June 19, 1997
Refer to: HNG-14

Mr. J. M. Essex, P.E.

Vice President, Sales

Energy Absorption Systems, Inc.
One East Wacker Drive
Chicago, Illinois 60601

Dear Mr. Essex:

Your March 26 letter to Mr. Gerald L. Eller requested the Federal Highway Administration
(FHWA) to accept the Brakemaster System as a National Cooperative Highway Research
Program (NCHRP) Report 350 test level 3 (TL-3) terminal. To support this request, you
provided copies of your March 1997 report, “BRAKEMASTER System Qualification to NCHRP
350", which included information on three tests conducted in 1989 under NCHPR Report 230
guidelines and on five more recent tests by E-TECH Testing Services, Inc, conducted under
NCHRP Report 350 guidelines. In addition to these test reports, drawings, photographs, and
videotapes of the full-scale crash tests were also submitted. The results of the certification tests
are summarized in Enclosure 1 for ready reference. In response to questions raised by my staff,
you submitted supplemental information with your letters dated April 4, April 22, May 7, and

June 9.

We note that the design for which you have requested FHWA acceptance (Enclosure 2) is
identical to the NCHRP Report 230 Brakemaster terminal except for a new alternative end anchor
detail. Inaddition to the origina concrete footing anchor design, you have requested acceptance
of an anchor assembly consisting of two 1981-mm long TS-203x152x4.8 steel tubes connected by
a steel anchor (tension) strap 9.5-mm thick as detailed in drawing no. 9202024-0000 in Enclosure
2.



We agree that NCHRP Report 230 tests 44 and 45 correspond to NCHRP REPORT 350 tests 3-
34 and 3-30, respectively, and that NCHRP Report 230 test S31 can be considered approximately
equivalent to NCHRP Report 350 test 3-39 for the Brakemaster design features. We concur that
all NCHRP Report 350 tests that were run (3-31, 3-32, 3-33, and 3-35) satisfactorily met
appropriate evauation criteria as noted in Enclosure 1. We have noted that test 3-35

was run twice, once with each of two different anchor designs, to show that, under maximum
loading conditions, the recommended alternative anchor design, which has no soil bearing plates
on the anchor tubes, performed as well as a developmental design, which incorporated shorter
anchor tubes with soil bearing plates and a ground-level compression connecting strut and was
used in three of the other NCHRP Report 350 certification tests (tests 3-31, 3-32 and 3-33).

Based on our review of the information presented, we have concluded that the Brakemaster
design with either of the anchor assemblies shown in Enclosure 2 satisfies the NCHRP Report 350
evaluation criteriafor a TL-3 terminal and that it may be used on the National Highway System
(NHS) when selected by a highway agency. Since the Brakemaster is proprietary, all regulations
regarding its use on Federal-aid projects (except non-NHS projects) remain applicable.

A copy of thisletter and enclosures will be sent to the FHWA field offices for information.

Sincerely yours,

(original signed by David A. Price)

