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1 INTRODUCTION 

1.1 Background 

From 1997 through 2000, the Midwest Roadside Safety Facility (MwRSF) developed a 

thrie beam bullnose gu ardrail system for sh ielding median hazards found between divided  

highways [1-3]. The new, non-prop rietary bullnose guardrail syst em was successfully full-scale 

crash tested and evaluated accordin g to the Test Level 3 (TL-3) safety perform ance evaluation 

criteria provided in National Cooperative Highway Research Program (NCHRP) Report No. 350 

[4]. 

Controlled release term inal (CRT) wood posts were used in the original bullnose 

guardrail system. Although the CRT posts adequate ly met the TL-3 safety requirem ents, these 

wood posts have several drawbacks. First, the properties and perform ance of wood posts are 

highly variable due to knots, ch ecks, and splits, thus requiring grading and inspection of posts. 

Second, two holes are drilled into the CRT pos ts that allow them to break away upon im pact. 

These holes expose the interior of the w ood to the environm ent, which can accelerate 

deterioration. Wood posts can also swell un der certain environm ental conditions, m aking 

removal of broken posts from the steel foundation tubes difficult. Further, chemical preservatives 

used to treat the wood posts have been iden tified as harmful to the environm ent by som e 

government agencies. Thus, the treated wood pos ts may require special consideration during 

disposal. Due to th ese concerns, a n eed existed for a breakaway steel p ost option for use in th e 

thrie beam bullnose guardrail system. 

Existing proprietary steel breakaw ay posts were investigated in th e Evaluation of an 

Existing Steel Post Alternative for the Thrie Beam Bullnose Guardrail System [5]. After several 

proprietary steel post designs were reviewed and tested, a Road Systems, Inc. (RSI) Hinged Steel 

Post was chosen as the best op tion for the bullnose system. Two full-scale tests were performed 
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on the bullnose system with the breakaway hinged steel posts, and both were unsuccessful due to 

the pickup truck overriding the system.  

After the two f ailed full-scale tests, the f ocus shifted to the deve lopment of a new 

Universal Breakaway Steel Post (UBSP) to re place the CRT wood posts  in the thrie beam 

bullnose system. While the prev iously-designed proprietary st eel breakaway posts had been 

successfully used for guardrail end terminals, the bullnose system appeared to be more sensitive 

to subtle differences between wooden and stee l breakaway posts. Thus, the design goal of the 

new, non-proprietary, UBSP was to m imic the strength and behavior of the wooden CRT post. 

The new post could also  provide a replacement option for the CRT wood post in a wide variety  

of roadside hardware systems. 

Following several rounds of bogie testing w ith CRT posts and a proposed UBSP, the 

bullnose system with the UBSP was full-scale crash tested according to test designation no. 3-38 

of NCHRP Report No. 350 at the Midwest Roadside  Safety Facility (MwRSF) [6]. In test no. 

USPBN-1, the performance of the UBSP bullnose median barrier was found to be unacceptable 

according to the NCHRP Report No. 350 criteri a due to  the pickup truck overriding th e 

guardrail. Two factors were believ ed to have contributed to this  behavior. First, the fracturing 

bolt posts did not absorb enough energy to safely capture and contain the vehicle. The posts  

rotated minimally in the soil and broke away quickly, which allowed th e pickup to penetrate 

further into the system. Second, the second post remained intact longer than its wood 

counterpart, causing the pickup truck to redirect more than what was observed in previous tests 

on the wood-post bullnose barrier.  

The UBSP bullnose m edian barrier system  was modified and tested according to test 

designation no. 3-38 of NCHRP Report No. 350 [7]. Modifications to the UBSP bullnose median 

barrier previously tested at MwRSF included changing th e second post on each  side of the 
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system from a UBSP to a BCT post, increasing  the diameter of the fracturing bo lts from ⅜ in. 

(9.5 mm) to 7/16 in. (11.1 mm), decreasing the bolt spacing from 1013/16 in. x 2½ in. (275 mm x 64 

mm) to 10 i n. x 2½ in. (254 mm  x 64 mm), and decreasing the embedment depth of the UBSP 

base from 45⅜ in. (1,153 mm) to 40 in. (1,016 mm). In test no. USPBN-2, the 2000P vehicle was 

adequately contained and no signi ficant occupant compartment deformation occurred. Thus, test 

no. USPBN-2 conducted on a bullnose m edian barrier was determ ined to be acceptab le 

according to the NCHRP Report No. 350 safety perf ormance criteria for test desig nation no. 3-

38. While test no. USPBN-2 demonstrated acceptable performance of the UBSP for test no. 3-38, 

two additional crash tests were required to fully evaluate the use of  the new post design in th e 

thrie beam bullnose barrier system. 

1.2 Objective 

The objective of the research project was to complete the full-scale test matrix required to 

evaluate the use of  the UBSP design in the thr ie beam bullnose sys tem. Three full-scale crash 

tests were required to evaluate the use of the UBSP, test designation nos. 3-30, 3-31, and 3-38. 

Because the UBSP had previously b een successfully tested under test designation no . 3-38, two 

additional TL-3 full-scale vehicle crash test (test designation nos. 3-30 and 3-31) were planned in 

order to demonstrate that  the UBSP, used in c ombination with the thrie beam  bullnose median 

barrier system, would meet the NCHRP Report No. 350 safety performance guidelines. 
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2 DESIGN DETAILS 

The test ins tallation was comprised of a bullnose m edian barrier sys tem which utilized  

universal breakaway steel posts , as shown in Figures 1 thr ough 23. Photographs of the test 

installation are shown in Figures 2 4 and 25. Ma terial specifications, mill certifications, and 

certificates of conformity for the system materials are shown in Appendix A. 

A one-half barrier sys tem was utilized f or the testing program in order to r educe costs 

and construction tim e. The bullnose system  was constructed with twenty-eight posts, with 

fourteen posts positioned on each side of the system. Each side of the system contained two BCT 

posts, six UBSP posts , four W 6x8.5 (W152x12.6) standard guardrail posts, and two BCT  

anchorage posts, respectively from  the nose of the system. The lower portion of the UBSP 

consists of a foundation tube with the lower base  plate. The upper portion of the UBSP consists 

of a post with the upper base pl ate. Although the goal of this st udy was to develop an all-steel 

system, previous testing dem onstrated that using BCT wood posts in the anchorage system  

allowed for improved performance and the effective capture of the pickup truck [5].  

All of the p osts were placed in  a compacted coarse, crushed limestone material meeting 

Grading B of AASHTO M 147-65 as found in NCHRP Report No. 350. The soil was com pacted 

in 2-ft (610-mm) diameter augured holes using 8- in. (203-mm) lifts. Also, the fracturing bolts in 

the breakaway posts were torqued to 60 to 75 ft-lbs (81.3 to 101.7 N-m) for the full-scale crash 

testing program. 
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FFigure 4. Post LLocations, Alternnate Coordinates, Test Nos. USSPBN-3 and USPPBN-4 
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FFigure 6. Post NNos. 1 and 2, Tesst Nos. USPBNN-3 and USPBN--4 
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FFigure 7. Post NNos. 3-12, Test NNos. USPBN-3 and USPBN-4
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FFigure 8. End RRail and Splice DDetails, Test Noss. USPBN-3 andd USPBN-4 
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FFigure 9. Anchoor Details, Test NNos. USPBN-3 and USPBN-4
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FFigure 10. UBSP Post Details, TTest Nos. USPBBN-3 and USPBBN-4 
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FFigure 11. Uppeer and Lower Poost Assembly, TTest Nos. USPBNN-3 and USPBNN-4 
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FFigure 12. UBSP Component DDetails, Test Noss. USPBN-3 andd USPBN-4 
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FFigure 13. W6x9 Post and Blocckout Details, Teest Nos. USPBNN-3 and USPBNN-4 
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FFigure 14. BCT Timber Posts aand Foundation TTubes, Test Noss. USPBN-3 andd USPBN-4 
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FFigure 15. BCT Anchor Cable, Test Nos. USPBBN-3 and USPBBN-4 
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FFigure 16. Nosee Cable, Test Noos. USPBN-3 annd USPBN-4 
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FFigure 17. BCT Anchorage, Test Nos. USPBNN-3 and USPBN--4 
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FFigure 18. Rail Section No. 1, TTest Nos. USPBBN-3 and USPBNN-4 
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FFigure 19. Rail Section No. 2, TTest Nos. USPBBN-3 and USPBNN-4 
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FFigure 20. Rail Section Nos. 3 aand 4, Test Nos. USPBN-3 andd USPBN-4 
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FFigure 21. Rail Section No. 5, TTest Nos. USPBBN-3 and USPBNN-4 
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FFigure 22. Bill oof Materials, Test Nos. USPBNN-3 and USPBN--4 
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UBSP-3 Bullnose 

Item No. QTY. Description Material Specification Hardware Guide 

a 1 2 96" [2438] Foundation Tube ASTM A500 Grade B PTE07 

a2 6 72 " [ 1829] Foundation Tube ASTM A500 Grade B PTE06 

a3 6 8 x 8 x 5/8" [203 x 203 x 15.9] Anchor Bearing Plate ASTM A36 FP BO 1 

a4 12 13 x 7 x 1/2" [330 x 178 x 13] Lower Shear Plate ASTM A36 -

a5 12 13 x 5 1/2 x 3/4" [330 x 140 x 19] Upper Shear Plate ASTM A36 -

a6 12 6 x 8 x 3/16" [ 152 x 203 x 5] x 40" [1 016] Foundation Tube ASTM A500 Grade B -

a7 20 6 x 8 x 14 1/4" [152 x 203 x362] Blockaut SYP Grade No.1 or better PDB09 

a8 12 ~~;~trut~~152 x 12.6J x 31 1/4 L794J ~W6x9 LW 152 x 13.4J can be ASTM A36 (ASTM A992) _ 

a9 6 6 x 8 x 14 1/4" [152 x 203 x 362] Tapered Blockout - Side A SYP Grade No.1 or better tj I OCKOU~o~~~ unset 

