8 bay system) X-direction..........ccooiiiiiiiii -13.4
Size and/or dimension and material y-direction..............ooo -7.9
of key elements............ocoevviiiiiiiiiiii Height 929 mm, Width 889 mm, THIV (M/S). i, 111
Mass 1383 kg / 8 bay system PHD (9'S)-ceveeeeiieeee e 13.4
Test Vehicle ASL o 1.13
Test Article Deflection (mm)
DynamicC.........ccooviiiiiiiii 628
Permanent...........cocooviiiiiiii 335

Vehicle Damage

Mass (kg) Exterior
CUMb. ., . VDS ..o RFQ-2FC-4
TestInertial.........c.ooveieiiiiiiean, CDC i 12FYEW3
DUMMY(S). et Interior
Gross Static OCDI. .t AS0000000

Impact Conditions Post-Impact Vehicular behavior (deg - gyro @ c.g.)

Speed (KM/)...ooiiiiiii s 98.8 Maximum Roll Angle..............ccooviiiiininnnn. 14.9

Angle (deg).......oovviiiiiiiii 0 Maximum Pitch Angle....................o.ooeene -8.1

Impact Severity (KJ).......ccoovviiiiiiiiiiiiiieans, 316.4 Maximum Yaw Angle..........cooevviiiiniininninnes -328.9

Figure 21. Summary of Results Test #TAD26
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Figure D-4
TAU II Report - APPENDIX
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Figure D-5
TAU II Report - APPENDIX
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Figure D-6
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QTY/

ITEM o PART DESCRIPTION SPECIFICATION PART #
1 T FRONT SUPPORT ASSEMBLY _ NA B010528
/A TORQUE TO 200 FT-LBF /3\  TORQUE T0 500 FT-LBF 2 7 MIDSUPPORTASSEVBLY A B01050
5 4 COMPACT END SUPPORT A S—
ASSEMBLY
ENERGY ABSORBING
& TORQUE TO 20 FT-LBF 4 3 CARTRIDGE, TYPEA NA B010802
ENERGY ABSORBING
5 5 CARTRIDGE, TYPE B NA Bo10722
6 1 ANCHORING PACKAGE NA B010713
7 2 FRONT SUPPORT LEG NA B010712
8 2 COMPACT CABLE NA B100113
9 14 CABLE GUIDE ASSEMBLY NA B010721
10 16 SLIDING PANEL NA B010202
11 32 SLIDING BOLT NA B100130
12 2 END PANEL NA B010659
13 4 PIPE PANEL MOUNT NA B010651
14 2 END PANEL CROSS PIECE NA B100133
15 1 FRONT CABLE ANCHOR NA B010248
16 1 NOSE PIECE NA B010711
17 4 EXTRATHICK FLAT WASHER  SS- 1 1/2'0D X 13/16"ID X 7/32" 2001009
18 8 HEXBOLT $5-20MM-2.5 X 50MM 2001005
19 12 WASHER $S-20MM 2001006
20 8 HEXNUT $S-20MM-2.5 2001007
21 4 FENDER WASHER $5-13/16'ID X 1 7/8'0D 2001009
4 /F || /F ] /F ] /F ] AN ] /F ] /F ] 1
_—] _— _— \E— °
o1 “ —o—| — 1 9 o
[8891] —O0— —0— —O
—o| —o| IOIV\__ °
A/l = — = — — 3 CABLE GUIDE ASSY —
. Fami§
=
DETAIL A @ |
DETAIL A
305 [77471
322} [8185]
m0>_|m ‘_ uo Standard Tolerance
2001 Barrier Systems, Inc. s 1. Angular & 1/2°
_© yete DAE__TINT. | Fractional * 1/16
NOTE: The m__ﬂo:_am%ﬂn :awo:mwmm» RAWN BY_ [ 07/09/01 | GAD E
THICKNESS OF WELD TO BE EQUAL [proprielan to Barir Systems
d shall not be , . - -
10 THE THINNER OF 2 PIECES and shall n TITLE : TAU-II TL—-3 SYSTEM MODEL | DRAWING NUMBER REV.

BEING JOINED. WELD TO BE ALL

duplicated or used otherwise
without the express written
AROUND UNLESS OTHERWISE NOTED. Japproval of Barrier Systems Inc.

REV.

CHANGES

DATE |BY JREQ'D | NEXT ASSY.

ITEM

BARRIER SYSTEMS, INC

BO10708




NOTES:

A\ TRANSITION SPACING IS IN ACCORDANCE

WITH AASHTO SPEC STBO6

AND NEVADA DOT SPEC. R-8.4.3.

A\ TWO SECTIONS OF RTMO4a GUARDRAIL

ONE SET INSIDE THE OTHER USED
ON THIS SIDE FOR BI-DIRECTIONAL

TRAFFIC CONDITIONS.

ITEM M@U«Q\ PART DESCRIPTION SPECIFICATION DWG #
1 1 |TAUII™ CRASH CUSHION LENGTH AS REQUIRED N/A
2 8 |STRONG POST STANDARD WOOD OR STEEL STRONG POST N/A
3 14 WfOO—AOC‘_‘ STANDARD WOOD OR STEEL THRIE BEAM BLOCKOUT N/A
4 5 |4-SPACE THRIE-BEAM AASHTO HARDWARE SPEC. (RTMO04a) N/A
5 26 |RECTANGULAR GUARDRAIL WASHER|AASHTO HARDWARE SPEC. (FWR03) N/A
6 30 |GALVANIZED HEX BOLT AND NUT AASHTO HARDWARE SPEC. (FBX16a) N/A
7 8 |SPACER BLOCKOUT STANDARD WOOD OR STEEL TRANSITION SPACER N/A
8 2 |W-THRIE BEAM TRANSITON SECTION|AASHTO HARDWARE SPEC. (RWT01b) N/A
9 2 7meO—AOC._. STANDARD WOOD OR STEEL W-BEAM BLOCKOUT N/A
10 2 |4-SPACE W-BEAM AASHTO HARDWARE SPEC. (RWMO04b) N/A
|15 3——| TRANSITION SPACING A\
— 274 @ —26 14 (475 mm) — 23 §
(699 mm) (662 mm) (600 mm)
_ 17 ] ] | _
° \
[ ) | || | || | | | |
] 1 [ 1
| | | | - | | - |
° T I £
| 1\ | ) | }
) _ —Tzil— | )
374
(314 mm) (622 mm) (955 mm) ®
162 § _
(4130 mm)
62
(1586 mm)
|
8T 6T O ToT 8T ICom
) ——
S ! S \p A\ \J S A\
) m0>_|m A uo Standard Tolerance
2001 Barrier Systems, Inc. - I Angular  + 1/2
© rrier Systems, Inc DATE T Frottional & _\;
NOTE: The m.:ﬁao»mo:mn :m‘_‘o_‘_ mmwmw» % 09/05/01 | RGC § Dec .xxxu W 010
proprietary to Barrier ems Doc 0 d 030
THICKNESS OF WELD TO BE EQUAL Rin™an"shall not be disclosed TITLE: TAU I CRASH CUSHION MODEL | DRAWING NUMBER REV.
TO THE THINNER OF 2 PIECES duplicated or used otherwise
BEING JOINED. WELD TO BE ALL uithout the express witen . TRANSITION TO W—BEAM BO10728—PD
AROUND UNLESS OTHERWISE NOTED. Japproval of Barrier Systems Inc§ REV. CHANGES DATE | BY JREQD | NEXT ASSY. | ITEM BARRIER SYSTEMS, INC.




