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400 Seventh St., SW.

1S, Department . October 27, 2006 Washington, D.C. 20590
of Transportation

Federal Highway In Reply Refer To:
Administration HSA-10/CC-87B

Mr. Barry Stephens, P.E.

Sr. Vice President, Engineering
Energy Absorption Systems, Inc.
3617 Cincinnati Avenue
Rocklin, CA 95678

Dear Mr. Stephens:

In your October 11 letter, you requested acceptance of a modified version of your previously
accepted QUEST crash cushion called the QUEST 70/100 system. To support this request, you
supplied test reports prepared by E-TECH Testing Services, Inc. that described the new system as
well as the full-scale crash tests you conducted.

The QUEST 70/100 system is a re-directive, non-gating, modular crash cushion having a

test level 2 (TL.-2) nominal effective length of 17.65 ft (5.38m) and a TL-3 nominal effective
length 0£23.65 ft (7.21m). The QUEST 70/100 is 32 inches (813mm) tall. The nominal backup
width ranges from 24 inches (610mm) to 36 inches (915mm). Its main components include a
ground anchored back-up assembly, two ground-anchored front anchors, two front rails, two rear
rails, a nose, a trigger, a sled, a diaphragm, and panel assemblies. Essentially the QUEST 70/100
is longer than the original QUEST and uses laminated sheet metal “peel straps” rather than the
solid energy absorbing straps in the original QUEST. The weight of the sled was also reduced.

Tinclosure 1 shows the component parts of both the TL-2 and TL-3 QUEST models.

Testing of the QUEST 70/100 system was conducted on concrete foundations, although the
original QUEST system was tested and accepted for asphalt applications. The QUEST 70/100 and
the original QUEST system share identical front anchors and backups, with the same type and
number of anchors. We agree that the asphalt anchoring system of the original QUEST is suitable
for use on the QUEST 70/100 system without re-testing. For some tests, the unit was freestanding
and for others it was butted directly up against a simulated rigid hazard. When anchored to
concrete, the reported foundation must be at least 8 inches (203mm) thick and 30 of your

MP-3 anchors (19mm diameter, B7, all-threaded) are specified with an embedment depth of at
least 5.5 inches (140mm). The recommended nominal compressive strength of the conerete must
be at least 27.6 MPa. When anchored to asphalt, the foundation must be at least 6 inches (150mm)
thick over 6 inch (150mm) thick compacted sub-base and 38 of your MP-3 long-bolts (19mm
diameter, B7, all-thread) are specified with an embedment depth of at least 16.5 inches (420mm).
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The QUEST 70/100 system is designed to be where bi-directional traffic is present. You
submitted drawings depicting transitions to w-beam and thrie-beam guardrail as well as

“New Jersey” and vertically faced concrete walls. We have noted that these transitions are
virtually identical to those validated in other testing programs previously accepted by the Federal
Highway Administration (FHWA). We agree that additional crash testing is not required on the
transition components.

Crash testing was successfully conducted for all eight certification tests recommended in the
National Cooperative Highway Research Program (NCHRP) Report 350 for redirecting,
non-gating crash cushions. These tests were conducted at TL-2 and TL-3 impact speeds. The
TL-2 tests included 2-30, 31, 32, 33, 36, 37, 38, and 39. The TL-3 tests included 3-30, 31, 32, 33,
36,37, 38, and 39. Test 3-32 was also conducted on a 36 inch (915 mm) wide model of '
QUEST 70/100 system since this test has traditionally been the most demanding on a wider
system. Each test set-up and its results are described in the enclosed test summary reports shown
in Enclosure 2.

Your QUEST 70/100 system meets the evaluation criteria for the NCHRP Report 350 re-directive,
non-gating crash cushion at TL-2 and TL-3 impact conditions and may be used on the Nationatl
Highway System when such use is acceptable to the contracting authority. It may be configured
with back-up widths from 24 inches {610mm) to 36 inches (915mm). The transition designs are
acceptable when the QUEST 70/100 is connected to w-beam, thrie-beam, New Jersey or vertically
faced concrete barrier. Further, the QUEST 70/100 can be anchored to concrete or asphalt surfaces
if these surfaces duplicate the minimum anchoring foundations noted above,

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

« Our acceptance is limited to the crashworthiness characteristics of the crash cushion.

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

+ 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, it reserves the right to modify or
revoke its acceptance.

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

» 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.

s To prevent misunderstanding by others, this letter of acceptance, designated as number
CC-87B shall not be reproduced except in full. This letter, and the test documentation upon
which this letter is based, is public information. All such letters and documentation may be
reviewed at our office upon request.

« The crash cushion system design is patented and considered proprietary. When proprietary
devices are specified by a highway agency for use on Federal-aid projects they: (a) must be
supplied through competitive bidding with equally suitable unpatented items; (b) the
highway agency must certify that they are essential for synchronization with existing




highway facilities or that no equally suitable alternative exists or; (c) they must be used for
research or for a distinctive type of construction on relatively short sections of road for
experimental purposes. Our regulations concerning proprietary products are contained in
Title 23, Code of Federal Regulations, Section 635.411.

» 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 nor required to become involved in issues concerning patent
law. Patent issues, if any, are to be resolved by the applicant.

Sincerely yours,

C
R. Baxter, P.E.

Director, Office of Safety Design
Office of Safety

2 Enclosures
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NOTES:

1. IN COMPLIANCE WITH THE AASHTO 2002 ROADSIDE DESIGN GUIDE,
MANUFACTURER RECOMMENDS REMOVAL OF ALL CURBS AND ISLANDS TO
ENSURE PROPER IMPACT PERFORMANCE,

2, PROVISION SHALL BE MADE FOR REAR RAILS TO SLIDE REARWARD UPON
IMPACT 1.82m [6' 07] MIN,

CAUTION: THE QUEST PRODUCT MUST BE CORRECTLY ANGHORED FCR
PROPER IMPACT PERFORMANCE, ATTACH PRODUCT USING ONE OF THE
FOLLOWING: (QTY. 30)_178 [7] STUDS MAY BE USED TO ATTACH PRODUCT
TC 28 MPc [4000 PSI] MIN PXC. CONCRETE PER THE FOLLOWING
MINIMUMS, *+

A) 152 Es.oo REINFORCED PAD PER REFERENCE DRAWING 3562015-0000.
B} 203 [8.00] NON—REINFORCED ROADWAY, MEASURING AT LEAST

3.66m [g12 0"] WIDE BY 15.24m [50° 0"] LONG, SEE DWG 3562007-0000.