010 6 6 x 8 x 14 1/4" [152 x 203 x 362J Tapered Blockout - Side B SYP Grade No.1 or better l:j , ocKou~oi~~n unset 

a 11 2 6 x 8 x 14 1/4" [152 x 203 x 362] Tapered Blackout - Post 2 SYP Grade No.1 or better PDB12 

b1 4 12'-6" [381 0] Thrie Beam Section No. 4 12 gauge AASHTO M180 RTM02a 

b2 1 Bent 12'-6" [38 10] Thrie Beam Section No. 1 - Ra dius 62 3/16" [1580] 12 gauge AASHTO M180 RTM07a 

b3 2 12'-6" [3810] Thrie Beam Section No. 3 with Extra Slots 12 gauge AASHTO M180 RTM07e 

b4 1 12' -6" [3810] Thrie Beam End Section No. 5 - Side A 12 gauge AASHTO M 180 -

b5 1 12' -6" [3810] Thrie Beam End Section No. 5 - Side B 12 gauge AASHTO M 180 -

b6 1 ~ent 12 6 , ~381UJ Thrie Beam Section No. 2 Radius 4U9 7/16 12 gauge AASHTO M180 RTM07d L 10400] - S,a e A 

b7 1 l ~foloM ..::.6 · Si~~8kOJ Thrie Beam Section No.2 Radius 409 7/16 12 gauge AASHTO M180 RTM07d 

c1 48 If~r~~de~'r Ll 1.1J UN\.,; · 14 x Z liZ Lt>4J long Hex l ap tlalt s ~~ully SAE Grade 5/ASTM A325 _ 

c2 8 5/8" [ 15.9) Dia . x 10" [254] long Hex Head Bolt Grade A307 FBX16a 

c3 120 5/8" Dia . [15.9] x 1 1/2" [ 38] long Guardrail Bolt and Nut ASTM A307 FBB0 1 

c4 48 5/8" Dia. [1 5.9] x 1 1/2" [38] long Hex Head Bolt ASTM A307 FBX16a 

c5 14 5/8" Dia. [1 5.9] x 18" [457] long Guardra il Bolt and Nut ASTM A307 FBB04 

c6 8 7/8" [22.2) Dia. x 7 1/2" [ 191 ] long Hex Head Bolt ond Nut Grade A307 FBX22a 

c7 20 5/8" Dia . [ 15.9] x 10" [254] long Guardrail Bo!t and Nut ASTM A307 FBB03 

c8 34 16D Double Head Nail --

~ 
~nlversal .!3reak!Jway SHEET, 

..-=--= 8 Steel Post for Thrie 21 of 22 

.i?~gp- Beam Bullnose Median f-1.-lJ. .. _....... U"'£ rr- Barrier System DATE, 

[Test No. USPBN-3] 7/ 26/2010 

Bill of Materials 10RAWN BY, 

Midwest Roadside MJN 

Safety Facility DWC NAME I SCALE, Non. REV. BY, 

USPBN-J Bulinose_RO UNITS: Irr:~~ RWB 

UBSP-3 Bullnose 

Item No. QTY. Description Material Specification Hardware Guide 

al 2 96" [2438] Foundation Tube ASTM A500 Grade B PTE07 

a2 6 72" [1829] Foundation Tube ASTM A500 Grade B PTE06 

a3 6 8 x 8 x 5/8" [203 x 203 x 15.9] Anchor Bearing Plate ASTM A36 FPBOl 

a4 12 13 x 7 x 1/2" [ 330 x 178 x 13] Lower Shear Plate ASTM A36 -
a5 12 13 x 5 1/2 x 3/4" [330 x 140 x 19] Upper Shear Plate ASTM A36 -

a6 12 6 x 8 x 3/16" [ 152 x 203 x 5] x 40" [1016] Foundation Tube ASTM A500 Grade B -

a7 20 6 x 8 x 14 1/4" [152 x 203 x362] Blockaut SYP Grade No.1 or better PDB09 

a8 12 W6x8.5 .l~152 x 12.6 J x 31 1/4 L794J ~W6x9 LW 152 x 13.4J can be ASTM A36 (ASTM A992) -substituted 
a9 6 6 x 8 x 14 1/4" [152 x 203 x 362] Tapered Blockout - Side A SYP Grade No.1 or better tj I OCKOU~;r~~ unset 

010 6 6 x 8 x 14 1 /A" ru,') x 203 x .. ",,1 T,.. .... ... ... .,.~ B!ockout - Side B Syp Grade No.1 or better tj lOCKout, Wltn unset 
'/ ~ L I"JL oJv.r:..J . ......... CIt;;;V Holes 

all 2 6 x 8 x 14 1/4" [152 x 203 x 362] Tapered Blockout - Post 2 SYP Grade No.1 ar better PDB12 

bl 4 12' - 6" [3810] Thrie Beam Section No. 4 12 gauge AASHTO M180 RTM02a 

b2 1 Bent 12'-6" [3810] Thrie Beam Section No. 1 - Radius 62 3/16" [ 1580] 12 gauge AASHTO M180 RTM07a 

b3 2 12' - 6" [3810] Thrie Beam Section No. 3 with Extra Slats 12 gauge AASHTO M1 80 RTM07e 

b4 1 12'-6" [3810] Thrie Beam End Section No. 5 - Side A 12 gauge AASHTO M180 -

b5 1 12' -6" [3810] Thrie Beam End Section No. 5 - Side B 12 gauge AASHTO M180 -

b6 1 ~!lnt 1 t -0 ,~381 U J Thrie Beam ::iectian No. 2 r<adius 409 1/16 12 gauge AASHTO M180 RTM07d 10400 - Sia e A 

b7 1 ~!l ~! l~-6' ,l381...0J Thrie Beam Section No.2 Rad ius 409 7/16 12 gauge AASHTO M180 RTM07d 10400] - Siae B 

cl 48 ~~, 1 b ~'r L11. 1J U N\,; · 14 x "1. 1/"1. Lb4J long Hex lap tlolts ~~ully 
T readed SAE Grade 5/ASTM A325 -

c2 8 5/8" [15.9] Dia. x 10" [254] long Hex Head Bolt Grade A307 FBX16a 

c3 120 5/8" Dia. [15 .9] x 1 1/2" [38] long Guardrail Bolt and Nut ASTM A307 FBBO l 

c4 48 5/8" Dia. [15.9] x 1 1/2" [38] long Hex Head Bolt ASTM A307 FBX16a 

c5 14 5/8" Dia. [15.9] x 18" [ 457] long Guardra il Bolt and Nut ASTM A307 FBB04 

c6 8 7/8" [22.2] Dia. x 7 1/2" [191 ] long Hex Head Bolt and Nut Grade A307 FBX22a 

c7 20 5/8" Dia . [ 15.9] x 10" [254] long Guardrail Bo!t and Nut ASTM A307 FBB03 

c8 34 160 Double Head Na il - -

~ 
l}n lversa l .B rea k~way SHEET: 

St eel Post fo r Thrie 2 1 of 22 

Beam Bullnose Median 
Ba rrier Syst em DAl E: 

[Test No. USPBN-3] 7/ 26/ 20 10 

Bill of Materials 
DRAWN BY: 

Midwest Roadside MJH 

Safety Facility owc. NAME. I SCALE, None REV. BY, 
USPBN-J Bulinoge_RO UNITS: I rmh~, RWB 
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FFigure 23. Bill oof Materials, Test Nos. USPBNN-3 and USPBN--4 
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UBSP-3 Bullnose 

Item No. OTY. Description Material Specification Hardware Guide 

d1 48 7/16" Dia. [11 .1 ] Hex Nut ASTM A563DH Galvanized -

d2 12 1" Dia . [25.4] Hex Nut ASTM A563DH -

e1 192 7/16" Dio. [11.1] Flat Washer ASTM F436 Gr. 1 Galvanized -

e2 118 5/8" [15.9] Dio . Flat Washer Grade A307 FWC160 

e3 16 7/8" [22.2] Dia. Flat Washer Grade A307 FWC220 

e4 12 1" Dia . [25.4] Flat Washer ASTM F436 Gr. 1 FWC24a 

f1 8 BCT Thrie Post SYP Gr~~eha~~.:, ~r~~.n~e~~~: ~~~ ~nnot;~n2:~: ~~~~~ above PDF04 
~, ..., ..... ,....... ':::t' .......... , ,.... ,It I ........ , , .......... , .............. , ..... , I , ............ / 

f2 8 W6x8.5 [W152x12.6] x 78" [1981] long (W6x9 [W152 x 13.4] 
can be substituted) ASTM A36 (ASTM A992) -

g1 6 BCT Cable 6'-6" [1981] Long 6x19 or 6x25 Cable IWRC IPS FCA01 

g2 6 2 3/8" [60] 0.0. x 6" [152] long BeT Post Sleeve ASTM A53 Grade B Schedule 40 FMM02 

Bullnose Nose Cable 5/8" Dia. [15.9] x 14.4' [4389] Long 
"Cold Tuff" Button, S-409 Size No. 12 SB 2 7/8" [73] 

g3 2 Stock No. 1040395 for 5/8" [16] Dia. (6x25) wire rope -
(or any similarly sized swage-grip button ferrules) 

g4 4 Nose Cable Anchor Plates 12 5/8" [321] x 5 13/16" [148] ASTM A36 -

g5 6 1/4" Dia . [6.4] U-Bolt Plate Washer Zinc Coated or Galvanized ASTM A307 -

g6 6 1/4" Dia . [6.4] U-Bolt Zinc Coated or Galvanized ASTM A307 -

g7 12 1/4" Dia . [6.4] Hex Nut Zinc Coated or Galvanized ASTM A307 -

h1 12 UBSP Post - Top Assembly - -

h2 12 UBSP Post - Bottom Assembly - -

h3 2 Strut and Yoke Assembly ASTM A36 Galvanized -

h4 6 Anchor Bracket Assembly ASTM A36 FPA01 

J".ar 
Universal Breakaway SHEET: 

Steel Post for Thrie 22 of 22 

Beam Bullnose Median f---

~~arr!e~ , SY~~~Q1~., 
Qo\TE: 

~, 7/26/2010 ..... Llest NO. U;:,t-'I:jN-.)J 

Bill Of Materials 
IDRAWN BY: 

Midwest Roadside """' 
Safety Facility DWG. NAME. SCALE; None REV. BY: 

USPBN-3 BulinoseJ«) 
UNITS, 'r..~j RWB 

UBSP-3 Bull nose 

Item No. OTY. Description Material Specification Hardware Guide 

d1 48 7/16" Dia. [ 11 .1] Hex Nut ASTM A563DH Galvanized -

d2 12 1" Dia. [25.4] Hex Nut ASTM A563DH -

e 1 192 7/ 16" Dio. [ 11.1] Flat Washer ASTM F43 6 Gr. 1 Galvanized -

e2 118 5/8" [ 15 .9] Dia. Flat Washer Grade A307 FWC16a 

e3 16 7/8" [ 22.2] Dia. Flat Washer Grade A307 FWC22a 

e4 12 1" Dia. [ 25.4] Flat Washer ASTM F43 6 Gr. 1 FWC24a 

f1 8 BCT Thrie Post SYP Grade No. ~r~~,n~e~~~: ~~~ ~nnot;~n2;~': ~~~~~ above PDF04 or below ':::t ' ..... ... " .... " ".... .... .. ..... ..... .. ~'-""" '-" " , ............. J 

f 2 8 W6x8 .5 [W152x 12.6] 
can be substituted) 

x 78" [ 198 1] long (W6x9 [W152 x 13.4] ASTM A36 (ASTM A992 ) -

g1 6 BCT Ca ble 6' _ 6" [198 1] Long 6x19 or 6x25 Ca ble IWRC IPS FCA0 1 

g2 6 2 3/8" [60] O.D. x 6" [ 152] long BCT Post Sleeve ASTM A53 Grade B Schedule 40 FMM02 

Bullnose Nose Cable 5/8" Dia. [ 15 .9] x 14.4' [4389] 
"Cold Tuff" Button, S-409 Size No. 12 SB 2 7/ 8" [73] 

g3 2 Long Stock No. 1040395 for 5/8" [ 16] Dia. ( 6x25) wire rope -
(or any similarly sized swage-grip button ferru les) 

g4 4 Nose Ca ble Anchor Plates 12 5/8 " [321] x 5 13/ 16" [ 148] ASTM A36 -

g5 6 1/ 4 " Dia . [ 6.4] U-Bolt Plate Washer Zinc Coated or Ga lvanized ASTM A307 -

g6 6 1/4" Dia . [6.4] U-Bolt Zinc Coated or Galvanized ASTM A307 -

g7 12 1/ 4 " Dia. [6.4] Hex Nut Zinc Coated or Galvanized ASTM A307 -

h1 12 UBSP Post - Top Assem bly - -

h2 12 UBSP Post - Bottom Assem bly - -

h3 2 Strut and Yoke Assembly ASTM A36 Galvanized -

h4 6 Anchor Bracket Assem bly ASTM A36 FPA01 

~ 
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3 TEST REQUIREMENTS AND EVALUATION CRITERIA 

3.1 Test Requirements 

Terminals and crash cu shions, such as bull nose median barriers, m ust satisfy impact 

safety standards in order to be accepted by the Federal Highway Administration (FHWA) for use 

on National Highway System  (NHS) new constructi on projects or as a replacem ent for existing 

designs not meeting current safety stand ards. In recent years, these safety stan dards have 

consisted of the guidelines and procedures published in N CHRP Report No. 350 [4]. Fro m 

previous testing [3], the bullnos e median barrier was defined as a non-gating barrier, and thus, 

must fulfill the requirements for a no n-gating device. A non-gating device is designed to contain 

and either redirect or capture a veh icle when impacted downstream from the end of the device. 