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

2 Enclosures
Acceptance Letter CC-41






Ll ivourc 4+

TABLE 1 -- SUMMARY OF TEST RESULTS SUBMITTED FOR CERTIFICATION OF THE BRAKEMASTER TO NCHRP 350 STANDARDS

Occupant Ridedown
impact Velocity | Accelerations
Justification
NCHRP NCHRP Imiact| Impact Overall of NCHRP
Evaluation| 350 Equi-| Test Speed | Angle | Long. | Lateral! Long. | Lateralj Assess-j Anchor and soil 230 test
Criteria valent 1D. Test Conditions (km/hr)] (deg.) | (misec)] (m/isec) (G} (G) ment types used inclusion
NCHRP 230 Tests Included in Current Certification Program
230-44 3-34 074-57 (See below.)
230-45 3-30 074-56 (See below )
230-S31 3-39 074-46 See below.)
NCHRP 350 Certification Tests for TL3, Redirective, Gating End Terminal
NCHRP 350
Test 3-30 s
350-3-30 — |erass| T T 1008 0O 98 27 | 142 59 | pass'| Concretepaa |STECUVEl
= equivalent to
NCHRP 230
Test 45
o1 5 ft foundation
350-3-31 7606-| T E 10035 © 805 | 066 |-1413) 296 | paggn | (U087 weak sal
T 03 (Appendix 2,
Ilustration D-3)
91- - 5 ft foundation
tube 1n weak soil
350-3-32 7606- 13.05 15 1160 1.08 |-16.57| 621 °
= ! o1 PASS (Appendix 2,
Hllustration D-3)
01- 5 ft foundation
350-3:33 | - | 7606- 0334 14 | 745 | 049 | 971| 340 | pagge | MBS wesk sod
23 J 02 {Appendix 2,
lllustration D-3)
NCHRP 350
Test3-34is
350-3.34 | - |074-57) 992 | 15 | a8 | 48 | 57| 136 | pass| Concretepad |Vl
equivalent to
NCHRP 230
Test 44,
Embedded
01- ) (concrete} anchon
350-3-35 7606- - €937 210 | 673 | 127 | -917] 826 | pASS® | inweak soil.
04 = g {Appendix 2,
N o {llustration D-6)
o1 p 4-’/‘/\(/;\ 6 1/2 ft foundatior]
’ N TN tube n standard
350-3-35 - 7601 ° o - © 0.5 3.068 309 |-1034] 1065 b
350-3-39 056' : §5.43°| 2 65 PASS soil. (Appendix 2,
—— lllustration D-8)
—— NCHRP 350
—- — Test3-391s
- effectively
-3-39 — 074-46 vé d 4 13 117 N
350-3-39 ‘ 978 17 58 5 5 PASS Concrete pad equivalent to
NCHRP 230
Test 831

= See Appendix 1 for summary of NCHRP 230 test results from onginal BRAKEMASTER certification program, and evaluation of test in accordance
with NCHRP 350 cniena

® See E-Tech report (Appendix 2) for fuil test details.

* Impact speed is 0.57 kph below recommended range; however, impact seventy is vithin recommended range This was judged to be acceptabie because:
Test 01-7606-04 demonstrated that the structure is fully adequate so long as the nose anchorage is stabie; and test 01-7606-05 demonstrated that the
foundation tube anchor is sufficiently stable

7 The impact seventy 1s less than recommended, because the impact angle is less than recommended. This wi

First. the BRS functions identically regardless of the direction of overap of the fender panels. As a result, it is always installed so that the paneis
overlap away from traffic and there are never any snag points presented to traffic. Secondly. the front anchor capacity was verified in test 01-7606-05

(NCHRP 350-3-35)

as judged to be acceptable for two reasons

Energy Absorption Systems. Inc. Engineening Department 5
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/////// NOTE: "

DURING AN IMPACT, THE FENDER
/ PANELS MAY FLARE OUT AS MUCH

e / AS FOUR FEET ON BON! SIDES
{1219m)

-

PANEL/STRAP SET 'B’

////////////PANEL/STRAP SET 'A’

CAUTION: DO NOT ATTACH THE BRAKEMASTER. SYSTEM
DIRECTLY TO A RIGID CONCREIE BARRIER. A GUARDRAIL
TRANSITION SECTION 1S REQUIRED. CONTACT ENERGY
ABSORPTION SYSTEMS AT (312) 467-6750 FOR MORE
INFORMATION.

BIDIRECTIONAL INSTALLATION SHOWN /

DIAPHRAGM 2

,/ e
\
/ /
PARTS LIST

TEM] STOCK NO DESCRIPTION REQ'D

9202010-0000 { ANCHOR ASSY, £EMBEDDED, BRS 1

DIAPHRAGM 1

1
2| 9204010-0000 | BREAKAWAY ASSY 1
3 |'9206010-0000 | BRAKE/TENSION SUPPORT ASSY | 1
4| 920B010-0000 | CABLE/BRAKE ASSY i
5| 9210011-0000 | DIAPHRAGM, BRS 3
. NOTES: =
- RIGHT 1. MANUFACTURER RECOMMENDS A CROSS SLOPE OF NO MORE THAN 8% (5°) ‘; 35138:878888 f;;:s;{ﬁnggT}:::YASSY ;’
SIDE 2. DOWNSTREAM GUARDRAIL MUST BE ANCHORED 10 WITHSTAND A TENSION OF 120,000 LBS. [534 kN] )

MODEL NO. 106106BRSS

ENERGY ABSORPTION SYSTEMS, INC.

