June 18, 1998

Refer to: HNG-14

J. M. Essex, P.E.

Senior Vice President, Sales
Energy Absorption Systems, Inc.
One East Wacker Drive
Chicago, lllinois 60601

Dear Mr. Essex:

In your April 15 letter to Mr. Henry Rentz, you requested acceptance of the QuadTrend for use
on the Nationa Highway System (NHS) at National Cooperative Highway Research Program
(NCHRP) Report 350 test level 3 (TL-3). The QuadTrend is a modified version of the TREND,
a product intended to function both as a gating, redirective end terminal and as atransition
element to arigid longitudinal barrier. The original TREND was formally accepted by the Federal
Highway Administration for use as an NCHRP Report 230 device on

January 8, 1986.

To support your request, you sent copies of your report entitled “ QuadTrend-350 End Treatment:
Quialification to NCHRP 350 TL- 3 - Engineering Summary,” dated March 10, 1998, which
included the full report prepared by E-TECH Testing Services, Inc., entitled “* NCHRP Report 350
Crash Test Results for the QuadTrend-350,” dated March 1998, and a video tape showing the full
scale tests that you conducted on the QuadTrend. Revised copies of the two reports, both dated
June 1998, were delivered to Mr. Richard Powers of my staff on June 17.

The QuadTrend-350 System is a redirective terminal/transition consisting of interlocking
telescoping Quad-beam fender panels, six wide flange posts on dip base supports, sand containers
onposts 1, 3, and 4, atension strap on the field side of the unit, and a ground-level redirecting
cable. The primary difference from the TREND is the use of Quad-beam fender panelsin place of
the origina Thrie-beam panels used on the TREND. The QuadTrend system, astested, isshown
on Enclosure 1.
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Since the QuadTrend is a gating terminal, NCHRP Report 350 specifies that tests 3-30 through 3-
35 and test 3-39 be run to certify thisdevice at Test Level 3 (TL-3). You stated that

NCHRP Report 230 test 45 (which was run to certify the TREND) was equivalent to NCHRP
Report 350 test 3-30 which need not be repeated since the Quad-beam fender panels are
approximately the same weight as the Thrie-beam panels used in test 45, and there were no other
significant design changes that were likely to degrade the QuadTrend’ s end-on performance with
the 820-kg car. We reviewed the video and written summary of test 45 and agree that test 3-30
would probably be redundant and thus can be waived. Y ou further stated that test 3-34 (small car
at 15 degrees at the Critical Impact Point) need not be run because it is less critical than the
NCHRP Report 230 test 30 (4500-pound car at 25 degrees 15 feet upstream from the connection
to therigid barrier). We do not believe these two tests are readily comparable. Test 3-34 isthe
NCHRP Report 350 equivalent of the NCHRP

Report 230 test 44 (an 1800-pound car at 15 degrees midway between the nose and the beginning
of the termina’ s length of need) which was not run for the TREND certification. Nevertheless,
we can agree to waive test 3-34 based on our comparison of the specific QuadTrend design
details at the assumed critical impact point (i.e., at post 2) and the results of tests that have been
run on other NCHRP Report 350 parallel terminals at the same location. A one-page summary of
the tests that you did run, and summaries of each individua test, including NCHRP Report 230
test 45, are enclosed as Enclosure 2.

Two items appear critical to ensure satisfactory in-service performance of the QuadTrend - the
structural rigidity of the vertical concrete barrier to which it is attached and the grading behind the
terminal where the redirecting cable is located. The information you submitted did not include
details on the attachment of the QuadTrend to the concrete wall or the reinforcing and
embedment details of the wall itself. The concrete barrier to which the QuadTrend is attached
must be a chamfered vertical wall (astested), designed to resist alateral ultimate load of

60 kips (414 MPa) to prevent overturning or significant deflection and a longitudinal load of 120
kips (828 MPa) to prevent pull-out or rupture of the end shoe.

Grading around the QuadTrend should conform to the recommended grading for all gating-type
terminals. The roadway approaches to the terminal should be 1 to 10 (or flatter) and this grading
should be extended at least one meter behind the terminal at which point it can be rounded to a
somewhat steeper lope where necessary. Since a vehicle impacting the end of the QuadTrend
will be guided along the redirecting cable, it is critical that this path be unobstructed and
traversable. The need for a nearly flat runout path is evident in test 3-31 in which the impacting
pickup truck was subjected to high roll and pitch angles as it was redirected behind the
QuadTrend along the ground cable.



Based on our review of the information you provided, we concur that the QuadTrend, as tested,
meets the acceptance criteria for an NCHRP Report 350 TL-3 terminal when used to

shield the end of arigid, vertical concrete barrier as noted above. It may be used on the National
Highway System (NHS) when such use is specified by, or acceptable to, a transportation agency.
Because it is a proprietary device, its use on Federal-aid projects, except exempt, non-NHS
projects, remains subject to the conditions listed in Title 23, Code of Federal Regulations, Section
635.411 when its use is specified by the contracting authority.

