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Federal Highway

Administration May 28, 1998

Refer to: HNG-14

J. M. Essex, P.E.

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

Dear Mr. Essex:

In your April 21 letter to Mr. Henry Rentz, you requested acceptance of the REGENT as a
National Cooperative Highway Research Program (NCHRP) Report 350 test level 3 (TL-3)
flared, gating end terminal for strong post w-beam barrier. To support your request for
acceptance of the REGENT at TL-3, you also sent copies of an undated report entitled
*“Engineering Report for the REGENT System,” which included the full report prepared by
E-TECH Testing Services, Inc., entitled “NCHRP Report 350 Crash Test Results for the
REGENT System,” dated April 1998, and a video tape showing the full scale tests that you
conducted on the REGENT. Mr. Owen S. Denman, President of E-Tech Testing Services,
Inc.. has also provided Messrs. Powers and Hartton of my staff with corrections to your report
and additional information on the REGENT, including information on an additional length-of-
need test run on the terminal. Most recently, Mr. Denman submitted, on May 26, a
replacement report dated May 1998 that incorporates and corrects all the previously supplied
information on the REGENT system. In addition, he supplied a new video tape showing all
the tests covered in the report. He also supplied still photographs of the most recent test run
on the REGENT system.

The REGENT is a flared w-beam terminal consisting of a slider head assembly, a cable
anchor/strut and yoke assembly, modified w-beam rail panels, and special weakened wood
posts (REGENT posts 1 and 2, and eight REGENT line posts). Enclosure 1 shows the
installation layout and salient details of the final design. The REGENT is a gating terminal
with its length of need beginning at post 3, approximately 3800 mm from the nose of the
terminal which is offset 1303 mm from the barrier itself. The post offsets correspond to those
specified in the Breakaway Cable Terminal (BCT) that was developed in the late 1970's, but
the REGENT uses more posts to minimize deflection and they are unique. To ensure
consistent performance, the REGENT line posts are 150 mm x 200 mm x 1829 mm wooden
posts with two parallel 63.5-mm diameter holes at ground line. These posts must be select
structural grade 300 mm above and below the weakening holes and #2 grade elsewhere.
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The modified rail elements are partially crushed at two locations to produce “upsets” designed
to induce predictable kinks in the rail in end-on hits while maintaining most of its bending
strength to minimize deflection for side impacts.

The NCHRP Report 350 recommends up to seven tests for a gating, redirective terminal.

We agreed beforehand that for a terminal like the REGENT, angle impacts on the nose would
be less severe than end-on impacts, so tests 3-32 and 3-33 could be waived. We also agreed
that the reverse direction hit (test 3-39) would not be required based on the similarity of the
REGENT to other terminals on which this tests has been run with acceptable results.
Enclosure 2 consists of summary reports for the tests that you conducted. We noted that the
NCHRP Report 350 test 3-35 was run twice on the REGENT, once with it connected to a w-
beam guardrail supported on wooden line posts with wooden blockouts and once connected to
a w-beam guardrail mounted on steel line posts with routed wooden blockouts. The REGENT
demonstrated acceptable performance in both of these tests.

Based on our review of the information you and Mr. Denman have provided, we find that the
REGENT System, as tested, meets the acceptance criteria for an NCHRP Report 350 TL-3
terminal and is acceptable for use on the National Highway System (NHS) if requested by a
transportation agency. Because it is a proprietary device, its use on Federal-aid projects,
except exempt, non-NHS projects, is subject to rthe conditions listed in Title 23, Code of
Federal Regulations, Section 635.411, when such use is specified by the contracting authority.

Sincerely yours,

(Lol b

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

2 Enclosures

Federal Highway Administration
HNG-14:JHatton:366-1320:5-28-98:jh: ESSEX

copies to:

HNG-1 HNG-10 HNG-14 Reader, 3128

Reader, 3128 RAs HFL-1 HHS-10 HSR-20 HNG-20

Geometric and Safety Design Acceptance Letter CC-3%,
48
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ZGENT™ GUARDRAIL END TREATMENT