o

€} 180 [7.00] REMNFORCED DECK STRUCTURE, SEE DWG 3562007-0000,

(OTTASJPSHA‘*E;'? [18] THREADED RODS MAY BE USED TO INSTALL PRODUCT

ON

“ REF!-:CRAggNTHE QUEST INSTALLATION INSTRUCTIONS FOR FOUNDATION
3

4. SEE THE "QUEST PRODUCT MANUAL® FOR A DESCRIPTION CF ITS

IMPACT PERFORMANGE CHARACTERISTICS AND DESIGN LIMITATIONS BEFORE

PLACING A PRODUCT AT A GIVEN SITE. INFORMATION AND COFIES OF ABOVE

MANUAIS.Z‘;’AR;%:S?XNLABLE BY CALLING CUSTOMER SERVICE DEPARTMENT AT
88 X

TRANSITION FROM THE QUEST PRODUCT TO THE OBJECT BEING SHIELDED.
&, ANCHOR BOLTS NOT INCLUDED IN MODEL NMUMBER, ORDER SEPARATELY,
7. STEEL BACKUP AND CONCRETE PAD SPECIFICALLY DESIGNED TQO NEST
ARQUND 610 WIDE HAZARDS, INSTALL ACCORDINGLY TO ENSURE PROPER
IMPACT PERFORMANCE.

System | Effective | Max Design
Bays | width | Length Length Speed

70 km/h

3 124" | 2r-2" | 17"-8" | [44 mph]
100 km/h

4 24" | g7’—2" | 23'—g | {62 mph]
70 km/h

3 | 36" | 21’=2" | 17"—8" | [44 mph]
100 km/h

4 36" | 27'=2" | 23'-8" | [62 mph]
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PARTS LIST

ITEM STOCK NO. DESCRIPTION QTY.
1 |2¥62020-0000 BACKUP,24,GUEET,G 1
2 |3552013-0000 SUPPORT FRAME ASSY,QUEST,DCM 1
3 |276201L-0000 SHAPER RAIL.LQUEST 80,G 1
4 | 278201R-0000 SHAPER RAIL,R,QUEST 80.G 1
5 |2782015-0003 ANCHOR,FRONT QUEST.G 2
8 |Z782007-0000 TRIGGER STRAP,QUEST.G 2
7 |3582014-0000 TRIGEER ASSY,QUEST,DCM 1
8 |2782024-0000 NOSE TRANSITION,R,QUEST,G,PT 1
9 |2782025-0000 NOSE TRANSITION,L .QUEST.G,PT 1
10 |2782026-0000 NOSE,QUEST,G,PT 1
11 |35682016-0000 DIAPHRAGM ASSY,QUEST CEN il
12 |2762055-0000 REAR RAIL,QUEST,UNCRIMPED.Q 2
13 127620430000 STRAP,PEEL.REAR.QUEST CEN 2
14 127820450000 STRAP.PEEL.BAY 2,QUEST CEN 2
15 | 27620440000 FLT ST, 1A4X2 13/18X10 T8 WHOLES.G 2
16 27820470000 FLT ST 1/4XdX14,WiSLOTS.G 2
17 {2782049-0000 PANELBAY 1,QUEST.G 2
18 |2762048-C000 PANEL BAYS,QUEST,DCM,G 4
19 {2762050-0000 BRACE PANEL,QUEST CEN.G 4
20 {2708843-0300 SCREW,PN,#6-32X1 1/2,PHILS 5
21 {27083871-1000 WASHER.BAR,1/8X1 1/4X2 ROUNDED.G ]
22 {2708291-C000 WASHER.FLAT.5/8 X 13/4, G &

23 {2708038-0300 \WASHER, FLAT #8X5/8X.030,5 16
24 {2708181-0000 WASHER BAR 2X2X1/4.G 2
25 [2708022-0100 WASHER,FLAT,3/8 I X13/18 OD.FP.HRD 32
26 [ 2704191-0000 NUT HX,5/8,G,RAIL 54
27 | 2704341-0000 NUT,HX 34",GR DH 8
28 | 2704161-0000 NUT.MX1,G 2
28 |2704031-0000 NUT.HX.3/8,G 18
30 | 27043510000 NUT,HX.5/8.G.GR DH &
31 [2704771-0300 NUT HX#-32.5 18
32 [2701511-0000 BOLT.RAILS/BXT 14.G5.G 42
33 | 26883410000 BOLT,RAIL5/8X2.6 12
34 |2700011-0000 BOLT,HX,3/M4X2,G5,6 4
35 |2701014-0000 BOLT HX,1X5,G8,G 2
36 | 2700541-0000 BOLT.HX,1X3 1/2,65.G 2
37 | 2698081-0500 BOLT.HX,5/8X1 1/2,G5,G 6
38 |2690251-0000 BOLT.HX,3/4X3 172,55, 2
38 12701221-0000 DOLT HX3/8X1,626 16
40 |2700651-0000 BOLT.HX 3/4X4,65,G,ALL THRD 2
41 §2705121-0000 RIVET ST.SD88BS.3/118X1/2,DH 1
42 27357110000 DECAL.CAUTION,ALL PRODUCTS 1
43 (27357124200 DECAL,PRODUCT,QUEST TL-2 1
44 | 2750043-0000 INSTALL INSTRUCTIONS QUEST TL2 1
45 | 2735831-3500 MATERIAL SAFETY INFORMATION NCTICE 1
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PARTS LiST