ENGINEERING AND RESEARCH DEPARTMENT

BRAKEMASTER SYSTEM (BRS)

GENERAL ASSEMBLY
(BIDIRECTIONAL SYSTEM)
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SEE NOVE 1 (2)

FIELD CONFIGURATION

PARTS LIST

gl S10CK MO OCSCRA RO AL 0Dy
T 7|9202021-0000 | ANCHOR_ EMDEDDED, W/DECAL |
7 |9202031-0000 | SUPPORT_WOO0_ | x 4 « 48 2
[y |2699141-0t00 | 0OLT nx. 1/4X) 3/4_G2, P [
1 {2708277-0000 | WASHER, FLAT, 1/4 « 1 1/2, G 4
S [2704151-0100 | NUT, X, 1/4, P 4

2°-0" (610mm]
/ OIAMETER HOLE

SEC DETAR A

50" (1524mm)

SEE DETAIL DRAWNGS

NEXT ASSEMBLY __
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' CAUTION: Proper placement ol
! this assembly is crilical to lhe
i . TAl linal ossembly of the system.
Reod and follow lhe installation
inslructions.
e - NOTE
- ). ATEACH 11EMS 2 1O ITEM § AS SHOWH PRIOR 10
IC(L _ INSTALLATION, REMOVE AF ILR CONCREIE HAS SET.
TEIX 2. NOIE DIRECTION OF ANCHOR: SEE DECAL. _
2 . ASSEMBLY NO. 9202010-0000
Ravialons o ) o e e e - REFERENCES ENERGY ABSORPTION SYSTEMS, INC.
1T 3 WAS 3708431-0000 {1 3/46] _[sA(e] A jous) Deown Mic 8 {1278 ENCINEERING AND RESEARCH DEPARTMENT
00 I Checkad a5 5 |1/
(RO 1104 6, WAS 7133431-0000 Appioved W b Xy, [11/13/09
;rxf::sm-:u SCRLW & WiT WASKN ac. 2L Podem [11/13/89 BRAKEMASTER
(1M 3 wAS 2704041-0100 N LAROR Tolerances:
o fﬁﬁ:‘.u : ANCHOR ASSY, EMBEDDED, BRS
{Unicss Otharwise Noled)
1T ] Molerdal
ST ey [ [ o -
91-00-03 e [c} 92-02-01 l J £

€ Jo 7z @3eg



NOTES:

1 TIGHTEN NUTS 1/2 TURN BEYOND SNUG
2 EXTRA HOLES IN ITEM 2 ARE FOR +50mm([2"] TOLERANCE.

3 DIMENSIONS ARE IN mm [inches]

WAL

06/16.00]

QRIS O\

PARTS LIST

1TEM S10CK NO DESCRIPTION REQ'D
1 9202025-0000 ANCHOR ADAPIER,BIS TO FOUND. TUBE 1 oo
2 9202026-0000 ANCHOR STRAP BRS ]

3 9202028- 0000 FOUNDATION TUBE,78,8RS

4 2701992-0000 BOLT.HX,5/8X106,G5,G

El 2704191-0000 NUTHX,5/8,G.RAIL

6 9202033-0000 ANCHOR PLUG, FOUNDATION TUBE

T0 ¢ a8wpa
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ASSEMBLY NG 9202024--0000
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ENERGY ABSORPTION SYSTEMS, INC.

ENGINEERING AND RESEARCH DEPARIMENT
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