' TEST MATRIX FOR CERTIFICATION OF Th
TO NCHRP 350 TEST LEVEL 3 STANDARDS
Occupant Ridedown
Impact Velocity | Accelerations
NCHRP Impact | Impact Overall
Evaluation | E-Tech Speed | Angle | Long. | Lateral | Long. | Lateral| Assess-
Criteria | TestID. # Test Conditions (km/hr)| (deg.) | {m/sec)|(misec)| (G) (G) ment Notes
e Vehicle
R . ‘ ‘/’ KRN} . _ .
350.3-30 | 017622 /%/f{ . {< 7 { H 10470| 0 | 1020 | 174 | 908 |-1509| pass | rotated 180
—_— 013 Ro8 08 PR ey Sy degrees in a
stable cond.
- Vehicle gated
350-3.31 | 017622 ~-,1‘::[ - ((7 * 9830 | © 415 | 017 | -380| 480 | pags | [nastable
012 ¢ g4 poa s g b S VSR S S fashion with
P _h. 8 B - R minimal roll.
e - T Vehicle
-7622- e \
350-3-34 01 07532 Wogop 8 /—M'ﬁ;f“.;*/L\/yi* - ] ; 101.10 15 4.62 571 |-15.88| 12.30 | PASS smoothly
T ] // o redirected.
01-7622- g ,nlliL“;ﬂ“&f\”:u%‘ . 1 Vehicle
350-3-35 002 \/ S e 97.10 20 4.69 414 | -463 | -9.11 PASS smoothly
\[[ - / \Q/;/\,’f / redirected.
T —
. ) ) it /j—f/k// ) Vehicl
01-7622- | AAA B B3R ] ehicle
350-3-35 014 f / A P { : 101.70 20 4.73 3.92 | -691|-11.94| PASS smoothly
\\] / . /7\[/ redirected.
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t = 0.000 sec

t=0.180sec

t=0.270 sec

11430 mm

Impact Severity (kJ)

Figure 1. Summary of Results - REGENT System Test 01-7622-013
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REGENT SystemTest Article

General Information Exit conditions
Test Agency E-TECH Testing Services, Inc. Speed (KM/h) e, N/A
Test Designation NCHRP 350 Test 3-30 Angle (deg) .ot N/A
Test No. 01-7622-013 Occupant Risk Values
Date 3/19/98 Impact Velocity (m/s)

Test Article x-direction ... .. 10.20
Type E-TECH Testing Services, Inc. Y-direction ......occcevenvirninecnnicnninncencneinns 1.74

REGENT System with Ridedown Acceleration (g's)
NCHRP 350 "Weak" Soil X-QIrection ceceeceevoeeceerceeeece e renes -9.08

Installation Length 11430 mm Y-direction .....cvnnicnniinecececnees -15.09
Size and/or dimension and material THIV (IN/8) creeeereeeremerecmnenneecesanreeeeracseens . 10.46

of key elements y 11430 mm Terminal Length 7.98
1219 mm Terminal Flare . 1.85
22860 mm Downstream Rail Test Article Deflections (m)

Test Vehicle DYNAMIC coceirieensnrisnretnetiinens st esseniaseseessonses 5.7
Type Production Model Permanent ... 5.7
Designation 820C Vehicle Damage
Model 1988 Ford Festiva Exterior

Hatchback VDS i FR-3
Mass (kg) CDC et eesesneeeneans 12FREW3
Curb 807.8 Interior
Test inertial 817.0 OCDI ...ttt ssnesneenes RF0010000
Dummy(s) 75.0 Post-lmpact Vehicular Behavior (deg - gyro @ c.g.)
Gross Static 892.0 Maximum Roll Angle .urreeiiirceenecreneieennns
Impact Conditions Maximum Pitch Angle ....
Speed (km/h) 104.65 Maximum Yaw Angle ..ionennvcnncccencvenneeens
Angle (deg) 0.0
345.21
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REGENT SystemTest Article

General Information

Test Agency E-TECH Testing Services, Inc.
Test Designation NCHRP 350 Test 3-31
Test No. 01-7622-012
Date 4/9/98
Test Article
Type E-TECH Testing Services, Inc.