TTEM STOCK NC. DESCRIPTICN QY.
i 2762020-0000 BACKUP 24 QUEST.G 1
2 [3562013-0600 SUPPORT FRAME ASSY QUEST,OCM 1
3 |2ve202i-0000 SHAPER RAILL.OUEST CEN.G 1
4 |276202R-0000 SHAPER RAILR.QUEST CENG 1
5 |2782015-0000 ANCHOR.FRONT.QUEST.G 2
5 |%782007-0000 TRIGGER STRAP,OUESTG 2
8 7 7 |35620114-0000 TRIGGER ASSY,QUEST.OCM 1
8  |2762024-0000 NOSE TRANSITION,R,QUEST,G.PT 1
6 |2762025-0000 NOSE TRANSITICN,LOUEST G,PT 1
) 10 | 2762026-0000 NGSE.QUEST.G.PT 1
11 |3562016-0000 DIAPHRAGM ASSY QUEST CEN 2
W 13 |2762017-0000 SHAPER,BACKUP,QUEST,G 2
13 | 27620410000 REAR RAIL,GUEST DGM.G Z
| i 14 [2762643-0000 STRAP PEELREAR.QUEST GEN 2
15 |2762045-0000 STRAP,PEEL.BAY Z,0UEST GEN 2
SRR AR, 1§ [2752048-0000 STRAR.PEEL, BAY 3,0UEST CEN 2
17 [27620440000 FLT ST, 1/4X2 T9/16X10 716 WHOLES G 2
18 | 2762047-0000 FLT ST 1MX4X14.WELOTS .G 2
o) (3 19| 27620450000 FANELBAY 1,QUEST,G H
1 20 = WA 2 8 2027620480000 FANEL BAYS.QUEST.OCH.G 3
71 [2762050-0000 BRACE.PANELQUEST CEN.G 3
22 |2706943-0300 SCREW.PN #6-32X1 172,PHILS 12
23 [2708871-1000 WASHER BAR HBX1 1/4X2.ROUNDED,G 8
24 [2708201-0000 WASHERFLAT, 58 X1 374, G 5
25 [2708038-0300 WASHERFLAT #6X5/5X.030.5 24
26 |27c8161-0000 WASHER BAR 2X2X1/4,G 2
1 203 (13 20 2 19 @ 27 | 27080220100 WAGHER,FLAT,&/S ID X136 OD,F.HRD 28
28_|2704191-0000 NUT.HX.5/8,G.RAIL 72
29 (27047710300 NUTHX #5525 2
30| 27043410000 NUTHX 34", GR CH 10
F 31 |27041E1-0000 NUTHXA.G B
J (s 2 3227048310000 NUT.HX/8.G 24
2 1 k. 33| 27043510000 NUT.HX5/8,5,GR DH 3
—i it 34 | 2701811-06C0 SOLT,RAILSEX1 14,656 54
..[E 35 |2599341-00G0 BOLT,RAILS/EBXZ.5 18
36_|2700011-0000 BOLT.HX.34X2.G5G 4
37 |2701014-0000 BOLT.HX.1X5.G8,G z
38 | 27005410000 BOLTHX,1X3 12.G5.6 2
33 |2689081-0500 BOLTHX.58X1 /2,656 5
40| 26892510000 BOIT,HX, 343 112,656 4
41| 27012210000 BOLT,HX.36X1,62.G 24
42 | 27006510000 BOLT.HX.3/aX4,G5,G,ALL THRD 2
43 |7706121-0000 RIVETST,506865,3/16K112,0H 4
44 |2735711-0000 DECALGAUTION.ALL PRODUCTS 1
45_|2735712-4000 DECAL PRODUCT QUEST DCM 1004130 1
46 §2750042-0000 JNSTALL INSTRUCTIONS,QUEST DCM 1
4727358313500 MATERIAL SAFETY INFORMATION NOTICE 1
ASSEMBLY NO. TD110DCMB10
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t = 0.000 sec

t = 0.177 sec

= 0.532 sec

820C Vehicle
Impact point: 0 deg

80 m (Flnald

heod~on, Nose 1/4 offset \%

/. 5.9 m (Flnald

>\\\. /

QUEST 70/160 System

,. -
L 241 m Cdyn / permn defl TeSt Artl(:le
General Information . "
Test Agency E-TECH Testing Services, Inc. Exit conditions
Test Designation NCHRP 350 Test 2-30 Speed (lau/h) NA
Test No. 01-2174-011 Angle {deg - veh. c.g.) N/A
Date 6/16/06 Occupant Risk Va!uP.S
Test Article Impact Ye]otflty (m/s)
Type Energy Absorption Systems, Inc. X'gfiizggﬁ 1(? ;
QUEST™! 70/100 System ., yrarrect . , -
Instaflation Length 5.4 m (effective length) Rldec!ogyn Acceleration (g's) 16.2
Material and key elements AASHTO M180 galvanized steel panels, ;' d;i:ggﬁ "3 é“
ASTM A500 Rails, and A36 other p T P T
Foundation and Anchoring Unreinforced 27.6 MPa concrete, Euro’f%nv((jiomm“ ittee for Normalization (CEN) Values 1.6
clean and dry with (30) 19 mm x 178 mm PHD (g's) 16-2
ASTM A193 Grade B-7 threaded studs and ASI 1.2
; MP-3 Anchoring System Test Article Deflections (m)
Test Vehicle Dynamic 2.1
Type Production Model Permanent 21
Designation 820C : - -
Model 1991 Ford Festiva Vehice Damage (Primary Impact)
Mass (kg) VDS FC-3
Curbh 806 CDhC 12FLEW3
Test inertial 328 Interior
Dummy 75 VDI AS0000060
Gro_ss_ 903 Maximum Deformation (mm} .eweeeenes.  Negligible
Impact Conditions Post-Irnpact Vekicular Behavior (deg - rate gyro)
Speed (km/h) 70.6 Maxiraum Roll Angle 117
Angle (deg) ... 0 Maximum Pitch Angle 8.1
Impact Severity (kJ) 139.4 Maximum Yaw Angle 179.1

Figure 1. Summary of Results - QUEST 70/100 NCHRFP 330 Test 2-30
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71 O pg - insay 1AL YSBID 001404 1SEND

t = 0.000 scc t = 0.219 sec

t = 0.440sec t = 0.659 sec

t = 0.879 sec = 1.09¢ sec

13 deg Impact
Centerline Nose

I

820C Vehicle

21 m ldyn/perm defl

QUEST 70/100 System

General Information
Test Agency

Test Designation
Test No.

Date

Test Article

Type

Installation Length

Material and key elements

Foundation and Anchoring

Test Vehicle

Type
Designation

Model

Mass (kg)
Curb

Test inertial

Dummy

Gross

Impact Conditions
Speed (kom/ln}

Angle (deg}

Impact Severity (kJ)

E-TECH Testing Services, Inc.
NCHRP 350 Test 2-32
01-2174-010

6/13/06

Energy Absorption Systems, Inc.
QUEST™ T0/100 System

5.4 m (effective length)

AASHTO M180 galvanized steel panels,
ASTM A500 Rails, and A36 other
Unreinforced 27.6 MPa concrete,

clean and dry with (30) 19 rom x 178 mun
ASTM A193 Grade B-7 threaded studs and
MP-3 Anchoring System