Sincerely yours,

(original signed by Dwight A. Horne)

Dwight A. Horne
Chief, Federal-Aid and Design Division

2 Enclosures
Acceptance Letter CC-49
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Enclosure 2: Page | of 7

TEST MATRIX FOR CERTIFICATION OF THE Quad Trendw-350 END TREATMENT

TO NCHRP 350 TEST LEVEL 3 STANDARDS

QOccupant Impact Ridedown
Velocity Accelerations

NCHRP impact Overall
Evaluation impact Speed] Angie Long. Lateral Assess-

Criteria E-Tech Test ID. # Test Conditions (km/hr) {deq.) {m/sac) {misec) | Long. (G) |Lateral (G ment Notes
350-3-31 01-7624-003 T 98.96 0 3.56 1.87 -10.04 11.88 PASS
350-3-32 01-7824-002 99.38 18 11.08 1.09 -17.78 -7.28 PASS
350-3-33 01-7624-004 97.56 15 9.17 1.93 -10.85 10.02 PASS
350-3-35 01.7624-005 96.26 21 4.69 6.00 -7.26 9.20 PASS

Impact
350-3-39 01-7624-001 100.95 20 5.19 7.69 -11.42 19.58 PASS (wrong
294-d-o9 way.

3/31/98 2.34 PM




t = 0.900 scc t = 1.200 sec t = final
Rigid
6630 mm . 9
(Overoll System) yondrete
et — - r Test Article

QuadTrend-350

(Cable Anchor)
al m o)
\J |
General Information Exit conditions
Teit Ageacy E-TECH Testing Services, Inc. Speed (km/h) N/A
Test Designation NCHRP 350 Test 3-31 Angle (deg) NA
Test No. 01-7624-003 : Occupant Risk Values
Date 1077197 Impact Velocity (m/s)
Test Article x-direction 9.56
Type Energy Absorption QuadTread-350 y-direction 1.87
wirigid wall backup Ridedown Acceleration (g's)
Installation Length, (mm) 6630 (overall system) x-direction -10.04
d Size and/or dimension and waterial y-direction 11.88
g- of key clements ' QuadTrend - 350 THIV (m/s) 9.73
w 6630 mm (overall system) :lS[lD ®'s) :26;0
S Foundation Type aand Coadition Dry 203 mm decp unreinforced . :
0 Portland Cement Concrete Test Article Defloctions (m) :
E- Test Vehicle gz:::::.t :g
Type Production Model -
@ Designation 2000P Vehicle Momage
= Model 1988 Chevrolet C-2500 ""VD’ S c
& /4T Pickup FC-3
2 Mass (kg) CDC 12FCEW)
& Curb 2000.8 Interior g
. Tﬂ' i-er“.l 2w1.8 OCDI ...... e Lmzm
by Post-Impact Vehicular Bebavior (film @ ground plane)
o Dummy(s) NA
= Gross Static 2007.8 Mazimum Roll Angle -62
] Maximum Pitch Angle -70
= Impact Conditions
Speed (km/h) 98.96 Maximum Yaw Angle 43
Angle (deg) 0.0
Impact Severity (kJ) 758.65

Figure 1. Summary of Results - QuadTrend - 350 Test 01-7624-003
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t = 0.000 sec t = 0.120 sec t = 0.240 sec t = 0.360 sec t = 0.480 sec t = final
Test Article Deflection 6630 mm Rigid
41 m (Overall System) - Condrete
(Dynamic and Permanent) o s
820C Vehicle - ]