According to Test Level 3 (TL-3) of NCHR P Report No. 350, non-gating term inals and crash 

cushions must be subjected to eight full-scale ve hicle crash tests. The eight full-scale crash tests  

are as follows: 

1. Test Designation 3-30 consisting of a 1,808- lb (820-kg) passenger car impacting the 
system at a nom inal speed and angle of 62 m ph (100 km /h) and 0 degrees, 
respectively, on the tip of the barrier nose with a ¼-point offset. 

 
2. Test Designation 3-31 consisting of a 4,409-lb (2,000-kg) pickup truck impacting the 

system at a nom inal speed and angle of 62 m ph (100 km /h) and 0 degrees, 
respectively, on the tip of the barrier nose. 
 

3. Test Designation 3-32 consisting of a 1,808- lb (820-kg) passenger car impacting the 
system at a nom inal speed and angle of 62 m ph (100 km /h) and 15 degrees, 
respectively, on the tip of the barrier nose. 
 

4. Test Designation 3-33 consisting of a 4,409-lb (2,000-kg) pickup truck impacting the 
system at a nom inal speed and angle of 62 m ph (100 km /h) and 15 degrees, 
respectively, on the tip of the barrier nose. 
 

5. Test Designation 3-36 consisting of a 1,808- lb (820-kg) passenger car impacting the 
system at a nom inal speed and angle of 62 m ph (100 km /h) and 15 degrees, 
respectively, at the beginning of the LON (Length-of-Need). 
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6. Test Designation 3-37 consisting of a 4,409-lb (2,000-kg) pickup truck impacting the 
system at a nom inal speed and angle of 62 m ph (100 km /h) and 20 degrees, 
respectively, at the beginning of the LON. 
 

7. Test Designation 3-38 consisting of a 4,409-lb (2,000-kg) pickup truck impacting the 
system at a nom inal speed and angle of 62 mph (100 km/h) and 20 degrees at the 
Critical Impact Point (CIP), respectively. 
 

8. Test Designation 3-39 consisting of a 4,409-lb (2,000-kg) pickup truck impacting the 
system at a nom inal speed and angle of 62 m ph (100 km /h) and 20 degrees, 
respectively, in a reverse direction at one half the distance to the LON from the end of 
the terminal. 

 
The test conditions of TL-3 longitudinal barriers are summarized in Table 1. The Critical Impact 

Point (CIP) m entioned above is defined fo r non-gating term inals as the point along the 

installation where it is unknown wh ether the guardrail will capture the im pacting vehicle or  

redirect it. 

Table 1. NCHRP Report No. 350 TL-3 Crash Test Conditions 

Test 
Article 

Test 
Designation 

Test 
Vehicle 

Impact Conditions 
Evaluation 
Criteria 1 Speed Angle 

(deg) mph km/h 

Non-gating 
Terminals and 

Crash 
Cushions 

3-30 820C 62 100 0 C,D,F,H,I,K,N 

3-31 2000P 62 100 0 C,D,F,H,I,K,N 
3-32 820C 62 100 15 C,D,F,H,I,K,N 
3-33 2000P 62 100 15 C,D,F,H,I,K,N 
3-36 820C 62 100 15 A,D,F,H,I,K,M 
3-37 2000P 62 100 20 A,D,F,K,L,M 
3-38 2000P 62 100 20 A,D,F,K,L,M 
3-39 2000P 62 100 20 C,D,F,K,L,M,N 

1 Evaluation criteria explained in Table 2. 
 

Previous testing of the bullnos e guardrail system successfully passed all of the required 

tests on the wood-post, thrie beam  bullnose system [1-3]. Based on the success of the previou s 

testing, it was believed that the tests required f or this project were those that would be affected 
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by the change from  the wood CRT posts to the steel fracturing bo lt posts. Researchers 

determined that three full-scale crash tests would be required to verify that the UBSP provides 

acceptable safety performance when used in the bullnose median barrier system. The three tes ts 

are as follows: 

Test Designation 3-38 (2000P at CIP); 

Test Designation 3-30 (820C end-on, with ¼-point offset); and  

Test Designation 3-31 (2000P end-on to evaluate penetration distance). 

The bullnose median barrier system was successfully tested with UBSP posts according  

to test designation no. 3-38 as detailed in a previous research report [7]. 

3.2 Evaluation Criteria 

Evaluation criteria for full-s cale vehicle crash testing are based on three appraisal areas: 

(1) structural adequacy; (2) occupan t risk; and (3) vehicle trajectory after collision. Criteria for 

structural adequacy are intended to evaluate the ability of the bullnose median barrier to contain 

and redirect impacting vehicles. Occupant risk evaluates the degree of hazard to occupants in the 

impacting vehicle. Vehicle trajecto ry after col lision is a measure of th e potential for the post-

impact trajectory of the vehicle to result in se condary collisions with other vehicles or fixed 

objects, thereby increasing the risk of injury to the occupant of the impacting vehicle and to other 

vehicles. These evaluation criteria are summ arized in T able 2 and defined in greater detail in 

NCHRP Report No. 350. The ful l-scale vehicle crash test was conduc ted and reported in 

accordance with the procedures provided in NCHRP Report No. 350. 

In addition to the stand ard occupant risk measures, the Post-Impact Head Decelera tion 

(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI) 

were determined and reported on the test summary sheet.  
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Table 2. NCHRP Report No. 350 Evaluation Criteria for Terminals and Crash Cushions 

Structural 
Adequacy 

A. Test article should contain and redirect the vehi cle; the vehicle  
should not penetrate, underride, or  override the installation although 
controlled lateral deflection of the test article is acceptable. 

C. Acceptable test article performance m ay be by r edirection, 
controlled penetration, or controlled stopping of the vehicle. 

Occupant 
Risk 

D. Detached elements, fragments or other deb ris from the test article 
should not penetrate or show poten tial for penetrating the occupant 
compartment, or present an undue hazard  to other traffic, 
pedestrians, or personnel in a work zone. Defor mations of, or 
intrusions into, the occupant com partment that could cause serious  
injuries should not be p ermitted. See discussion in Section  5.3 and 
Appendix E of NCHRP Report No. 350. 

F. The vehicle should rem ain upright during and after collision 
although moderate roll, pitching and yawing are acceptable. 

H. Occupant Impact Velocities (OIV) (see Appendix A, Section A5.3 of 
NCHRP Report No. 350 for calculation procedure) should satisfy the 
following: 

 Occupant Impact Velocity Limits 
Component Preferred Maximum 

Longitudinal and Lateral 29.5 ft/s 
(9 m/s) 

39.4 ft/s 
(12 m/s) 

I. The Occupant Ridedown Acceler ations (ORA) (see Appendix A, 
Section A5.3 of NCHRP Report N o. 350 for calculation procedure) 
should satisfy the following: 

 Occupant Ridedown Acceleration Limits  
Component Preferred Maximum 

Longitudinal and Lateral 15 g’s 20 g’s 

Vehicle 
Trajectory 

K. After collision it is preferable that the vehicle’s trajectory not intrude 
into adjacent traffic lanes. 

L. The occupant impact velocity in the longitudinal direction should not 
exceed 39.4 ft/s (12 m/s) and the occupant ridedown acceleration in 
longitudinal direction should not exceed 20 g’s. 

M. The exit angle from the test article  preferably should be less than 60 
percent of the test im pact angle, measured at time of vehicle loss of 
contact with test device. 

N. Vehicle trajectory behind the test article is acceptable. 
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4 TEST CONDITIONS 

4.1 Test Facility 

The testing facility is located at the Lincoln Air Park on the northwest side of the Lincoln 

Municipal Airport and is appr oximately 5 miles (8.0 km ) northwest of the University of 

Nebraska-Lincoln. 

4.2 Vehicle Tow and Guidance System 

A reverse cable tow sys tem with a 1 :2 mechanical advantage was used to propel the test 

vehicles. The distance traveled and the speed of  the tow vehicle were one-half that of the tes t 

vehicle. The test vehicle was released from the tow cable before i mpact with the barrier sys tem. 

A digital speedometer on the tow vehicle increased the accuracy of the test vehicle impact speed. 

A vehicle guidance system developed by Hinch [8 ] was used to steer th e test vehicles. A 

guide-flag, attached to the lef t-front wheel and the guide cable, was sheared off before im pact 

with the barrier sys tem. The ⅜-in. (9.5-mm) diameter guide cable was tensioned to 

approximately 3,500 lb (15.6 kN) and supported both la terally and vertically every 100 ft (30.48 

m) by hinged stanchions. The hinged stanchions stood upright while holding up the guide cable, 

but as the vehicle was towed down the line, the guide-flag struck and knocked each stanchion to 

the ground. 

4.3 Test Vehicles 

For test no. USPBN-3, a 2000 Suzu ki Swift passenger car was us ed as the test vehicle. 

The curb, test inertial, and gross static vehicle weights were 1,857 lb (842 kg), 1,854 lb (841 kg), 

and 2,024 lb (918 kg), respectively. The test ve hicle is shown in Figure 26, and vehicle 

dimensions are shown in Figure 27. 