Production Model
820C
1989 Ford Festiva

749
802
75

877

70.0
15
151.3

Test Article
Exit conditions
Speed (ke/l) N/A
Axngle (deg - veh. c.g.} N/A
QOccupant Risk Yalues
Impact Velocity (m/s)
x-direction 11.3
y-direction 0.6
Ridedown Acceleration (g's)
x-direction -17.7
y-direction 4.6
European Committee for Normalization (CEN) Values
THYV (km/h) 40.9
PHD (g's) 20.1
ASI 14
Test Article Deflections (m)
Dynamic 21
Permanent 2.1
Vehicle Damage (Primary Impact)
Exterior
VDS FC-2
CDC ZECEW2
Interior
V(b1 AS0000000
Maximum Deformation (mm) ..ceerrsseres e Negligible
Post-Impact Vehicular Behavior (deg - rate gyro)
Maximum Roll Angle 6.3
Maximum Pitch Angle 7.5
Maximum Yaw Angle 50.0

Figure 11. Summary of Results - QUEST 70/100 NCHRIP 350 Test 2-32
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t = 0.000 sec t = 0.1225ec t = 0.244 sec t = 0.366 sec t = 0.488 sec t = 0.610 sec
2000P Vehlcle =
== ﬁr\:\“\.___
::—./ By
===/ | e |
= = " 0.6 m (Flnald
— A ]
Impact paintt U deg
hecd—on, 01 m Left of CL 13 m (Flnoly
38 m (olyn / perm deflection) el
QUEST 70/100 System
Test Article
General Information
Test Agency E-TECH Testing Services, Inc. ! o
Test Desiguation NCHRP 350 Test 2-31 B ) NA
Test No. 01-2174-008 Angle (deg - veh. ¢.g.) N/A
Date 5/1%/06
Test Article =
Type Energy Absorption Systems, Inc. Occu]i’;;;j: l‘bfl;lc‘bfc?]t;‘z;ﬂs)
QUEST™ 70/100 System x-direction 8.5
Installation Length 5.4 m (effective length) y-direction 0.1
Material and key elements AASHTO M180 galvanized steel panels, Ridedown Acceleration (g's)
ASTM A500 Rails, and A36 other wdirection ° 104
Foundation and Anchoring Unreinforced 27.6 MPa concrete, y-direction 3.0
clean and dry with (30} 19 mmx 178 mm  European Committee for Normalization (CEN) Values
ASTM A193 Grade B-7 threaded studs and THIV (km/h} 305
MP-3 Anchoring System PHD (g's} 1.4
Test Vehicle ASI 0.7
Type Production Model Test Article Deflections (m)
Designation 2000P Dynamic 38
Meodel 1993 Chevrolet C2500 Perrnanent 3.8
Mass (kg) Vehicle Damage (Primary Impact)
Curb 1889 Exterior
Test inertial 1985 YDS FC-2
Dummy N/A CcDe 12FCEW2
Gross 1985 Interior
Impact Conditions VCDI ASHG0000
Speed (ko/h) 71.7 Maximum Deformation (mm} Negligible
Angle (deg) 0 Post-Impact Vehicular Behavior (deg - rate gyro)
Impact Severity (IJ) 393.5 Maximum Roll Angle 3.2
Maximum Pitch Angle 12.3
Maximum Yaw Angle 23.1

Figure 6. Summary of Results - QUEST 70/100 NCHRP 350 Test 2-31
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t = 0.262 sec

t = 0.000 sec t = 0.659 sec
N
AR
QA
QAN
N
N
18 n Final ™
N\
N 2
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2000F Vehicle C
19 deg Gopos = QUEST 70/100 System
28 m Ldyn / parn defd .
Test Article

General Information 0 oy
Test Agency E-TECH Testing Services, Inc. e oS NA
Test Designation NCHRP 330 Test 2-33 P

Angle (deg - veh. c.g.) N/A
Test No. 01-2174-014 o t Risk V:
Date 7/31/06 ceupant Risk Values
. Impact Velocity (m/s)
Test Article pact ¥elod
. x-direction 8.8
Type Energy Absorption Systems, Inc. y-direction 0.2
QUEST™ 70/100 Systern Ridedown Acceleration (g's)
Installation Length 5.4 m (effective length) s-direction © 9.1
Material and key elements AASHTO M180 galvanized steel panels, y-direction 2.4
- - ASTM A500 Rails, and A36 other European Committee for Normalization (CEN) Values
Foundation and Anchoring Unreinforced 27.6 MPa concrete, THIV (kovh) 315
clean and dry with (30) 19 mm x 178 mm PHD (g's) 9.1
ASTM A193 Grade B-7 threaded studs and ASIL 0.7
MP-3 Anchoring System Test Article Deflections (m)

Test Vehicle Dynamic 3.6
Type Production Model Permanent 36
Designation 2000P Vehicle Damage (Primary Impact)

Model 1988 Chevrolet C2500 Exterior

Mass (kg) vDS rc-2
Curb 1897 coC 12FCEW2
Test inertial 2008 Interior
Dummy N/A VCDI AS0040000
Gross 2008 Maximum Deformation (mm) ......cereeses Negligible

Impact Conditions Post-Impact Vehicular Behavior (deg - rate gyro)

Speed (km/h) 70.6 Maxinaum Roll Angle 85
Angle (deg) 15 Maximum Pitch Angle 17.8
Impact Severity (IJ) 386.5 Maximum Yaw Angle 47.3

Figure 16. Summary of Results - QUEST 70/100 NCHRP 350 Test 2-33
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t = 0.00¢ sec

t = 0.128 sec

t = 0,256 sec t = 0.384 sec

t = 0.512 sec t = final

CWMpnc't)

i
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QUEST 70/100 System
Test Article

General Information

Test Agency E-TECH Testing Services, Inc.
Test Designation NCHRP 350 Test 2-36
Test No. 01-2174-015
Date 8/17/06
Test Article
Type Energy Absorption Systems, Inc.