REGENT System with

NCHRP 350 "Weak" Soil

Installation Length

11430 mm

Size and/or dimension and material
of key elements

11430 mm Terminal Length

1219 mm Terminal Flare

22860 mm Downstream Rail

Test Vehicle
Type Production Model
Designation 2000pP
Model 1988 Chevrolet C2500
3/4T Pickup
Mass (kg)
Curb 1875.6
Test inertial 1999.8
Dummy(s) N/A
Gross Static 1999.8
Impact Conditions
Speed (km/h) 98.32
Angle (deg) 0.0
Impact Severity (kJ) 745.76

Exit conditions
Speed (KW e N/A
ANgle (deg) v N/A
Occupant Risk Values
Impact Velocity (m/s)
x-direction .. 4.15
y-direction ..... 0.1
Ridedown Acceleration (g's)

X-direction ..., -3.80
Y-Airection i e 4.80
THIV (/8) ceoveirerieiierirrcecniereceneees 4.15
PHD (g's)
ASL e
Test Article Deflections (m)
DYNamic et sscsessssneens 4.3
Permanent ... 4.3
Vehicle Damage
Exterior
VDS s FC-3
12FCEW2
OCDI ..ttt LF0100000
Post-lmpact Vehicular Behavior (deg - gyro @ c.g.)
Maximum Roll Angle......ininvninninccnnnnnn. 41

Maximum Pitch Angle
Maximum Yaw Angle

Figure 6. Summary of Results - REGENT System Test 01-7622-012
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t = 0.000 see = 0.180scc

t = 0.360s¢c

15 0.720 see

/—azoc Vehicle

208 m
{final stopping) {

22"
{exit)
> 1
8]

13.7 m
{final elopping)

03 m
(¥mpoct upstream of Post 2)

06/0.4 m
{dynomic /permanent delfection)

267 m
(downstreom rodl)

| 11430 mm '

;

1219 mm

General Information
Test Agency

E-TECH Testing Services, Inc.

NCHRP 350 Test 3-34

Test Designation
Test No.

U1-/044-U00

Date

1/23/98

Test Article
Type

E-TECH Testing Services, Inc.

REGENT System with

NCHRP 350 "Weak" Soil

11430 mm

Installation Length
Size and/or dimension and material
of key elements

11430 mm Terminal Length

1219 mm Terminal Flare

26670 mm Dowastrcam Rail

Test Vehicle
Type Production Model
Designation 820C
Model 1989 Ford Festiva
Hatchback
Mass (kg)
Curb 804.6
Test inertial 812.2
Dummy(s) 75.0
Gross Static 887.2
Impact Conditions
Speed (km/h) 101.12
Angle (deg) 15.0
Impact Severity (kJ) 21.46

r 730 mm
T rl
L AN
AT I T i IF‘]
* REGENT SystemTest Article
Exit conditions
Specd (KB cnesscesnnes 49.32
ANGle (eg) oot s 22.0

Occupani Risk YVaiues
Impact Velocity (im/s)
X-direction ..oiieveeninniiniiiis
y-direction .
Ridedown Acceleration (g's)

X=UIFCCHiON weevvtiicitiensiininrer e -15.88
Y-UIreCtion coececveinniserciniecnninecnienneenennen. 12.30
THIV (m/s)........ e eereernnaene 7.26
PHD (g's) . 14.30
AST s 1.29
Test Article Deflections (m)
DYRAMIC curervtiiierccrrecnnennirienrrenseerieeeeeee 0.5
Permanent.....rieeninenrncnccnenneeseneiene 0.5
Vehicle Damage
Exterior
VDS s LFQ-5
CDC ettt et b nenes I1LDEW4
Interior
OCbI AS0000000
Post-Impact Vehicular Behavior (deg - gyro @ c.g.)
Maximum Roll Angle ...niciiiiiniierncneenecans -9.58
Maximum Pitch Angle i 1.92
Maximum Yaw Angle ciiiinniiinininnnes -44.46

Figure 11. Summary of Results - REGENT System Test 01-7622-003
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t =0.000 sec t = 0.120sec . t =0.240scc t =0.360 scc

t = 0.480 scc
' 11430 mm '
4 228 m .
(.':O.’“) 2000P Vehicle (e ) 1.8 m 8 7 6 5 4 S - =
S = (1o i) 10 92 MMM/ 1219 mm