 



Figure 266. Test Vehicle, Test Noo. USPBN-3
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Figure 277. Vehicle DDimensions, TTest No. US
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[late: __ -'9-'-"1"'3-"2"'0.:..10'--__ Test urnber: _--=U-,P.:..B::;N:....-..:..3 __ Model: __ --'8=-20:..;C::./.:..\"-~I;o.Il=___ __ 

lake: __ ---"'-=uz::;.::.k1=--__ Vehlde I.D.#: ___ 2=2;,:.;AB=2.::,;lH:;:,5:::.;Y:..,;66:..:..:.00:..:98c.::..;...1 __ _ 

T ire Ize: __ P_I_5_5i80_ R_ l_3 __ Ye,)r: 2000 ------ Odometcl': 116825 ---------

*(AI/Measurements Refer to Impading ide) 

Vehicle Geometry - In. (mm) 

0 61.25 (1556) b 55.15 (1416) 

,r L-' ~\.J.../.~ 

$ - V];ide n t 

II e=7CL>.~ 

c 149.5 (37972 d 24.25 (610 

e 93 ~23622 f 32.25 (819) 

g 21.5 (S40 h 33.67 (855) 

8.25 ~10~ 21 (533) 

k 12.25 Qll~ 26.5 (673) 

m 54.5 ~1384~ n 53.25 (1353) 

0 22 ~559~ P 4.5 (114) 

q 22.5 ~512} r 14.25 (362} 

s 12.75 (324~ 61.5 (1562) 

o 
Wheel Center Height Front 10.25 (260) 

Wheel Center Height Rear 10.625 (27O} 

Wheel Well leamnce (FR) 25 (635) 

Wheel Well le,lrance (RR) 25.15 (654) 

Engine Type 4 cyl. 

Engine Ize \.3 

TmnsrnJ slon Type: 

Automatic 
Weights 
Ib (kg) Curb Test Inertial Gross Static FWD 

\V-front lt97 ~543~ 1\84 ~537~ 1269 (51~ 

\V-rear 660 ~299~ 671 (304) 7SS (342) 

W-tota l 1857 ~S42) 1854 ~S4I~ 2024 ~918) 

ote any damage prior to test: ..:..:..:::o::;ne:...... ____________________________ _ 
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For test no. USPBN-4, a 2000 GMC C2500 pickup truck was used as the test vehicle. 

The curb, test inertial, and gr oss static vehicle weights were 4,581 lb (2,078 kg), 4,429 lb (2,009 

kg), and 4,429 lb (2,009 kg), respectively. The test  vehicle is shown in Figure 28, and vehicle 

dimensions are shown in Figure 29. 

The longitudinal com ponent of the center of  gravity (c.g.) was determ ined using the 

measured axle weights. The location of the final c.g. is shown in Figures 27 and 30 for test no. 

USPBN-3. The location of the final c.g. is show in Figures 29 and 31 for test no. USPBN-4. Data 

used to calculate the location of the c.g. and ballast information are shown in Appendix B. 

Square, black- and white-checkered targets we re placed on the vehicles to aid in the 

analysis of the high-speed videos, as shown in  Figure 30. Round, checkered targets were placed 

on the center of gravity on the le ft-side door, the right-s ide door, and the roof  of the vehicles. 

The remaining targets were located for references so that they could be viewed from the high-

speed cameras for video analysis. 

The front wheels of the test vehicles were aligned for camber, caster, and toe-in values of 

zero so that the vehicles would track prope rly along the guide cable . A 5B flash bulb was 

mounted at the center of the vehicles’ dashes a nd was fired by a pressure tape switch mounted at 

the impact corner of the bumper. The flash bulb was fired upon initial impact with the test article 

to create a visual ind icator of the precis e time of i mpact on the high-speed videos. A re mote 

controlled brake system was installed in the test vehicles so the ve hicles could be brought safely 

to a stop after the tests. 



Figure 28

 

8. Test Vehicle, Test Noo. USPBN-4
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Figure 29

 

9. Vehicle DDimensions, TTest No. US
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Figure 300. Target Geeometry, Tesst No. USPB
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B 16.5 

C 30.625 

D 28.625 
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Side View 

t-- f e -------4-1 

(1083) 

(419) 

(778) 

(727) 

TEST #: USPBN-3 
TARGET GEOMETRY-- in. (mm) 

E 116.25 (2953) I 30 (762) ----...:.....--=----

F 33.25 (845) J 30.625 (778) 

G 28.625 (727) 

H 21.5 (546) 



Figure 311. Target Geeometry, Tesst No. USPB
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TEST #: USPBN-4 
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B 89.25 (2267) F 38 (965) J 42 (1067) 

C 48 (1219) G 54.25 (1378) K 26.25 (667) 

D 84.75 (2153) H 77.25 (1962) 
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4.4 Simulated Occupant 

 For test no USPBN-3, A Hybrid II 50 th Percentile Adult Male  Dummy, equipped with 

clothing and footwear, was placed  in the left-front seat o f the te st vehicle with the s eat belt 

fastened. The dummy, which had a final weight of 166 lb (75 kg), was represented by model no. 

572, serial no. 451, and was m anufactured by A ndroid Systems of Carson, California. As  

recommended by MASH, the dummy was not included in calculating the c.g location. 

4.5 Data Acquisition Systems 

4.5.1 Accelerometers 

Two environmental shock and vibration sensor /recorder systems were used to m easure 

the accelerations in the longitud inal, lateral, and  vertical d irections. Both accelerom eters were 

mounted near the center of gravity of the test vehicles.  

One accelerometer system was a two-arm  piezoresistive accelerometer system 

manufactured by Endevco of San Juan Capistrano, California. Three accelerometers were used to 

measure each of the longitudin al, lateral, and v ertical accelerations ind ependently at a sam ple 

rate of 10,000 Hz. Two additional accelerom eters were used to measure longitudinal and lateral 

accelerations independently at the s ame sample rate. The accelerom eters were con figured and 

controlled using a system  developed and m anufactured by Diversified Technical S ystems, Inc. 

(DTS) of Seal Beach, California. More specifically, data was collected using a DTS Sensor Input 

Module (SIM), Model TDAS3-SIM-16M. The SIM was configured with 16 MB SRAM memory 

and 8 sensor input channels with 250 kB SRAM/channel. The SIM was m ounted on a TDAS3-

R4 module rack. The module rack was configured  with isolated power /event/communications, 

10BaseT Ethernet and RS232 communication, and an internal backup battery. Both the SIM and 

module rack were crashworthy. The “DTS TDAS Control” com puter software program  and a 

customized Microsoft Excel worksheet were used to analyze and plot the accelerometer data. 
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The second system , Model EDR-3, was a tria xial piezoresistive accelerometer system 

manufactured by IST of Oke mos, Michigan. The EDR-3 was configured with 256 kB of RAM  

memory, a r ange of ±200 g’s, a sa mple rate of 3,200 Hz, a nd a 1,120 Hz low-pass filter. Th e 

“DynaMax 1 (DM-1)” computer software program and a customized Microsoft Excel worksheet 

were used to analyzed and plot the accelerometer data. 

4.5.2 Rate Transducers 

An angle rate sensor, the ARS-1500, with a range of 1,500 degrees/sec in each of the 

three directions (roll, pitch, and yaw) was used to measure the rates of rotation of  the tes t 

vehicles. The angular rate sensor was mounted on an aluminum block inside the test vehicle near 

the center of gravity and recorded data at 10,0 00 Hz to the SIM. The raw data measurem ents 

were then downloaded, converted to the proper Eu ler angles for analysis, and plotted. The “DTS 

TDAS Control” computer software program and a customized Microsoft Excel worksheet were 

used to analyze and plot the angular rate sensor data. 

An additional angle rate sensor, an Analog Systems 3-axis rate transducer with a range of 

1,200 degrees/sec in each of the three directions (roll, pitch, and yaw), was used to m easure the 

rates of m otion of the test vehicles. The rate  transducer was m ounted inside the body of the 

EDR-4 6DOF-500/1200 and recorded data at 10,000 Hz to a second data acquisition board inside 

the EDR-4 6DOF-500/1200 housing. The raw data measurements were then downloaded, 

converted to the appropriate Euler angles for analysis, and plotted. The “EDR4COM” and 

“DynaMax Suite” computer softw are programs and a cus tomized Microsoft Excel worksheet  

were used to analyze and plot the angular rate transducer data. 

4.5.3 Pressure Tape Switches 

For test nos . USPBN-3 and USPBN-4, five pres sure-activated tape switches, spaced at 

approximately 6.56 ft (2 m ) intervals, were used to determine the speed of the vehicles before 
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impact. Each tape switch fired a strobe light w hich sent an electronic tim ing signal to the data 

acquisition system as the right-fr ont tire of the test vehicle passe d over it. Test vehicle speeds  

were determined from electr onic timing mark data recorded  using TestPoint and LabVIEW 

computer software program s. Strobe lights and high-speed video analysis are used only as a  

backup in the event that vehicle speed cannot be determined from the electronic data. 

4.5.4 Digital Cameras 

Two AOS VITcam  high-speed digital vide o cameras, three AOS X-PRI high-speed 

digital video cam eras, four JVC di gital video cameras, and two Canon digital video cam eras 

were utilized to film  test no. USPBN-3. Ca mera details, cam era operating speeds, lens 

information, and a schematic of the camera locations relative to the system  are shown in Figure 

32. 

Two AOS VITcam  high-speed digital vide o cameras, three AOS X-PRI high-s peed 

digital video cam eras, four JVC di gital video cameras, and two Canon digital video cam eras 

were utilized to film  test no. USPBN-4. Ca mera details, cam era operating speeds, lens 

information, and a schematic of the camera locations relative to the system  are shown in Figure 

33. 

The high-speed videos were analyzed us ing ImageExpress MotionPlus and RedLake  

MotionScope software program s. Actual came ra speed and cam era divergence factors were 

considered in the analysis of the high-speed videos. Also, a Nikon D50 digital still camera was 

used to document pre- and post-test conditions for the tests. 
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5 FULL-SCALE CRASH TEST NO. USPBN-3  

5.1 Test No. USPBN-3 

The 2,024-lb (918-kg) passenger ca r with a sim ulated occupant in the driver’s seat 

impacted the bullnose m edian barrier at a speed of 63.3 mph (101.9 km /h) and at an angle of 0 

degrees. A summary of the test results and se quential photographs are shown in Figure 34. 

Additional sequential photographs are shown in Figures 35 and 36. Documentary photographs of 

the crash test are shown in Figure 37.  

5.2 Weather Conditions 

Test no. USPBN-3 was conducted on September 13, 2010 at approximately 2:30 pm. The 

weather conditions, as per th e National Oceanic and A tmospheric Administration (station 

14939/LNK), were reported and are shown in Table 3. 

Table 3. Weather Conditions, Test No. USPBN-3 

Temperature 82°F 
Humidity 65% 
Wind Speed 10 mph 
Wind Direction 140° from True North 
Sky Conditions Overcast 
Visibility 9 Statute Miles 
Pavement Surface Dry 
Previous 3-Day Precipitation  0.03 in. 
Previous 7-Day Precipitation  0.04 in. 

 
5.3 Test Description 

Initial vehicle impact was to occur with the passenger’s side quarter point of the vehicle 

at the center of the bullnose, as shown in Figure 38. The actual point of impact was at the quarter 

point. A sequential description of the impact events is contained in Table 4. The vehicle cam e to 

rest 20 ft – 11 in. (6.4 m ) downstream and 9 in. (0.2 m) to the left of the center of the bullnose. 

The vehicle trajectory and final position are shown in Figures 34 and 39. 
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Table 4. Sequential Description of Impact Events, Test No. USPBN-3 

TIME 
(sec) EVENT 

0.000 The right-side bumper impacted the face of the thrie-beam nose. 

0.016 Post nos. A1 and B1 deflected forward (away from the center of the system), and 
the left side of the bumper disengaged. 