Installation Length

QUEST™ 70/100 System
5.4 m (effective length)

Material and key elements

AASHTO M180 galvanized steel panels,

ASTM A500 Rails, and A36 other

Foundation and Anchoring

Unreinforced 27.6 MPa concrete,

clean and dry with (30) 19 mm x 178 mm

ASTM A193 Grade B-7 threaded studs and

MP-3 Anchoring System

Test Vehicle
Type Production Model
Designation 820C
Model 1989 Ford Festiva
Mass (kg)
Curb 777
Test inertial 824
Dummy 75
Gross 899
Impact Conditions
Speed (kmv/h) 717
Angle {(deg) 15
Impact Severity (kJ) 10.9

Exit conditions

Speed (kan/h} 64
Angle (deg - veh. c.z.) 6
Occupant Risk Values
Irapact Velocity (m/s)
x-direction 2.2
y-direction 4.7
Ridedown Acceleration (g's)
x-direction -6.3
v-direction 8.5
European Committee for Normalization (CEN) Values
THIV (km/h) 18.7
PHD (g's) 8.6
ASI 0.5
Test Article Deflections (m)
Dynamic 0.2
Permanent Negligible
Vehicle Damage (Primary Impact)
Extertor
VDS FLQ-1
CcDC 11FLEW?
Interior
VCDL AS0000000
Maximum Deformation (mm) ...coecvenrcenenne. Negligible
Post-Impact Vehicular Behavior (deg - rate gyro)
Maximum Reoll Angle 2.5
Maximum Pitch Angle -2.3
Maximum Yaw Angle 21.4

Figure 21. Summary of Results - QUEST NCHRFP 350 Test 2-36
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0396 sec

t = 0.496 sec
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QUEST 70/100¢ System

Test Article

General Information

Test Agency E-TECH Testing Services, Inc.
Test Designation NCHRP 350 Test 2-37
Test No. 01-2174-013
Date 711406
Test Article
Type Energy Absorption Systems, Inc.

QUEST™ 70/100 System

Installation Length

5.4 m (effective length)

Material and key elements

AASHTO M180 galvanized steel panels,

ASTM AS500 Rails, and A36 other

Foundation and Axchoring

Unreinforced 27.6 MPa concrete,

clean and dey with (30) 19 mm x 178 mm

ASTM A193 Grade B-7 threaded studs and

MP-3 Anchoring System

Test Vehicle
Type Production Model
Designation 2000P
Model 1990 Chevrolet C2500
Mass (kg)
Curb 1975
Test inertial 1992
Dammy N/A
Gross 1992
Lopact Conditions
Speed (km/h) 71.7
Angle (deg) 20
Impact Severity (kI) 46.2

Exit conditions
Speed (km/l)

Angle (deg - veh. c.g.)
Occupant Risk Values

Impact Velocity (m/s)

x-direction

y-direction
Ridedown Acceleration (g's)
s~direction

y-direction

Enropean Committee for Normalization (CEN) Valaes

THIV (km/h)

PHD (g's)
ASK

Test Article Deflections (m)
Dynamic

Permanent
Vehicle Damage (Primary Dmpact)

Exterior
VDS

ChC

Interior

Maximum Deforroation (Imm} cc.cecreesares

Post-Impact Vehicular Behavior (deg - rate gyro)
Maximum Roll Angle

Maximuom Pitch Angle
Maximum Yaw Angle

Figure 26. Summary of Results - QUEST 70/16¢ NCHRP 350 Test 2-37
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QUEST 70/100 System
Test Article

General Information
Test Agency

E-TECH Testing Services, Inc.

NCHRP 350 Test 2-38

Test Designation

Test No.
Date

01-2174-012
TH06

Test Article
Type

Energy Absorption Systems, Inc.

QUEST™ 70/100 System

Installation Length
Material and key elements

5.4 m {effective length)
AASHTO M180 galvanized steel panels,

ASTM AS500 Rails, and A306 other

Foundation and Anchoring

Unreinforced 27.6 MPa concrete,

clean and dry with (30) 19 mm x 178 mm

MP-3 Anchoring System
Test Vehicle
Type Production Model
Designation 2000
Model 1989 GMC
Mass (kg)
Curb 1971
Test inertial 2003
Dummy N/A
Gross 2003
Impact Conditions
Speed (km/h) 70.3
Angle (deg) 20
Impact Severity (kJ) 44.7

ASTM A193 Grade B-7 threaded studs and

Exit conditions
Speed (km/h)
Angle (deg - veh. c.g.)

Qccupant Risk Values
Impact Velocity (m/s)

x~direction
y-direction
Ridedown Acceleration (g's)
x-direction
y-direction

European Committee for Normalization (CEN) Values
THIV (km/h)
PHD (g's)
ASI

Test Article Deflections (m)
Dynamic
Permanent

Vehicle Damage (Primary Impact)
Exterior

VDS
ConC
Interior
VCDI
Maximum Deformation (Mum) ..e.eecoecmmenvesens

Post-Impact Vehicular Behavior (deg - rate gyro)
Maximum Roll Angle
Maximum Pitch Angle
Maximum Yaw Angle

Figure 31. Summary of Results - QUEST 70/100 NCHRP 350 Test 2-38
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2000 Vehicl

QUEST 70/100 System
Test Article

General Information

Test Agency
Test Designation

Test No.

Date

Test Article
Type

Installation Length

Material and key elements

Foundation and Anchoring

Test Vehicle

Type
Designation

Model

Mass (kg)
Curb

Test inertial

Dummy

Gross

Iropact Conditions
Speed (km/h)

Angle (deg)
TIpact Severity (k)

E-TECH Testing Services, Inc.

NCHRP 350 Test 2-39
01-2174-016
8/25/06

Evergy Absorption Systems, Inc.

QUEST™ 70/100 System
5.4 m (effective length)

AASHTO M130 galvanized steel panels,
ASTM A500 Rails, and A36 other

150 mm thick asphalt over 200 mm
aggregate base with (38) 19 mama x 457 mm

ASTM A193 B7 threaded rods

MP-3 Asphalt Anchoring System

Production Model
2000P
1989 GMC

1881
20600
N/A

2000

71.0
20
45.5

Exit conditions

Speed (km/h) 49
Angle (deg - veh. c.g.) 0
Occupant Risk Values
Impact Velocity (m/s)
x-direction 4.1
y-direction 4.4
Ridedown Acceleration (g's)
x-direction -6.2
y-direction 53
European Committee for Normalization (CEN) Values
THIV (km/h} 20.9
PHD (g's) 6.7
ASI 0.6
Test Article Deflections (m)
Dynamic 0.2
Permanent 0.1
Vehicle Damage (Primary Impact)
Exterior
Vs LFQ-1
cpce TILFEWL
Intertor
VCDI AS0000000
Maximum Deformation (mm) .......cueeseeerenne Negligible
Post-Impact Vehicular Behavior (deg - rate gyro)
Maximum Roll Angle -12.1
Maximum Pitch Angle 28.0
Maximum Yaw Angle 729

Figure 36. Summary of Results - QUEST 70/100 NCHRP 350 Test 2-39
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QUEST 70/1060 System
Test Article

General Information . -

Test Agency E-TECH Testing Services, Inc. Exit conditions NA
Test Designation NCHRP 350 Test 3-30 Speed (km/h)

Test No. 01-2174-001 Angle (deg - veh. c.g.) N/A
Date 9/15/05 Occupant Risk Values

Test Article Empact Velocity ()

Type Energy Absorption Systems, Inc. x-direction 11.7
QUEST™ 70/100 System 4 (Yl‘d‘"f“’“l m—— 1.3

Tostallation Length 7.2 m (effective length) Ridedown Accdleration (g's) 195

Material and key elements AASHTO M180 galvanized steel panels, ) di:(éc tion p: 3'
ASTM A500 Rails, and A36 other Euro eany Committee for Normalization (CEN) Values .

