December 24, 1998

Refer to: HNG-14

Mr. Darryl E. Durgin

Deputy Commissioner

Chief Engineer

Minnesota Department of Transportation
395 John Ireland Boulevard

Saint Paul, Minnesota 55155-1890

Dear Mr. Durgin:

In your November 5 letter to Mr. Henry Rentz, you requested the Federal Highway
Administration’s (FHWA) acceptance of the Eccentric Loader Terminal (ELT) as an National
Cooperative Highway Research Program (NCHRP) Report 350 Test Level 3 (TL-3) terminal for
W-beam guardrail. To support your request, you also sent copies of a Texas Transportation
Institute report, “Crash Testing and Evaluation of the Eccentric Loader Terminal (ELT),” by
Mak, Bligh, and Menges, dated October 1998.

Our review indicated that the ELT that was tested to the NCHRP Report 350 criteriais
essentially the same design asthe ELT that was developed and tested in the late 1980's under
NCHRP Report 230 criteria. The only changes made were the replacement of post number 7
(originally a standard line post) with a fifth wooden CRT post, and a 25 mm extension in the
offset distance (from 635 mm to 660 mm) at post number 2. The latter change is reflected in the
enclosed drawings (Enclosure 1), and we suggest that the drawings be updated to show clearly
the use of CRT posts at post locations 3 through 7.

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

We agreed prior to testing that the angle hits on the nose of the ELT (tests 3-32 and 3-33) and the
reverse direction test (3-39) could be waived as they have been with similarly flared terminal
designs. We also agreed that earlier tests run on the Report 230 ELT, RBCT-13

(test 3-30) and RBCT-19 (test 3-34), need not be repeated if they met the test parameters now
required in the NCHRP Report 350. The researchers reviewed the earlier tests and we concur in
their finding that both of these small car tests essentially conformed to the current NCHRP Report
350 tests and that neither test need be repeated.

The summary results of the new tests that were run, tests 3-31 and 3-35, are enclosed as
Enclosure 2.



Based on our review of the information you submitted, we find that the ELT, with the
modifications listed above, meets the acceptance criteriafor an NCHRP Report 350 Test Level 3
(TL-3) W-beam guardrail terminal and is acceptable for use on the National Highway System
(NHY) if requested by atransportation agency. However, since the pickup truck rode on the ralil
for approximately 45 m in the end-on test, each barrier installation terminated with an ELT should
have alength of need sufficiently long to prevent an impacting vehicle from reaching a shielded
fixed-object hazard that is directly behind the guardrail. This recommendation is also noted in the
research report. Because al of the line posts in the test installation were timber posts and the W-
beam was near its breaking point, the ELT should not be used with steel line posts without an
additional test. Because several of the line posts failed at the ground line as the truck dlid on top
of therail, the ELT and the guardrail installation it anchors should be installed in a strong soil, as
tested. We noted also that the ELT was installed and tested using straight sections of W-beam
rail that are forced against the posts resulting in some kinking of the rail elements. We believe this
kinking is beneficia in that it allows the rail to collapse more readily in an end-on hit.
Consequently, shop-curved sections should not be used without further testing.

Finally, we wish to emphasize the necessity and importance of the grading around the terminal
that is shown in your standard drawing. Aswith all gating terminals, impacting vehicles may
travel some distance behind and beyond the ELT in an end-on hit so this area needs to be clear of
hazards and relatively traversable. Y ou may also wish to revise your standard drawing to show
appropriate reflectorization on the nose of the ELT and, as noted above, to show that posts 3
through 7 are CRT posts and post 8 and all downstream posts must be standard timber line posts.