0.026 The rail kinked near the center of the nose. 
0.036 Post nos. A1 and B1 deflected backward (toward the center of the system). 
0.042 The rail buckled upstream of post no. B1. 
0.046 The rail buckled upstream of post no A1. 
0.072 The base of post no. B1 fractured. 
0.078 The rail kinked at post no. B2. 
0.080 The rail disengaged from post nos. B2 and B3. 

0.094 The rail disengaged from post no. B4, and post no. B5 deflected forward (away 
from the center of the system). 

0.118 The rail impacted post no. B2. 
0.120 The base of post no. B2 fractured. 
0.128 The base of post no. A1 fractured. 
0.158 Post no. B2 impacted post no. B3. 
0.176 The vehicle yawed towards the right. 
0.176 The bottom corrugation ruptured at the impact point.  
0.188 The rail kinked at post no. B3.  
0.232 The base of post no. A2 fractured. 
0.260 Post no. B3 broke away. 
0.302 The rail buckled downstream of post no. A3. 
0.316 The rail buckled at post no. B4. 
0.414 Post no. B4 broke away. 
0.426 Post no. A3 broke away. 
0.530 The rail kinked downstream of post no. B5. 
0.632 The vehicle reached maximum displacement. 
 

5.4 Barrier Damage 

Damage to the barrier was severe, as s hown in Figures 40 thr ough 42. Barrier damage 

consisted of guardrail buckling and flattening, defo rmation of the guardrail around the front of 

the car, and post fracture and disengagement on both sides of the bullnose. Deform ation to the 

rail occurred from 11 in. (279 mm) downstrea m of post no. 3 on Side A to 7½ i n. (191 mm) 

downstream of post no. 5 on Side B. 
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The first three posts on Side A were fract ured and disengaged. BCT post nos. 1 and 2 

fractured through the hole at ground level. The universal steel breakaway post no. 3 disengaged 

from the foundation tube and lower base plate when the bolts frac tured. Post no. 3 was slightly 

twisted downstream in relation to the upper base plate, and there was some slight chipping on the 

blockout. Post no. 4 was slightly tw isted upstream in relation to the upper base plate. Post nos. 1 

and 3 had a ¼-in. (6-m m) soil gap and a ½-in. (13- mm) soil gap on the front side of the bases, 

respectively. There was no visible damage to post nos. 5 through 14 on Side A.  

The first four posts on Si de B were fractured and disengaged. BCT post nos. 1 and 2 

fractured through the ho le at g round level. Post no. 1 was split on the upstream  face, and the 

cable bearing sleeve disengaged. UBSP nos. 3 and 4 were slightly twisted upstream in relation to 

their upper base plates and were disengaged from the foundation tube and lower base plate when 

the bolts fractured. The blockouts on post no. 5 we re rotated downstream. A ½-in. (13-mm ) soil 

gap was found on the downstream side of post no. 3 with an approxim ate 12-in. (30- mm ) 

diameter by 2-in. (51-m m) high soil heave. Th e rail-to-post bolt was pulled out at post no. 6. 

There was no visible damage to post nos. 7 though 14 on Side B. There was no visible damage to 

the foundation tubes or lower base plates on either side of the system. 

The damage to the thrie beam  guardrail consisted of buckling, tearing, and flattening of 

the guardrail. Flattening occurred in the thrie be am from post no. 3 on Si de A to post no. 4 on 

Side B. The Side B cable end anchorage threads fractured at the post no. 1 BCT anchorage. A 

buckle formed 11 in. (279 mm) downstream of post no. 3 on Side A with an 8-in. (203-mm) long 

horizontal tear in the upper slot. Another buckle for med at post no. 3 on Side A. A 2¼-in. (57-

mm) long vertical tear was located  9 in. (229 mm) upstream  of the Side A quarter point in rail 

section no. 1. The guardrail buckled 19 in. downstream  of the center of the system towards Side 

A. Rail section no. 1 at the lower slot was torn completely through from  18½ in. (470 mm)  
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downstream of the center of the system towards Side A through 10 in. (254 mm) downstream of 

the Side B quarter point on the nose. A 1¼-in. (32-mm ) long vertic al tear was located at the 

upper slot 14 in. (356 mm ) downstream of the center of the system towards Side A. The  

guardrail buckled 10 in. (254 mm ) downstream of the center of the system  towards Side B. A  

4½-in. (114-mm) long vertical tear  in the upper slot and a buckle  were located 10 in. (254 mm ) 

downstream of the Side B quarter  point on the nose. 10 in. (254 mm ) downstream of the Side B  

quarter point. A 2¾-in. (70-mm ) long horizontal tear was located at the lower slot at post no. 2 

on Side B. Another 2½-in. (64-mm) long horizontal tear was located at the lower slot at post no. 

3 on Side B. A buckle formed at post no. 4 on Side B, with a ⅞-in. (22-mm) long vertical tear in 

the upper slot and a 2¼-in. (57-mm) long vertical tear in the lower slot. The guardrail was kinked 

7½ in. (191 mm) downstream of post no. 5 on Side B. 

The working width envelope of the system  was found to be 22 ft  – 9 in. (6.9 m ) 

longitudinally and 14 ft – 9¼ in. (4.5 m) laterally and is shown in Figure 44. 

5.5 Vehicle Damage 

The damage to the vehicle was m oderate, as shown in Figure 45. Deform ations to the 

vehicle’s floorboard were relatively m inor, with maximum longitudinal and vertical deflections 

of ½ in. (13 mm) and ¼ in. (6 mm ), respectively. Complete occupant compartment and vehicle 

deformations and the corresponding locations are provided in Appendix C. 

The left door was dented and crushed. A de nt was found between the left door and 

quarter panel. The left-fender was crushed inward  and backward. The left-front strut attachm ent 

was fractured and the steering r od was bent. The left-front CV joint was pulled out, and both 

ends of the half shaft were dam aged or pulled out. A dent was found i n the left-front rim. The 

left mirror was disengaged. The radiator was cr ushed inward and shifted to the right. Both 

headlights were fractured. The le ft bumper mount was fractured. The bumper fractured near its  
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center. Minor cracking occurred in the lower left windshield in an area approximately 15 in. (381 

mm) by 13 in. (330 mm ). The hood was crushed b ackward and upward. The right side of the 

bumper cover was dented and torn. The right fe nder was crushed inward. The front of the right  

door was crushed and dented, and the door was ajar. The fuel tank was punctured, and s mall 

scrapes were found on the rear lower contro l arms. The roof and window glass rem ained 

undamaged. 

5.6 Occupant Risk 

The calculated occupant im pact velocities (OIVs) and m aximum 0.010-sec occupant 

ridedown accelerations (ORAs) in both the longitudinal and lateral directions are shown in Table 

5. It is noted that the OIVs and ORAs were within the sugge sted limits provided in NCHRP 

Report No. 350. The calculated TH IV, PHD, a nd ASI values are also shown in Table 5. The 

results of the occupant risk analysis, as determined from the accelerometer data, are summarized 

in Figure 3 4. The reco rded data from  the accel erometers and the rate transducers are shown 

graphically in Appendix D.  

Table 5. Summary of OIV, ORA, THIV, and PHD Values, Test No. USPBN-3 

Evaluation Criteria 
Transducer NCHRP Report 

No. 350 
Limits EDR-3 DTS 

OIV 
ft/s (m/s) 

Longitudinal -33.63 
(-10.25) 

-32.18 
(-9.81) 

≤ 39.4  
(12) 

Lateral 3.60 
(1.10) 

4.08 
(1.24) 

≤ 39.4  
(12) 

ORA 
g’s 

Longitudinal -7.70 -7.70 ≤ 20 
Lateral 5.01 -5.75 ≤ 20 

THIV 
ft/s (m/s) 

- 32.58 
(9.93) not required 

PHD 
g’s 

- 8.62 not required 

ASI 0.93 0.88 not required 
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5.7 Discussion 

The analysis of the test results for test no. USPBN-3 showed that the bullnose m edian 

barrier adequately contained a nd safely decelerated the 820C ve hicle. There were no detached  

elements nor fragments which showed potential for penetrating the occupant com partment nor 

presented undue hazard to other traffic. Deform ations of, or intrusions into, th e occupant 

compartment that could have caused serious in jury did not occur. The test vehicle did not 

penetrate nor ride over the barrier and rem ained upright during and afte r the collision. Vehicle 

roll, pitch, and yaw angular displacem ents were noted, as shown in Appendix D, and wer e 

deemed acceptable because th ey did not adv ersely influence occupant risk safety criteria nor 

cause rollover. After im pact, the vehicle wa s contained by the bullnose m edian barrier. 

Therefore, test no. USPBN-3 conducted on a bull nose median barrier was determ ined to be 

acceptable according to the NCHRP Report No. 350 safety performance criteria for test 

designation no. 3-30. 
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6 FULL-SCALE CRASH TEST NO. USPBN-4  

6.1 Test No. USPBN-4 

The 4,429-lb (2,009-kg) pickup truck im pacted the bullnose median barrier at a speed of 

64.5 mph (103.7 km/h) and at an angle of 0 degrees. A summary of the test results and sequential 

photographs are shown in Figure 46.  Additional sequential photographs are shown in Figures 4 7 

and 48.  

6.2 Weather Conditions 

Test no. USPBN-4 was conducted on Octobe r 6, 2010 at approxim ately 12:15 pm. The 

weather conditions, as per th e National Oceanic and A tmospheric Administration (station 

14939/LNK), were reported and are shown in Table 6. 

Table 6. Weather Conditions, Test No. USPBN-4 

Temperature 74°F 
Humidity 50% 
Wind Speed 8 mph 
Wind Direction 330° from True North 
Sky Conditions Sunny 
Visibility 10 Statute Miles 
Pavement Surface Dry 
Previous 3-Day Precipitation  0.0 in. 
Previous 7-Day Precipitation  0.0 in. 

 
6.3 Test Description 

Initial vehicle impact was to occur at the centerline of the system, as shown in Figure 38. 

The actual point of im pact was at the centerlin e of the system. A sequential description of the 

impact events is contained in Table 7. The vehicle came to rest 50 ft – 10 in. (15.5 m ) 

downstream and 2 ft – 7 in. (0.8 m)  to the left of the initial im pact. The vehicle trajectory and 

final position are shown in Figures 46 and 50. 
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Table 7. Sequential Description of Impact Events, Test No. USPBN-4 

TIME 
(sec) EVENT 

0 The bumper impacted the face of the thrie beam nose. 
0.012 Kink formed in rail upstream of post no A1. 
0.014 Kink formed in rail upstream of post no. B1 
0.018 Hood, right-front quarter panel, and left-front quarter panel deflected. 

0.060 The base of post no. A1 fractured, and the rail kinked at the midspan between post 
nos. A1 and A2 and at the midspan between post nos. B1 and B2. 