Foundation and Anchoring Unreinforced 27.6 MPa concrete, TPI:‘IIV (km/h) 423
clean and dry with (30) 19 mm x 178 mm PHD (g's) 19'6
ASTM A193 GradeB-7 threaded studsand AST .. 1.4

X MP-3 Anchoring System Test Article Deflections (m)

Test Vehicle Dynamic 3.1
Type Production Model Permanent 3.1
Designation ... 320C Vehicle Damage (Primary Empact
Model 1992 Ford Festiva ehicle Damage (Primary tmpact)

Mass (kg} _ VDS ¥4
Curb. 855 cpC 12FLEWS
Test inertial 8%5 Interior
Dummy 75 VDI AS0010000

Lot CGrg.I:StSi 910 Maximum Deformation (mm) e, 30

pact Londitions Post-Impact Vehicular Behavior (deg - rate gyro)

Speed (km/h) 101.8 Maximum Roli Angle 27

Angle (deg) ... 0 Maximum Pitch Angle -63.6

Impact Severity (k) 3330 Maximum Yaw Angle 205.1

Figure 1. Summary of Results -

QUEST 70/100 NCHRP 350 Test 3-30
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t = 0.000 scc

t = 0.096 sec

t = 0.192 sec

= (.384 sec t = 0.480 sec

37 m Finald

R 2000P Vehlcle

5]

35 m
Qyramls / Permanent)
Deflection

= L i;ﬁ" Riglt Concrate Medion Enr‘r’iler-
==l g ;,_’.3) “]f o
/@ == 03 m Finald
Impact point: 0 deg b B
head-on, Nose ::\
QUEST 70/1060 System
Test Article

General Information . it
Test Agency E-TECH Testing Services, Inc. Exit gg‘e‘gjl (tam/h) N/A
Test Designation NCHRP 350 Test 3-31 Angle (deg - veh. c.g.) N/A
Test No. 01-2174-005 Occupant Risk Values
Dat(_e 1/6/06 Impact Velocity (m/s)

Test Article . x~direction 9.0
Type Energy Absorption Systerns, Inc. YoEPECLION +errrrrresmersssressesereeresomreomsosrsroes 0.1

QUEST™ 70/100 System Ridedown Acceleration (g's)
Instaliation Length 7.2 m (effective length) x-direction -19.1
Material and key elements AASHTO M180 galvanized steel panels, y-direction 4.9
ASTM AS500 Rails, and A36 other Furopean Comumittee for Normalization (CEN) Values
Foundation and Anchoring Unreinforced 27.6 MPa concrete, THIV (km/h) 323
clean and dry with (30) 19 rom x 178 mm PHD (g's) 19.1
ASTM A193 Grade B-7 threaded studs and ASI 1.0
MP-3 Anchoring System Test Article Deflections (m)

Test Vehicle Dynamic 55
Type Production Model Permanent 55
Designation 2000P Vehicle Damage (Primary Impact)

Model 1992 Chevralet C2500 Exterior

Mass (kg) VDS FC-2
Curb 1881 CchC 12FCEW1
Test imertial 2003 Interior
Dummy N/A YCDI AS0000000
Gross 2003 Maximum Deformation (mm) ....eeerserees . Negligible

Impact Conditions Post-Impact Vehicular Behavior (deg - rate gyro)

Speed (km/h) 103.2 Maximum Roll Angle ~32
Angle (deg) 0 Maximum Pitch Angle -8.6
Impact Severity (kJ) 823.2 Maximum Yaw Angle -15.9

Figure 6. Summary of Results - QUEST 70/100 NCHRP 350 Test 3-31
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t = 0.000 sec

t = 0,144 sec

t = 0.432 sec

t = 0.576 sec t = 0.720 sec

1S deg Impoact
Centerline Nose

§20C vehicle

18 m
Flnol>

55° Flnold

QUEST 70/100 System

N .
Dynomic / IP:»rmnnmnﬂ TeSt ArthIe
Deflection

General Information Exit conditions
Test Agency E-TECH Testing Services, Inc. Speed (km/h) N/A
Test Designation NCHRP 350 Test 3-32 Angle (deg - veh. c.g.) N/A
Test No. 01-2174-002 Occupant Risk Values
Date 9/23/05 Impact Velocity (m/s)

Test Article ] x-direction 11.9
Type Energy Absorption Systems, Inc. y-direction 0.7

QUEST™ 70/100 System Ridedown Acceleration (g's)

Installation Length 7.2 m (effective length) x-direction -18.2
Material and key elements AASHTO M180 galvanized steel panels, y~direction 3.6

Foundation and Anchoring

Test Vehicle
Type

Designation

Model

Mass (kg)
Curb

Test inertial
Dummy

Gross

Impact Conditions
Speed (om/h).....

Angle (deg)
Tmpact Severity (kJ).

ASTM AS00 Rails, and A36 other
Unreinforced 27.6 MPa concrete,

clean and dry with (30) 19 mm x 178 mm
ASTM A193 Grade B-7 threaded studs and
MP-3 Anchoring System

Production Model
820C
1990 Ford Festiva

814
827
75

902

1011
15
3258

European Committee for Normalization (CEN) Values

THIV (km/h) 433
PHD (g's) 13.3
ASI 14
Test Article Deflections (m)
Dynamic 31
Permanent 31
Vehicle Damage (Primary Impact)
Exterior
VDS FC4
ChC 12FCEW4
Interior
VCDL AS0000000
Maximum Deformation (mm) .-eeeccmeeoin. 10
Post-Impact Vebicular Behavior (deg - rate gyro)
Maximum Roll Angle 40.5
Maximum Pitch Angle -40.3
Maximum Yaw Angle 125.2

Figure 11. Summary of Results - QUEST 70/100 NCHRP 350 Test 3-32
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t = 0.000 sec