v

— . A

17 degq

16 deg 7 —
(Impact) e

@Q% —

~~~~~~~~~~~~~ @ (Finat)

46 m

" |

(]

(Cable Anchor) 2970

Test Article
QuadTrend-350

(Cable Anchar)

General Information
Test Agency

Test Designation
Test No.

Date

Test Article

Type

Installation Length, (mm)

Size and/or dimension and material

of key elements

Foundation Type and Condition

Test Vehicle
Type

Designation

Model

Mass (kg) R
Curb

Test inertial

Dummy(s)

Gross Static

LE 3O 11- NS IS3L YSeID S - Pual] pend)

Impact Conditions
Speed (km/h)

Angle (deg)

Impact Severity (kJ)

E-TECH Testing Services, Inc.
NCHRP 350 Test 3-32
01-7624-002

9/24/97

Energy Absorption QuadTrend-350

w/rigid wall backup
6630 (overall system)

QuadTrend - 350

6630 mm (overall system)

Dry 203 mm deep unreinforced
Portland Cement Concrete

Production Model
820C

1988 Ford Festiva
Hatchback

810.2
802.6
75

877.6

99.36
16.0
305.69

Exit conditions

Speed (km/h)
Angle (deg)

Occupant Risk Values
Impact Velocity (m/s)
x-direction

y-direction

Ridedown Acceleration (g's)
x-direction

y-direction

THIV (m/s)
HD (g's)

P
ASI

Test Article Deflections (m)

Dynamic
Permanent

Vehicle Damage
Exterior
VDS

CDC
Interior

OCDI et enas

Post-Impact Vehicular Behavior (ra.(e gyro @ c.g.)

Maximum Roll Angle

Maximum Pitch Angle

Maximum Yaw Angle

Figure 6. Summary of Results - QuadTrend - 350 Test 01-7624-002
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LE JO L 1- SINSIY 1S3 GSeID S - PUALPEd)

t = 0.000 sec

t = 0.600 sec

t = 0.900 sec t = 1.200 sec

t = final

2000P Vehicle \

.

— [} =
L4 T——
15 deg (impact) S WPE, = = o T S
- —Q
128 m
(Final)

Rigid
Condrete
Wall

oo . 6630 mm _—— @

(Overall System)

Test Article
QuadTrend-350

2970 mm

(Cable Anchor)
(Cable Anchor)

General Information
Test Agency

‘Test Designation

Test No.

Date

Test Article
Type

Installation Length, (mm)
Size and/or dimension and material
of key elements

Foundation Type and Condition

Test Vehicle

Type
Designation

Model

Mass (kg)

Curb
Test inertial

Dummy(s)

Gross Static

Impact Conditions
Speed (km/h)

Angle (deg)

Impact Severity (kJ)

E-TECH Testing Services, Inc.

NCHRP 350 Test 3-33
01-7624-004
11/21/97

Energy Absorption QuadTrend-350

w/rigid wall backup
6630 (overall system)

QuadTrend - 350
6630 mm (overall system)

Dry 203 mm deep unreinforced

Portland Cement Concrete

Production Model
2000P

1988 Chevrolet C-2500
3/4T Pickup

21034
1994.0
N/A

1994.0

97.56
15.0
732.20

Exit conditions

Speed (km/h) N/A
Angle (deg) N/A
Occupant Risk Values
Impact Velocity (m/s)
x-direction 9.17
y-direction

Ridedown Acceleration (g's)

x-direction -10.85
y-direction 10.02
THIV (m/s) 9.39
PHD (g's) 12.12
ASI . 095
Test Article Deflections (m) )
Dynamic . 6.0
Permanent 6.0
Vehicle Damage
Exterior
vDS FC-3
cbC 1HHFCEW3
Interior
oCDI AS0000000
Post-Impact Vehicular Behavior (rate gyro @ c.g.)
Maximum Roll Angle -26.20
Maximum Pitch Angle -29.44
Maximum Yaw Angle 81.72

Figure 11. Summary of Results - QuadTrend - 350 Test 01-7624-004
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LE 3O £7 - IMSAY 1591 YSEID) G - PUALLpend)

t = 0.120 sec = 0.240 sec

21 deg (impact)

{
8 deg (Eait)

i

2000P Vehicis

4.5 m (Final)

i

4.3 m (Fndl)

t = 0.360 sec t =0.480 sec t = final
6630 mm Condrete
(Overall System) wall
QuadTrend-350
9
(Cable Anchor) 2970 'mm

(Cable Anchor)

General Information
Test Agency

E-TECH Testing Services, Inc.

Test Designation

Exit conditions
Speed (km/h) 65.5
Angie (deg) 8.0

Test No. 01-7624-005 Occupant Risk Values
Date 1/21/98 Impact Velocity (m/s)

Test Article x-direction v 4.69

Type Energy Absorption QuadTrend-350 Y-AIFeCtioN ...eceeeviiiricninecenrnrse e eene 6.00
w/rigid wall backup Ridedown Acceleration (g's)

Installation Length, (mm) 6630 (overall system) x-direction -7.26

Size and/or dimension and material y-direction 9.20