0.070 The base of post no. B1 fractured.  
0.098 Kink formed in rail at post no. B2. 
0.104 Kink formed in rail at post no. A2. 
0.136 The base of post no. B2 fractured. 
0.152 Kink formed in rail at post no. B3. 
0.154 Kink formed in rail at post no. A3. 
0.190 Post no. A3 broke away. 
0.202 Post no. B3 broke away. 
0.240 Kink formed in rail at post no. B4. 
0.248 Kink formed in rail upstream of post no. A4. 
0.286 Post no. A4 broke away. 
0.288 Post no. B4 broke away. 
0.328 Kink formed in rail upstream of post no. A5. 
0.336 The right-rear tire ruptured. 
0.366 Kink formed in rail downstream of post no. B5. 
0.382 Post no. A5 broke away. 
0.384 Post no. B5 broke away. 
0.390 Kink formed in rail at midspan between post nos. A5 and A6. 
0.472 Kink formed in rail at post no. B6. 
0.496 Kink formed in rail upstream of post no. A6. 
0.522 Post no. B6 broke away. 
0.568 Kink formed in rail downstream of post no. A7. 
0.596 Kink formed in rail at midspan between post nos. B6 and B7. 
0.616 Kink formed in rail at post no. B7. 
0.656 Kink formed in rail downstream of post no. B7. 
0.696 Post no. B7 broke away. 
0.794 Kink formed in rail at midspan of post nos. B7 and B8. 
0.860 Kink formed in rail upstream of midspan between post nos. A7 and A8. 
0.982 Kink formed in rail upstream of post no. A8. 
1.182 Vehicle reached maximum displacement into system. 
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6.4 Barrier Damage 

Damage to the barrier was severe, as s hown in Figures 51 thr ough 53. Barrier damage 

consisted of guardrail buckling and flattening, defo rmation of the guardrail around the front of 

the pickup truck, and post fracture and disengagement on both sides of the bullnose. Deformation 

to the rail occurred from 13 in. (330 mm) upstream of post no. 8 on Side A to 15 in. (381 mm)  

upstream of post no. 8 on Side B. 

Post nos. 1 through 6 and post no. 8 on Side A were fractured and disengaged. BCT post 

nos. 1 and 2 fractured through th e hole at ground level. The m ajority of post no. 1 rem ained 

attached to the guardrail connected through the bottom bolt. The universal steel breakaway post 

nos. 3 through 6 and post no. 8 disengaged from  the foundation tube and lo wer base plate when 

the bolts fractured. The top portion of post no. 3 was slightly twisted in relation to the upper base 

plate. The back blockout was disengaged from post no. 4 and the front flange was bent. The back 

blockout was disengaged from  post no. 5, and the front blockout was part ially disengaged. The 

weld at the base plate of post no. 7 fractured at  the front flange on the upstream  side. Post no. 7 

was also bent and twisted downstream  in relation to the upper base plate with the rear flange 

buckled 2 in. (51 mm) at the lower portion of the post. There was also a ⅜-in. (10-mm) soil gap 

on the upstream face of the foundation tube at post no. 7. Post no. 8 was twisted  upstream in 

relation to the upper base plate, and the back fla nge and web were bent at the top of the post. 

Post nos. 9 and 10 had ½-in. (13-m m) soil gaps on the backside and frontside of the foundation 

tubes, respectively. There was no visible damage to post nos. 11 through 14 on Side A.  

The first seven posts on Side B were fract ured and disengaged. BCT post nos. 1 and 2 

fractured through the hole at ground level. P ost no. 1 w as split on the upstream  face. The 

universal steel breakaway post nos. 3 through 7 di sengaged from the foundation tubes and lower  

base plates as the bolts fractured. P ost no. 3 wa s slightly twisted downstream  in relation to the 



December 16, 2010 
MwRSF Report No. TRP-03-244-10  

68 

upper base plate, and the back flange was bent and gouged. Post no. 4 was wedged underneath 

the left-rear tire. The front bl ockout on post no. 5 was fractured. Th e back flange was bent and 

the front blockout was split on post no. 7. A ½-i n. (13-mm) soil gap was found on the upstream  

side of the foundation tube of post no. 8. The tw o upstream base plate bolts fractured on post no. 

8, and the post was bent slightly  downstream but stil l in its original location. T here was no 

visible damage to post nos. 9 though 14 on Side B. There was no visible dam age to the 

foundation tubes or lower base plates on either side of the system. 

The damage to the Side A thrie beam guardra il consisted of buckling and tearing of the 

guardrail. A buckle form ed 13 in. (330 mm ) upstream of post no. 8. A 1½-in. (38-mm) long 

vertical tear was located in the upper slot 13 in. (330 mm) downstream of post no. 7 on the Side 

A. Another 2-in. (51-mm) long tear was located in the upper slot 21 in. (533 mm) downstream of 

post no. 6. The bottom corrugation had a 6-in. (152-mm) long vertical tear 17 in. (432 mm ) 

upstream of post no. 5. The lower slot had a sm all vertical tear 43 in. (1,092 mm ) upstream of 

post no. 5. Major folding and a buckle occurred in the thrie beam guardrail at the Side A quarter-

point cable clip on rail section no. 1. The lower slots were torn completely through from post no. 

1 through 13 in. (330 mm) downstream  of the cen ter of the nose on Side A. A 4-in. (102-mm)  

long vertical tear and an 8-in. (203-mm) long vertical tear were located 12 in. (305 mm) and 9 in. 

(229 mm) upstream from post no. 1, respectively. Another 4-in. (102-mm) long vertical tear was 

located in the bottom corrugation 13 in. (330 mm) downstream of the center of the nose on Side 

A. 

The damage to the S ide B thrie beam  guardrail consisted of buckling, tearing and 

flattening of the guardrail. Folding and flattening occurred downstream of the center of the nose 

on Side B. A 2-in. (51-mm) long vertical tear was located 20 in. (508 mm)  upstream of post no. 

1. A 3-in. (76-mm) long vertical tear and a 4-in. (102-mm) long vertical tear were located at the 
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lower slot 13 in. (330 mm) and 11 in. (279 mm) upstream  of post no. 1, respectively. The 

guardrail was torn completely through at the lower slots 17 in. (432 mm) downstream of post no. 

1. A 2-in. (51-mm ) long vertical tear was f ound 7 in. (178 mm ) upstream of post no. 2 at the 

upper slot. Another 1-in. (25-mm) long tear was found 4 in. (102 mm) downstream of post no. 3. 

A 3-in. (76-mm) long horizontal tear was located 43 in. (1,092 mm) downstream of post no. 7. 

The guardrail was buckled 15 in. (381 mm) upstream of post no. 8. 

The working width envelope of the system  was found to be 54 ft – ½ in. (16.5 m)  

longitudinally and 14 ft – 9¼ in. (4.5 m) laterally and is shown in Figure 54. 

6.5 Vehicle Damage 

The damage to the vehicle was m oderate, as shown in Figure 55. Deform ations to the 

vehicle’s floorboard were relati vely minor, with m aximum longitudinal, lateral, and vertical 

deflections of ½ in. (13 mm ) located at the ri ght side of the right-side floorboard near the 

dashboard, ½ in. (13 mm) located near the middle of the left-side floorboard, and ½ in. (13 mm)  

located at the right side  of the right-side floorboard near th e dashboard, respectively. Com plete 

occupant compartment and vehicle deformations and the corresponding locations are provided in 

Appendix C. 

The left-rear quarter panel was crushed appr oximately 3 in. (76 mm ). The left-front 

fender was crushed backward due to contact w ith the cable, a nd a 4-in. (102-mm) long tear 

occurred. The left headlight was disengaged. T he left side of the hood wa s ajar. Scrape m arks 

occurred along the bottom edge of the longitudinal frame members. Folding occurred in the left 

side of the front bumper, and the bumper was significantly crushed. The grill was crushed inward 

due to contact with the cable. The radiator wa s punctured and was leaking. The right headlight 

was crushed inward. The right-front fender was crushed inward approximately 5 in. (127 mm ), 

and the fender was folded. The right side of the hood was ajar. The righ t-front tire had a 4-in. 



December 16, 2010 
MwRSF Report No. TRP-03-244-10  

70 

(102-mm) long tear in the side wall, and the hub cap was fractured. The right-rear tire had a 13-

in. (330-mm) long tear in the side wall. The roof and window glass remained undamaged. 

6.6 Occupant Risk 

The calculated occupant im pact velocities (OIVs) and m aximum 0.010-sec occupant 

ridedown accelerations (ORAs) in both the longitudinal and lateral directions are shown in Table 

5. It is noted that the OIVs and ORAs were within the sugge sted limits provided in NCHRP 

Report No. 350. The calculated TH IV, PHD, a nd ASI values are also shown in Table 8. The 

results of the occupant risk analysis, as determined from the accelerometer data, are summarized 

in Figure 4 6. The reco rded data from  the accel erometers and the rate transducers are shown 

graphically in Appendix D.  

Table 8. Summary of OIV, ORA, THIV, and PHD Values, Test No. USPBN-4 

Evaluation Criteria 
Transducer NCHRP Report 

No. 350 
Limits EDR-3 DTS 

OIV 
ft/s (m/s) 

Longitudinal -21.82 
(-6.65) 

-21.75 
(-6.63) 

≤ 39.4  
(12) 

Lateral 0.19 
(0.06) 

0.21 
(0.06) 

≤ 39.4  
(12) 

ORA 
g’s 

Longitudinal -7.97 -7.84 ≤ 20 
Lateral 7.46 7.34 ≤ 20 

THIV 
ft/s (m/s) 

- 21.75 
(6.63) not required 

PHD 
g’s 

- 8.99 not required 

ASI 0.44 0.43 not required 
 

6.7 Discussion 

The analysis of the test results for test no. USPBN-4 showed that the bullnose m edian 

barrier adequately contained and saf ely decelerated the 2000P vehicle. T here were no detached 
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elements nor fragments which showed potential for penetrating the occupant com partment nor 

presented undue hazard to other traffic. Deform ations of, or intrusions into, th e occupant 

compartment that could have caused serious in jury did not occur. The test vehicle did not 

penetrate nor ride over the barrier and rem ained upright during and afte r the collision. Vehicle 

roll, pitch, and yaw angular displacem ents were noted, as shown in Appendix D, and wer e 

deemed acceptable because th ey did not adv ersely influence occupant risk safety criteria nor 

cause rollover. After im pact, the vehicle wa s contained by the bullnose m edian barrier. 

Therefore, test no. USPBN-4 conducted on a bull nose median barrier was determ ined to be 

acceptable according to the NCHRP Report No. 350 safety performance criteria for test 

designation no. 3-31. 
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Figure 499. Impact Loocation, Testt No. USPBN
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Figure 500. Vehicle Final Positionn and Traject
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Figure 544. Working WWidth Envellope, Test N
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7 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

A bullnose median barrier was developed with fracturing bolt, steel posts. The breakaway 

steel posts were designed to match the cantilevered bending capacities of the existing wood CRT 

posts about their strong and weak axis, as well  as for a biaxial load ing condition. The embedded 

portion of the UBSP was sim ilar to the CRT post to assu re comparable rotational resistance in 

the soil. The m ass, general geom etry, and the breakaway characteristics of the u pper UBSP 

section were also sim ilar to the CRT wood post.  The lower portion of the UBSP cons isted of a 

foundation tube with the lower base plate. Th e upper portion of the UBSP consisted of a post 

with the upper base plate. The bullnose system utilized BCT posts for the first two posts as well 

as for the last two anchorage posts on each side of the barrier. Post nos. 3 through 8 were UBSP, 

and the rem aining posts were standard thrie beam guardrail steel posts. The system  was 

subjected to test designation nos. 3-3- and 3-31 of NCHRP Repor t No. 350 to determine if it met 

the TL-3 safety performance criteria. 