= 0.200 sec

t = 0.300 sec

= 0.400 sec

t = 0.700 sec

QUEST 70/1060 System

Test Article
Sdyranic ?Jrﬂmm)
General Information i .
Test Agency E-TECH Testing Services, Inc. Exit §;E§éhﬁfj,/h) N/A
Test Designation NCHRP 350 Test 3-33 Angle (deg - veh. c.g.) N/A
Test No. 01-2174-006 Occupant Risk Value:s =
. Date 2422106 Impact Velocity (m/s)
Test Article . x-direction 9.0
Type Energy Absorption Systems, Inc. v-direction 07
. QUEST™ 70_/100 System Ridedown Acceleration (g's)
Installation Length 7.2 m (effective length) x-direction -17.1
Material and key elements AASHTO M180 galvanized steel panels, y-direction 5.2
ASTM A500 Rails, and A36 other European Committee for Normalization (CEN) Values
Foundation and Anchoring Unreinforced 27.6 MPa concrete, THIV (km/h) 32.6
clean and dry with (30) 19 mum x 178 mm PHD (g's) 17.1
ASTM A193 Grade B-7 threaded studs and ASI 1.0
MP-3 Anchoring System Test Article Deflections (m)
Test Vehicle Dynamic 55
Type Production Model Permanent 5.5
Designation 2000pP Vehicle Damage (Primary Impact)
Model 1988 Chevrolet C2500 Exterior
Mass (kg) YDS FC-3
Curb 1956 CoC 12FCEW3
Test inertial 2003 Interior
Dummy N/A VCDI AS0000000
Gross 2003 Maxinum Deformation (0m) ... Negligible
Impact Conditions Post-Impact Vehicular Behavior {deg - rate gyro)
Speed (km/h) 101.8 Maximum Roll Angle 228
Angle (deg) 15 Maximum Pitch Angle -27.0
Impact Severity (IJ) §16.3 Maximum Yaw Angle 82.1

Figure 16. Summary of Results - QUEST 70/100 NCHRP 350 Test 3-33
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Y

t = 0,160 sec

t = 0.000 sec t = 0.080 sec t = 0240 sec t = 0.400 sec
08 n_Downstream nosed

02 7/ 01 m ddyramic / permanent deformation)

1 deg Exit

46 m Final

J.

QUEST 70/100 System

490 #m_<Finald .
Test Article
General Information Exit conditions
Test Agency E-TECH Testing Services, Inc. Speed (km/h) 85
Test Designation NCHRP 350 Test 3-36 Angle (deg - veh. c.g.) 1
Test No. 01-2174-009 Occupant Risk Values
Date 6/7/06 Impact Velocity (m/s)
Test Article x-direction 1.7
Type Energy Abserption Systems, Inc. __ y-direction ....... 5.1
QUEST™ 70/100 System Ridedown Acceleration {(g's)
Installation Length 72 m (effective tength) x-direction -84
Material and key elements AASHTO M180 galvanized steef pamels, y-direction . seneess 10.%
ASTM A500 Rails, and A36 other Euvropean Committee for Normalization (CEN) Values
Foundation and Anchoring Unreinforced 27.6 MPa concrete, THIV (!fmjh) 18.5
clean and dry with (30) 19 mm x 178 mm fsli) (g's) %zéo
ASTM A193 Grade B-7 threaded studs and Test Article Deflect c ¢
MP-3 Anchoring System D anexic eflections (m) 0.2
Test ’IY chicle Production Model Pzrnmanent OI
YPE ereernr recuction € Vehicle Damage (Primary Impact)
Designation 820C Exterior yamp
Model 1989 Ford Festiva VDS FL-2
Mass (k) %00 CDC HFLEW2
L . Interior
Jest inertial e VCDI AS0000000
G LY 403 Maximum Deformation {mm) .o Negligible
TosS Post-Impact Vehicular Behavior (deg - rate gyro)
Impact Conditions
P Speed " 99.0 Maximum Roll Angle 6.7
Spee (d‘“gih) 2 Maximum Pitch Angle . 3.5
¥ r::;:ci S?;r)eri &y () 207 Maximum Yaw Angle 20.7

Figure 21. Summary of Results - QUEST NCHRP 350 Test 3-36

tI:j
5
b
g
o
&
tn

‘5301443

2]




STt JO T - SINSaY ISaL, USLID Q0 1/0L LSAND

t = 0.000 scc

= 0.080 sec

t = 0.160 sec

t = 0,400 sec

07 M/ 06 m fhynamic / permonent deflection?

35 m (mpact?

:

%" 20 dep
Ampacty

N

RO00P Vahict

27 m (Finaly

29 n (Fnabd QUEST 70/100 System
Test Article
General Information Exit conditions
Test Agency E-TECH Testing Services, Inc. Speed (lan/h) Tl
Test Designation NCHRP 350 Test 3-37 Angle (deg - veh. c.z.) 12
Test No. 01-2174-007 Occupant Risk Values
Date 3/9/06 Impact Velocity (m/s)
Test Article ¥-direction 2.3
Type Energy Absorption Systems, Inc. __ y-direction 52
QUEST™ 70/100 System Ridedown Acceleration (g's)
Installation Length 7.2 m (effective length) x-direction ~13.7
Material and key elements AASHTO M180 galvanized steel panels, Y-direction — 14.1
ASTM A500 Rails, and A36 other European Cornmnittee for Normalization (CEN) Values
Foundation and Anchoring Unreinforced 27.6 MPa concrete, THLV El;\mm) 21.1
clean and dry with (30) 19 mm x 178 mm ilgID (g's) 1{3‘3
ASTM A193 Grade B-7 threaded studs and . z
. . Test Article Deflections (m)
MP-3 Anchoring System Dynamic 07
Test Vehicle :
Type Production Model v e}ﬁgernmaz;l;;nt " I " 0.6
Designation 2000P E;t umnage (Primary Impact)
Model 1994 GMC eg‘gs 4
Mass (kg)
Curb 1840 cpC TIFLEW4
S Interior
Test inertial 1983 veDL 80000000
Gross Y 1983 Maximum Deformation (mm) eeeeere-.. — Negligible
Impact Conditions Post-Impact Vehicular Behavior (deg - rate gyro)
p Sneed (mj 997 Maximum Roll Angle J11.2
Al:lge (deg) 20 Maximum Pitch Angle -14.9
Tmpact Severity (kJ) 88.9 Maximum Yaw Angle 109.5

Figure 26. Summary of Results - QUEST 70/100 NCHRP 350 Test 3-37
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QUEST 70/100 System
Test Article

General Information
Test Agency

Test Designation

Test No.