of key elements QuadTrend - 350 THIV (m/s) 8.04

. 6630 mm (overall system) PHD (g's) 8.25

Foundation Type and Condition Dry 203 mm deep unreinforced AS'_ : 110

Portland Cement Concrete Test Artncle_ Deflections (m)

Test Vehicle Dynamic 0.1
Type Production Model _Permanent 0.1
Designation 2000P Vehicle Damage
Model 1989 Chevrolet C-2500 Exterior )

3/4T Pickup VDS LFQ-5
Mass (kg) Ine (ii)lr)C .................. 11LDEW4
Curb 2079.5 nter
Test inertial 2003.4 oCDI1 : seeprseseesssneas sernsrenensanns AS0000000
Dummy(s) N/A Post-lmp?ct Vehicular Behavior (rate gyro @ c.g.)
GTOSS SEALIC oo tsessonesssas 2003.4 Maximum Roll Angle ........................ -13.52

Impact Conditions Maximum Pitch Angle -8.15
Speed (km/h) 96.26 Maximum Yaw Angle ....................... 31.34
Angle (deg) 21.0
Impact Severity (kJ) 91.98

Figure 16. Summary of Results - QuadTrend - 350 Test 01-7624-005

t
o
)
X
ﬂ
P
<
= .
o
S
3
)
o
&~
)
1]

17 ®ansoTouy

[ 30 ¢ 38eyg



LE 3O 67 - IMSIY 1S3 YSBID OS€ - PUL L pend)

t = 0.000 sec t = 0.120 sec

Tast Articie Deflection
g1 m (Dynomic end Permanent)

t = 0.240 sec
Rigid
6630 mm Condrete
(Overall System) wall
A |
0 dog (asit) Test Article
uadTrend-35
2970 mm Q g

(Cable Anchor)

2000 Test Vahicie

3086 m (Fnal)

(Cable Anchor)

238 m (Final)

General Information

Exit conditions

Test Agency E-TECH Testing Services, Inc. Speed (km/h) 66.6
Test Designation NCHRP 350 Test 3-39 o Angle (deg) 0.0
Test No. 01-7624-001 : ccupant Risk Values
Date /18197 Impact Yeloglty (m/s)
Test Article X-gfreczgon 3:’3
; - y-direction .
Type 57:;%5 ::Islot::)ct::):pQuadTrend 350 Ridedown Acceleration (g's)
Installation Length, (mm) 6630 (overall system) ;:ﬂ:;:ﬁ::ﬁ: 1191.5452
Size and/or dimension and material THIV (m/s) : ' 9‘3'5
of key elements QuadTrend - 350 PHD (g's) 13.87
6630 mm (overall system) A 131

Foundation Type and Condition

Dry 203 mm deep unreinforced Test Article Deflections (m)

Portland Cement Concrete Dynamic 0.1
Test Vehicle Permanent 0.1
Type Production Model Vehicle Damage
Designation 2000P Exterior
Model ..... - 1988 Chevrolet C-2500 vDS LFQ-5
3/4T Pickup CcDhC 11LDEW2
Mass (kg) : Interior
Curb 1913.2 L0704 1 1 O RRO AS0000000
Test inertial 2007.6 Post-Impact Vehicular Behavior (deg)
Dummy(s) N/A Maximum Roll Angle (Yr0) ........vveeeernreneercenene 21.76
Gross Static 2007.6 Maximum Pitch Angle (gyro) ... e 1018
Impact Conditions Maximum Yaw Angle (film) .......... ereerssresnassrnnens 27.72
Speed (km/h) 100.95
Angle (deg) 20.0 .
Impact Severity (kJ) 93.32

Figure 21. Summary of Results - QuadTrend - 350 Test 01-7624-001
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UNIT G

Tl

1" OFFAET

TeSL NO: tireerennceassacscsncncnccnscnnnnennnsns 85-010
L -7 27 2 1
Installation

Drawing NO. c.ceevevecccncceseenannaaceonaeess TREND

Length = ft .e.cieiiinnieiiiiiiiiiiiiiiiiaio.. 18]

Maximum Penetration = ft eeieeleceececennenennnn. 127
Structure .

Member .....cieceveceecarsccsacancse. C.M.B. Concrete

Length = ff ceiieiiienensenieccacenneecoasannanas 207

Overall Length t.cveiceececcncnnn.. tecscccacaan ees 20!
Vehicle

Model ........ ecscscaanennen essesess 1976 Honda Civic
Mass — 1b Test INErtia@ eseeceeececeeencecncueeeaness 1850

Dunmy ...ccceennnnn.. ceseannan teceeanenae 165

Lid

Target Impact Severity — ft-KipS .e..ese... 228.4
Speed - mph

Impact Cecessiacssssrasanannsns csesasesssss 00.8
Angle - deg

ImpACE eeeeieninuceennnacescnnnns T ¢ |
Occupant Impact Velocity ~ fps

Forward suceeueininiiiinneriineeeeencnanns 37.4

Lateral ......ciav.... cceecscncancacrnscnnna 9.6
Occupant Ridedown Acceleration - g's 7

Forward cceeeeeininnnnnnnn. secascasssneasa 13.6

Lateral ............. teescesssecsccssssess 12.6
Max. 50 MS g's (Per TRC-191) teeeieenaneaeeas 151
Vehicle

(o]

TAD Damage seeeeevecinnnnanan. cescesancnanna FD-4
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