Sincerely yours,

(original signed by Dwight A. Horne)

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

2 Enclosures
Acceptance Letter CC-56
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Enclosure 1 (3 of 4)
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Enclosure 1 (4 of 4)
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o

General information impact Conditions Test Article Deflections (m)
TestAgency . ............ Texas Transportation Institute Speed (kmv/h) ... ... . .. . ... 99.7 Dynamic .. ....... ... .. .. 797
TestNo. ............. ... 473390-2 Angle(deg) . ... ... .. ... ... 0 Permanent .. ... . ... . . .. 7.60
Date ................. .. 09/09/98 Exit Conditions Vehicie Damage
Test Article Speed (km/h) . ... ... . Stopped Exterior
Type ................ ... Terminal Angle (deg) ... ... ... .. . . . N/A vbhS .. ... 12FC4
Name or Manutacturer . . . . . Minnesota ELT Occupant Risk Values CoC....... ... ... ... 12FDEW3
Instaliation Length (m) . . . .. 57.1 Impact Velocity (m/s) Maximum Exterior
Material or Key Elements ... 1.2 m Flared W-beam Guardrail on x-direction ... .. .. ... .. ... 53 Vehicle Crush (mm) . ... 380
Wooden Posts Spaced 1.9 m y-directon ... ... .. . _. 19 Interior
Soll Type and Condltion . ... Standard Soil, Dry THIV (km/h) .0 18.9 OoCDI ... .. ... FS0000000
Test Vehicle Ridedown Accelerations (g's) Max. Occ. Compart.
Type .. ........ .. ... ... Production x-direction ... .. .. ... . . .. . -4.0 Deformation (mm) . ... 0
Designation .......... ... 2000P y-direction ... .. ... .. ... . . -4.6 Post-impact Behavior
Model .............. .. .. 1994 Chevrolet 2500 pickup truck PHD(g's) ........... .. .. .. . 53 (during 1.0 s after impact)
Mass (kg) ASlL 0.73 Max. Yaw Angle (deg) ... .. -24
Cub ... ... ... ... ... 2084 Max. 0.050-s Average (g's) Max. Pitch Angle {deg) . . . ... -7
Testlnertial ........... 2000 x-direction . ... ... .. A Max. Roll Angle (deg) . .. ... 36
Dummy ........... ... No dummy y-direction ... .. . .. . . 3.0
Gross Static .. ....... .. 2000 z-direction .. . ... . .. .. . 3.2

Figure 18. Summary of results for test 473390-2, NCHRP Report 350 test 3-31.
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o General information impact Conditions Tesi Articie Deiieciions (m)
o) TestAgency ........... .. Texas Transportation institute Speed(km/) . ... ... ... ... 102.1 Dynamic . ............ .. .. 0.99
TestNo. ................ 473390-1 Angle (deg) ....... . ... ... ... 210 Permanent .. ... ... .. ... 0.64
Date ............... ... 09/07/98 Exit Conditions Vehicle Damage
Test Article Speed (km/m) . ... ... .. ... . .. 359 Exterior
Type .. ................. Terminal Angle(deg) ........ ... ...... 18.8 vDS ... 01RFQ4
Name .................. Minnesota ELT Occupant Risk Values CoC........ ... ... 01FREK2
Installation Length (m) .. . .. 57.1 Impact Velocity (m/s) &01RFEW3
Material or Key Elements . . . 1.2 m Flared W-beam guardrail on wooden x-direction . ....... ... ... .. 73 Maximum Exterior
posts spaced 1.9 m y-direction ... ... ... .. .... 45 Vehicle Crush (mm) . ... .. 440
Soil Type and Condition . . . . Standard Soil, Dry THIV (km/M)y .. 24.4 Interior
Test Vehicle Ridedown Accelerations (g's) ocDl ... RF0104000
Type ................ ... Production x-direction . ... .. ... ... .. . 97 Max. Occ. Compart.
Designation . ....... .. ... 2000P y-direction . ...... ... .. ... . -9.0 Deformation (mm) .. ... .. 62
Model ............... ... 1994 Chevrolet 2500 pickup truck PHD(g's) ................ ... 128 Post-Impact Behavior
Mass (kg) ASI 0.78 (during 1.0 s after impact)
Cub ................. 207 Max. 0.050-s Average (g's) Max. Yaw Angle (deg) ... ... -45
Test Inerttial . ... . ... . .. 2000 x-direction . ...... ... .. ... . -6.0 Max. Pitch Angle (deg) . . . . .. -5
Dummy ... ......... .. No dummy y-direction . ... ... ... .. ... 52 Max. Roll Angle (deg) . . . .. .. -6
Gross Static . ... ....... 2000 z-direction . ..... ... ... ... 7.5

Figure 10. Summary of results for test 473390-1, NCHRP Report 350 test 3-35.

(T30 7) 7 3ansopuy