Date

Test Article
Type

Installation Length
Material and key clements

Foundation and Anchoring

Test Vebicle
Type

Designation

Model

Mass (kg)
Curb

Test inertial

Dummy

Gross

Impact Conditions

Speed (km/h)
Angle {deg)

Impact Severity (k)

Exit conditions

Speed {km/h)
Angle (deg - veb. e.g.)

E-TECH Testing Services, Inc.
NCHRP 350 Test 3-38
01-2174-004

12/13/05

Energy Absorption Systems, Inc.
QUEST™ 70/100 System
7.2 m (effective length)

AASHTO MI130 galvanized steel panels,
ASTM AS00 Rails, and A36 other

Unreinforced 27.6 MPa concrete,

clean and dry with (30) 19 mm x 178 mm
ASTM A193 Grade B-7 threaded studs and

MP.3 Anchoring System

Production Model
2000P
1988 Chevrolet C2500

1927
1972
N/A

1972

99.0
20
§7.2

71
16

Occupant Risk Values

Impact Veloaity (m/s)
x-direction 6.6
y-direction 6.3
Ridedown Acceleration (g's)
x-direction -8.9
y-direction 141
European Committee for Normatization (CEN) Values
THIV (km/h) 30.6
PHD (g's) i4.1
ASI 1.0
Test Article Deflections (m)
Dynamic 0.5
Permanent 0.2
Vehicle Damage (Primary Impact)
Exterior
YIS LEQ-5
cpC 11ILFEW3
Interior
VCDI LE0010000
Maximum Deformation (1am) .....essessenen 70.0
Post-Impact Vehicular Behavior (deg - rate gyro}
Maximum Rell Angle 221
Maximum Pitch Angle -134
Maximwm Yaw Angle 48.6

Figure 31. Summary of Results - QUEST 70/100 NCHRP 350 Test 3-33
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t = 0.000 sec

t = 0.096 sec

t = 0.192 sec

t = 0.430
04 m /03 m (dynamic / permanent deflegtland
3.6 n (mpact)
j _-{J,,-j& b 8
2 deg <oxtd

L™ 20 deg
- {mpactd

20007 Vehicl

~ Ll 27 m Flnab

29 m ihal

QUEST 70/100 System
I Test Article

General Information

Test Agency

E-TECH Testing Services, Inc.

Test Designation NCHRP 350 Test 3-39
Test No. 01-2174-003
Date 11/16/05
Test Article
Type Energy Absorption Systems, Inc.

QUEST™ 70/100 Systern

Installation Length

7.2 m (effective length)

Material and key elements

ASTM A300 Rails, and A36 other

Foundation and Anchoring

ASTM A193 B7 threaded rods

MP-3 Asphalt Anchoring System

Test Vehicle

Type Production Model
Designation 2000P
Model 1988 Chevrolet C2500
Mass (kg)
Curb 1913
Test inertial 2009
Dummy N/A
Gross 1913
Ympact Conditions
Speed (lom/l) 106.4
Angle (deg) 20
Impact Severity (k]) 91.3

AASHTO M180 galvanized steel panels,

150 mm thick asphalt over 200 mm
aggregate base with (38) 19 mm x 457 mm

Exit conditions

Speed (km/h) 72
Angle (deg - veh. c.g.) 2
Occupant Risk Values
Impact Velocity (m/s)
x-direction 6.4
y-direction 6.4
Ridedown Acceleration (g's)
x-direction -1.5
y-direction 8.7
European Committee for Normalization (CEN) Values
THIV (knmv/h) 335
PHD (g's) 139
ASL 1.6
Test Article Deflections (m)
Dynamic 0.4
Permanent 0.3
Vehicle Damage (Primary Impact)
Exterior
vDs LFQ-5
cnC 11LFEW2
Interior
VCDI LF0010000
Maximum Deformation (rnm) ... ersstentean 75
Post-Tmnpact Vehicular Behavior (deg - rate gyro)
Maximum Roll Angle -155
Maximuam Pitch Angle -1.9
Maximum Yaw Angle 30.3

Figure 36. Summary of Results - QUEST 70/100 NCHRP 350 Test 3-39
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t = 0.000 sec

t = 0.500 sec

t = 0.625 sec

15 deg Impact
Centerine Nose

e

820C Vehicle &

30 m
(Dynemic. / Permanent)

148 deg (Final>

QUEST 70/100

Teflection Test Article
General Information 5 iti
Test Agency E-TECH Testing Services, Inc. Exit 532;‘:,“3?;1,11) N/A
Test Designation NCHRP 350 Test 3-32 Angle (deg - veh. c.g.) N/A
Test No. 01-5500-012 Occupant Risk Values
Date 9/23/05 Impact Velocity (m/s}
Test Article . x-direction 117
Type Energy Absorption Systems, Inc. y-direction 0.6
915 ram Wide QUEST™ 70/100 System Ridedown Acceleration {g's)
Installation Length 7.2 m {(effective length) x-direction -19.0
Material and key elements AASHTO M180 galvanized steel panels, y-direction 7.3
ASTM AS500 Rails, 2nd A36 other European Committee for Normalization (CEN) Values
Foundation and Anchoring Unreinforced 27.6 MPz concrete, THIV (km/h) 422
clean and dry with (30) 19 mm x 178 mm PHD (g's) 19.3
ASTM A193 Grade B-7 threaded studs and ASI 14
MP-3 Anchoring System Test Article Deflections (m)
Test Vehicle Dynamic 30
Type Production Model Permanent 3.0
Designation 820C Vehicle Damage (Primary Impact)
Model 1988 Ford Festiva Exterior
Mass (kg) VDS FC4
Curb 792 chC 12FCEW4
Test inertial 810 Interior
Dummy 75 VCDI AS0000000
Gross 385 Maximum Deformation (Ium) ..o Negligible
Impact Conditions Post-Impact Vehicular Behavior {deg - rate gyro)
Speed (km/h) 101.1 Maximum Roll Angle 17.4
Angle (deg) 15 Maximum Pitch Angle -15.6
Impact Severity (kJ) 319.1 Maximum ¥aw Angle 63.2

Summary of Results - 915 mm Wide QUEST 70/100 System NCHRP 350 Test 3-32

"The results of this report relate oaly to the 915 mm wide QUUS'T 707100 configuration tested. “This report ray not e reproduced exeept in full, without the prier written upproval of E-TUCH Testing Services, Lne,
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