In full-scale crash test no. USPBN-3, a 2,024- lb (918-kg) passenger car im pacted the 

barrier at the passenger’s side qua rter point offset of the bull nose at a speed of 63.3 mph (101.9 

km/h) and at an angle of 0 degrees. A summ ary of the safety performance evaluation is provided 

in Table 9. The vehicle was safely contained and decelerated, and th e barrier did not cause 

vehicle instability.  

In full-scale crash test no. USPBN-4, a 4,429- lb (2,009-kg) pickup truck im pacted the 

barrier at the centerline of the bullnose at a speed of 64.5 m ph (103.7 km/h) and at an angle of 0 

degrees. A summary of the safety perform ance evaluation is provided in  Table 9. The vehicle 

was safely contain ed and decelerated, and the barrier did not cause vehicle instability. The 
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bullnose median barrier with univers al breakaway steel posts  was determined to be acceptab le 

according to the TL-3 safety performance criteria in NCHRP Report No. 350. 

Based on this performance of the UBSP in the tests described herein and those conducted 

previously, the researchers believe that the UBSP is a suitable alternative for the wood, CRT post 

used in the origin al design. Because the perform ance of the system  with the UBSP was nearly  

identical to the original system with CRT posts,  no additional constraints or  caveats need to be 

applied when using the alternativ e post design. In addition, reco mmendations made with respect 

to the design and i mplementation of the original  bullnose median barrier system would still be 

applicable to the system when the UBSP is used.  

It should be noted that the foundation tube  and lower base plate of the UBSP was  

typically undamaged in the full-scale crash te sts and could potentially be reused. MwRSF 

believes that the UBSP foundation tube and lower base plate can be reused if it displays no 

plastic deformation. In addition, if the UBSP f oundation tube and lower base plate have not 

deflected more than ½ in. (13 mm ) in the soil,  it would be acceptable to re-com pact the soil 

around the post base and m ount a new top section (i.e., post and upp er base plate) to the lower 

base plate to reset the post. Soil deflections greater than ½ in. (13 mm) would require pulling the 

post base, checking for damage, and resetting the post. 

It should also be noted that the bullnose syst em constructed for use in this test program  

had dual cable anchorages em ployed on each side  of the downstream e nd of the system . The 

function of these cable anchorages was to deve lop the appropriate rail  tension required to 

simulate a typical f ield installation of the bullnose which would consist of a closed envelop or 

attachment of sides of the bullnose to a concrete bridge rail. Thus, for a closed envelope bullnose 

system or a bullnose th at is attached to a b ridge rail on bo th sides, these anchorag es are not 
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required. However, some states install the bullnose in a layout that attaches the oncoming traffic 

side to a bridge rail but leaves the reverse direction traffic side open and una ttached. In this type 

of installation, the researchers would recommend that dual cable anchorages be employed similar 

to those used in the full-scale testing described herein.  

Finally, the satisfactory performance of the UBSP in the bullnose m edian barrier system 

would suggest that there is potential for the UBSP as a surrogate in other CRT applications, such 

as in the long-span guardrail system and guardrail  end terminals. However, further analysis and 

testing would be required to verify its performance in those other guardrail applications.  
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Table 9. Summary of Safety Performance Evaluation Results 
Evaluation 

Factors 
Evaluation Criteria 

Test No. 
USPBN-3 

Test No. 
USPBN-4 

Structural 
Adequacy 

A. Test article should contain and redirect the vehicle; the 
vehicle should not penetra te, underride, or override the 
installation although controlled lateral deflection of the 
test article is acceptable. 

S S 

C. Acceptable test article performance may be by 
redirection, controlled penetration, or controlled 
stopping of the vehicle. 

S S 

Occupant 
Risk 

D. Detached elements, fragments or other debris from the 
test article should not penetrate or show potential for 
penetrating the occupant compartment, or present a n 
undue hazard to other traffic, pedestrians, or personnel  
in a work zone. Deformations of, or intrusions into, the 
occupant compartment that could cause serious injuries  
should not be permitted. See discussion in Section 5. 3 
and Appendix E of NCHRP Report No. 350. 

S S 

F. The vehicle should rem ain upright during and aft er 
collision although m oderate roll, pitching and yawing 
are acceptable. 

S S 

H. Occupant Impact Veloc ities (OIV) (see Appendix A, 
Section A5.3 of NCHRP Report No. 350 for 
calculation procedure) should satisfy the following: 

M S  Occupant Impact Velocity Limits 
Component Preferred Maximum 

Longitudinal and Lateral 29.5 ft/s  
(9 m/s) 

39.4 ft/s 
(12 m/s) 

I. The Occupant Ridedown  Accelerations (ORA) ( see 
Appendix A, Section A5.3 of NCHRP Report No. 3 50 
for calculation procedure) should satisfy the following: 

S S  Occupant Ridedown Acceleration Limits  
Component Preferred Maximum 

Longitudinal and Lateral 15 g’s 20 g’s 

Vehicle 
Trajectory 

K.  After collision it is preferable that the vehicle’s 
trajectory not intrude into adjacent traffic lanes. S S 

L. The occupant impact velocity in the longitudinal 
direction should not exceed 39.4 ft/s (12 m/s) and the 
occupant ridedown acceleration in longitudinal 
direction should not exceed 20 g’s. 

S S 

M. The exit angle from the test article preferably should be 
less than 60 percent of the test impact angle, measured 
at time of vehicle loss of contact with test device. 

NA NA 

N. Vehicle trajectory behind the test article is acceptable. S S 
 S – Satisfactory  M – Marginal  U – Unsatisfactory  NA - Not Applicable 



December 16, 2010 
MwRSF Report No. TRP-03-244-10  

86 

8 REFERENCES 

1. Bielenberg, B.W., Faller, R.K ., Reid, J.D., Rohde, J.R., Sicking, D.L., a nd Keller, E.A., 
Concept Development of a Bullnose Guardrail System for Median Applications, Final 
Report to the Midwest States Regional P ooled Fund Program , MwRSF Research Report 
No. TRP-03-73-98, Project No. SPR-3(017)-Y ear 7, Midwest Roadside Safety Facility, 
University of Nebraska-Lincoln, Lincoln, Nebraska, May 22, 1998. 

2. Bielenberg, B.W., Reid, J.D., Faller, R.K., Rohde, J.R., Sicking, D.L., Keller, E.A., and 
Holloway, J.C., Phase II Development of a Bullnose Guardrail System for Median 
Applications, Final Report to the Midwest States  Regional Pooled Fund Program, MwRSF 
Research Report No. TRP-03-78-98, Project  No. SPR-3(017)-Years 7 and 8, M idwest 
Roadside Safety Facility, University of Nebraska-Lincoln, Lincoln, Nebraska, Decem ber 
18, 1998. 

3. Bielenberg, B.W., Faller, R.K., Reid, J.D ., Rohde, J.R., Sicking, D.L., Keller, E.A., 
Holloway, J.C., and Supencheck, L.L., Phase III Development of a Bullnose Guardrail 
System for Median Applications, Final Report to the Midwest States Regional Pooled Fund 
Program, MwRSF Research Report No. TRP- 03-95-00, Project No. SPR-3(017)-Years 7 
and 8, Midwest Roadside Safety Facility, University of Nebraska-Lincoln, Lincoln, 
Nebraska, June 1, 2000. 

4. Ross, H.E., Sicking, D.L., Zi mmer, R.A., and Michie, J.D., Recommended Procedures for 
the Safety Performance Evaluation of Highway Features, National Cooperative Highway 
Research Program (NCHRP) Report 350, Tr ansportation Research B oard, Washington, 
D.C., 1993. 

5. Bielenberg, B.W., Faller, R.K., Rohde, J.R., and Reid, J.D., Evaluation of an Existing Steel 
Post Alternative for the Thrie Beam Bullnose Guardrail System, Letter Report to the  
Midwest States Regional Pooled Fund Pr ogram, MwRSF Research Report No. TRP-03-
193-07, Midwest Roadside Safety Facility, University of Nebrask a-Lincoln, Lincoln, 
Nebraska, August 24, 2007. 

6. Arens, S.W., Sicking, D.L., Faller, R.K., Re id, J.D., Bielenberg, R.W ., Rohde, J.R., and 
Lechtenberg, K.A., Investigating the Use of a New Universal Breakaway Steel Post, Final 
Report to the Minnesota Department of Transportation (MnDOT), MwRSF Research 
Report No. TRP-03-218-09, Midwest Roadside Sa fety Facility, Univ ersity of Nebraska-
Lincoln, Lincoln, Nebraska, August 3, 2009. 

7. Schmidt, J.D., Sicking, D.L, Faller, R.K., Re id, J.D., Bielenberg, R.W ., and Lechtenberg, 
K.A., Investigating the Use of a New Universal Breakaway Steel Post – Phase 2, Final 
Report to the Minnesota Department of Transportation (MnDOT), MwRSF Research 
Report No. TRP-03-230-10, Midwest Roadside Sa fety Facility, Univ ersity of Nebraska-
Lincoln, Lincoln, Nebraska, August 9, 2010. 

8. Hinch, J., Yang, T.L., and Owings, R., Guidance Systems for Vehicle Testing, ENSCO, 
Inc., Springfield, Virginia, 1986. 



December 16, 2010 
MwRSF Report No. TRP-03-244-10  

87 

9. Vehicle Damage Scale for Traffic Investigators, Second Edition, Technical Bulletin No. 1, 
Traffic Accident Data (TAD) Project, National Safety Council, Chicago, Illinois, 1971. 

10. Collision Deformation Classification – Recommended Practice J224 March 1980, 
Handbook Volume 4, Society of Autom otive Engineers (SAE), Warrendale, Pennsylvania, 
1985. 

 

 



December 16, 2010 
MwRSF Report No. TRP-03-244-10  

88 

9 APPENDICES 

 

 



December 16, 2010 
MwRSF Report No. TRP-03-244-10  

89 

Appendix A. Material Specifications 



90

Figuure A-1. Nose CCables
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ecem
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Certified Analysis 
Trinity Highway Products , LLC 

425 E. O'Connor Order Number: 1114173 ~". 
Liroa,OH Customer PO: 2209 

As of: 9/11/09 
Customer: MIDWEST MACH.& SUPPLY CO. BOLNumber: 51036 

P. O. BOX 81097 Document #: 

Shipped To: NE 

LINCOLN, NE 68501-1097 Use State: NE 

Project: RESALE 

Qty Parr 1# Dtsc:ription Spec CL TV lIeat Codt/ Heat /I Yield T5 Eig C M. P 51 Cu Cb Cr Yn ACW 

209G TI2I12'616'3/S M-I SO A 2 125143 61,860 79,920 

M-ISO A 0113S12 60,600 S2,200 

M-ISO A 0113S13 52,200 77,700 

M-ISO A 125144 61 ,S90 SI,04O 

M· ISO A 125145 63,120 81,790 
729G TS 8X6X3/16XS'.o" SLEEVE A-l00 U84S 59,523 72,619 

749G TS SX6X3116X6'.o" SLEEVE A-leo US4S 59,523 72,619 

12319G Tl2112'6/SPECIS 34'RCX M-ISOA 291920 6S,500 73,700 

Upon delivery, al l materials subject to Trinity Highway Products , LLC Storage Stain Policy No. LG-002. 