[%‘a m_’__

(mn—-ﬂ-:-u.om.\)“"' vons } \/ J
e e S | [l =
? REGLENT SystemTest Article

General Information Exit conditions
Test Agency E-TECH Testing Services, Inc. Speed (Km/R) cneeeiioniiercenciciestieneaes 57.60
Test Designation NCHRP 350 Test 3-35 Ang,,le (011723 e 9.0
Tesi No. 01-7622-002 Qccupant Risk Values
Date 1/6/98 . Lmpact Velocity (m/s)

Test Article X-direction .cuvecveniencineccnine 4.69
Type E-TECH Testing Services, Inc. Y-BIrection eeeieeniiennineniinenninecnnenne. 4.14

REGENT System with Ridedown Acceleration (g's)
NCHRP 350 "Weak" Soil x-direction
Installation Length 11430 mm y-direction
Size and/or dimension and material THIV (wm/s)
of key elements 11430 mm Terminal Length PHD (g's).ccocvricenasne
1219 mm Terminal Flare ASI
26670 mm Downstream Rail Test Article Deflections (m)

Test Vehicle DYNANEC ottt st sesees 1.9
Type Production Model Permanent e 1.7
Designation 2000P Vehicle Damage
Model 1988 Chevrolet C2500 Exterior

3/4T Pickup VDS e e RFQ-5
Mass (kg) CDC vttt 11LDEW?2
Curb 1972.2 Interior
Test inertial 1996.0 OCDI et reesenes LF1000000
Dummy(s) N/A Post-Impact Vehicular Behavior (deg - gyro @ c.g.)
Gross Static 1996.0 Maxinmum Roll ARgle eiivinieneiiiecceeiiinens 9.
Maximum Pitch Angle ...

Impact Conditions

Speed (km/h) 97.08 Maximum Yaw Angle
Angle (deg) 20.0
Impact Severity (kJ) 84.92

Figure 16. Summary of Results - REGENT System Test 01-7622-002
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t=0.000 sec

2000P Vehicie

15" (exit)
- § ¥ ¥

2159 m
{dynomlc/parmonent delfection) =~

| 11430 mm i
1

1219 mm

229 m
(PWEOD! wide flange post w/wood blockout guordral)

IR ] T

f

REGENT SystemTest Article

General Information

Test Agency E-TECI Testing Services, Inc.
Test Designation NCHRP 350 Test 3-35
Test No. 01-7622-014
Date 5/14/98
Test Article
Type E-TECH Testing Services, Inc.

REGENT System with

NCHRP 350 "Weak" Soil

Installation Length

11430 mm

Size and/or dimension and material

of key elements (mm)

11430 Terminal Length
1219 Terminal Flare

22860 Downstream Rail

Test Vehicle
Type Production Model
Designation 2000P
Model 1989 Chevrolet C2500
3/4T Pickup
Mass (kg)
Curb 1919.8
Test inertial 1995.4
Dummy(s) N/A
Gross Static 19954
Impact Conditions
Speed (km/h) ... 101.69
Angle (deg) 20.0
Impact Severity (kJ) 93.14

Figure 21..Summary of Results -

Exit conditions
Coovnned Ve 11\
UIILLU \I\IIII B8 ) savncesassasscrscnnccasncsssaroranseavresccasccacoacnsrss o S w
Angle (deg)
Occupant Risk Values
Impact Velocity (m/s)

X-Irection .ccoceivcniiieecunnrnriceneecsenssencnenee 4.73

Y-direction c..uvecoveeiiiiiiiinsiisieiecentieenesenns 3.92
Ridedown Acceleration (g's)

X-Iirection ....evenieininnnnennnenenn -6.91

y-direction .. e =11.94
THIV (I/S) evutrirerreeiniineiiiiniccnicneininensesscines 6.86
PHD (g's)...... ... 8.44
ASL vttt s enens 0.64
Test Article Deflections (m)
DYRAMIC covreeiiiiiiiiecintencinmeic e naes 2.1
Permanent...iinicniniinnienniiesnnnenineenne 1.9
Vehicle Damage
Exterior
RFQ-5
.. 11ILDEW2
Interior
OCDI it etsereinns AS0000000
Post-Impact Vehicular Behavior ((Ic;, gyro @ c.g.)
Maximum Roll Angle......... e 0.25
Maximum Pitch Angle ... 3.04
Maximum Yaw Angle -43.06

REGENT System Test 01-7622-014
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