ALL STEEL USED WAS MEL TED AND MANUFACfURED IN USA AND COMPLIES WITH THE BUY AMERlCA ACf. 
ALL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36 
ALL GALVANIZED MATERIAL CONFORMS WITH ASTM-123, UNLESS OTHERWlSE STATED. 

23.0 0.190 0.770 0.010 0.004 0.020 0.121 0.00 0.030 0.000 

24.S 0.210 0.910 0.0100.010 0.020 0.010 0.000 0.020 0.000 

26.2 0.220 0.910 0.0100.010 0.010 0.010 0.000 0.020 0.000 

26.5 0.190 0.740 0.0100.000 0.030 0.120 0.000 0.050 0.000 

25.2 0.190 0.740 0.0100.000 0.020 0.110 0.000 0.040 0.000 

2S.0 0.147 O.64S 0.009 O.OOS 0.023 0.175 0.00 0.091 0.000 

2S.0 0.147 0.64S 0.009 O.OOS 0.023 0.115 0.00 0.091 0.000 

28.0 0.066 0.720 0.010 0.010 0.0 11 0.067 0.04 0.026 0.001 

BOLTS COMPLY WlTH ASTM A-307 SPECIFICA nONS AND ARE GALVANIZED IN ACCORDANCE wrrn ASTM A-153, UNLESS OTHER WlSE STATED. 
NUTS. COMPLY WITH ASTM A-563 SPECIFICA nONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHER WISE STATED. 

3/4" DrA CABLE 6XI9ZlNC COATED SWAGED END AISIC-I035 STEEL ANNEALED STUD I" DrA ASTM4 
STRENGTH - 49100 LB 

State of Ohi 0, Counly ,of A~wom and subscribed 

Notary Public: ~ 
Commission Expires / .;)-rtf;;;?c;) / 2--

ore me t~s lIst day of September, 2009 

::~~:::~~~ .. \SJ ~~ 
I of 8 

4 

4 

4 

4 

4 
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Figuure A-2. Nose CCables
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Certified Analysis 
Trinity Highway Products, LLC 

425 E. O'Connor Order Number: 1121475 ~JI'" 
Lima,OH Customer PO: 2270 

As <> f: 4/26/1 0 
Customer: MIDWEST MACH.& SUPPLY CO. BOLNumber: 55149 

P. O. BOX 81097 Document #: 

Shipped To: NE 

LINCOLN, NE 68501-1097 Use State: KS 

Project: RESALE 

BOLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED. 

NUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED. 

3/4" D1A CABLE 6Xl9 ZINC COATED SWAGED END AISI C-I035 STEELANNFALED STUD I" DIA ASTM449 AASHTO M30, TYPElI BREAKING 
STRENGTH - 491 00 LB 

Certified By: 

3 of 3 
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Figuure A-3. Rail Seection No. 3

 

 

 

M
w

R
SF R

eport N
o. TR

P-03-244-10
D

ecem
ber 16, 2010

Trinity Highway Products, LLC 

425 E. O'Connor 

Lima,OH 

Customer: MIDWEST MACH.& SUPPLY CO. 

Project: 

P . O. BOX 81097 

LINCOLN, NE 68501· 1097 

RESALE 

Certifil . Analysis 

Order Nwnber: 1121496 

Customer PO: 2269 

BOL Number: 54132 

Document #: 

Shipped To: NE 

Use Slate: KS 

;f 

~". 
As 0 f: 3/911 0 

Qty Part # Description Spec CL TY He.t Code! He.t # Yield TS Eig C Mn P 51 Cu Cb Cr Yn ACW 

20 209G TI2I12'6/6'3 /S M-180 A 2 130211 64,020 83,600 21.8 0.190 0.760 0.013 0.005 0.020 0.150 0.00 0.060 0.000 4 

M-ISO 

M-I SO 

M-180 

M-ISO 

M-ISO 

M-ISO 

M-I SO 

20 211G TI2I 12'6/3'1.5/S M-ISO A 

M-ISO 

M-ISO 

M-ISO 

M-ISO 

211G M-IS0 A 

M-ISO 

M-ISO 

M·IS0 

M·ISO 

M-l80 

M-ISO 

M-ISO 

M-ISO 

30 260G Tl212516'J/S M·ISO A 

M-ISO 

M-I SO 

M·ISO 

' A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

2 

2 

2 

2 

1291 51 

129154 

129 161 

129162 

130216 

ll021S 

ll0793 

129155 

129152 

129153 

129162 

129163 

129163 

12S756 

129151 

129152 

129153 

129154 

129155 

129162 

129164 

129163 

12S756 

129151 

129152 

63,S60 SI ,300 26.S 0.190 0.740 0.010 0.004 0.020 0.090 0.0000.050 0.000 4 

61,190 79,690 24.S O.ISO 0.730 0.0120.006 0.020 0.1 SO 0.0000.060 0.000 4 

63,450 SI,140 26.0 0.190 0.730 0.0100.003 0.020 0.150 0.0000.050 0.000 4 

62,160 7S,740 25.4 0.190 0.740 0.0140.004 0.020 0.150 0.0000.010 0.000 4 

63,390 Sl, loo 22.9 0.190 0.730 0.0110.004 0.020 0.100 0.0000.050 0.000 4 

57,750 S2.130 22.2 O.llO 0.750 0.011 0.005 0.020 0.130 0.000 0.050 0.000 4 

63,9S0 S3,300 23.0 0.200 0.740 0.0 120.003 0.030 0.120 0.000 0.050 0.000 4 
61 ,190 SI,210 23.S 0.190 0.730 0.011 0.003 0.Q20 0.150 0.00 0.060 0.000 4 

62,700 SO,9oo 25 .2 0.190 0.720 0.0120.004 0.020 0.150 0.000 0.060 0.000 4 

63,070 SO,410 23 .8 0.IS0 0.730 0.0110.002 0.030 0.140 0.000 0.060 0.000 4 

62,160 78,740 25.4 0.190 0.740 0.014 0.004 0.020 0.150 0.000 0.070 0.000 4 

61,760 7S,730 28.0 0.190 0.740 0.0110.003 0.030 0.140 0.0000.060 0.000 
61 ,760 7S,730 2S.0 0.190 0.740 0.011 0.003 0.030 0.140 0.00 0.060 0.000 

62,920 81,360 24.4 0.190 0.740 0.012 0.004 0.020 0.1 10 0.000 0.060 0.000 4 

63 ,S60 81 ,300 26.8 0.190 0.740 0.0100.004 0.020 0.090 0.000 0.050 0.000 

62,700 SO,900 25.2 0.190 0.720 0.0120.004 0.020 0.150 0.000 0.060 0.000 

63,070 SO,470 23.S 0.IS0 0.730 0.011 0.002 0.030 0.140 0.000 0.060 0.000 4 

61 ,190 79,690 24.S O.ISO 0.730 0.0120.006 0.020 0.150 0.0000.060 0.000 4 

61 ,190 SI,210 23.S 0.190 0.730 0.0110.003 0.020 0.150 0.000 0.060 0.000 4 

62,160 18,740 25.4 0.190 0.140 0.0140.004 ' 0.020 0.150 0.000 0.070 0.000 4 

61 ,140 80,290 26.5 0.190 0.750 0.01 10.003 0.020 0.130 0.000 0.050 0.000 4 

61,760 7S,730 2S.0 0.190 0.740 0.011 0.003 0.030 0.140 0.00 0.060 0.000 4 

62,920 SI,360 24.4 0.190 0.740 0.0120.004 0.020 0.110 0.000 0.060 0.000 4 

63,S60 SI,300 26.8 0.190 0.740 0.010 0.004 0.020 0.090 0.0000.050 0.000 

62,700 80,900 25.2 0.190 0.720 0.0120.004 0.020 0.150 0.0000.060 0.000 4 

I nf Ii 
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Figuure A-4. Rail Seection No. 3
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Trinity Highway Products, LLC 

425 E. O'COtulOr 

Lima,OH 

Customer: MIDWEST MACH.& SUPPLY CO. 

Project: 

P. O. BOX 81097 

LINCOLN, NE 68501-1097 

RESALE 

Qty . ParI # Descriplion 

2098 TI2I12'6/6'3/S 

20 209G TI2/12'6/6'3/S 

209G 

209G 

Spot 

1'1-180 

M-180 

M-ISO 

M-ISO 

M-l80 

M-ISO 

M-UO 

M-1S0 

M-ISO 

M· ISO 

M-180 

M-ISO 

M-180 

M-180 

M-ISO 

M-ISO 

M-l80 

M-180 

M-l80 

M-l80 

M-ISO 

M-ISO 

M- ISO 

M-ISO 

M-ISO 

M-ISO 

CL 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

Certifiecl l\nalysis 

Order Number: 1121509 

Customer PO: 2252 

BOLNumber: 55201 

Document #: 

Shipped To: NE 

Use State: NE 

TV Htat Codel Rut # Yield TS 

132181 64,070 81,720 

131905 63,690 81,990 

2 132182 60,790 7S,6S0 

2 ll21S2 60,790 7S,680 

2 1321S3 64,220 S2,I70 

1321S9 62,000 79,120 

130794 63 ,340 81,340 

12S756 62,920 81,360 

129161 63,450 SI, I40 

129162 62,160 7S,740 

ll0216 63,390 81,100 

ll0217 64,020 83,600 

2 ll0793 63,9S0 S3,300 

2 130216 63,390 81, 100 

129152 62,700 80,900 

129154 61,190 79,690 

ll0217 64,020 83,600 

ll0793 63,9S0 83,300 

ll0794 63,340 81,340 
ll0217 64,020 83,600 

129151 63,S60 S1,300 

129154 61,190 79,690 

129161 63,450 SI,I40 

129162 62,160 7S,740 

130216 63,390 SI,IOO 

130218 57,750 82,130 

,,~Q J • waG< 
.,,,,.,,~<!-

,J '~ 
"' -

~". 
Asof: 4/28/10 

Eig C Mn P Si Cu Cb Cr Vn ACW 

26.2 0.200 0.730 0.014 0.003 0.030 0.140 0.00 0.080 0.000 

24.1 0.190 0.730 O.Oll 0.004 0.030 0.120 0.0000.060 0.000 

26.2 0.190 0.730 O.Oll 0.006 0.020 O.OSO 0.0000.080 0.000 

26.2 0.190 0.730 0.0130.006 0.020 0.140 0.000 0.080 0.000 

24.8 0.190 0.740 0.0150.003 0.030 0.140 0.000 O.OSO 0.000 

26.5 0.190 0.720 0.0120.004 0.030 0.110 0.000 0.060 0 .000 
26.6 0.190 0.750 0.011 0.003 0.030 0.110 0.00 0.060 0.000 4 

24.4 0.190 0.740 0.0120.004 0.020 0.110 0.000 0.060 0.000 4 

26.0 0.190 0.730 0.0100.003 0.020 0.150 0.000 0.050 0 .000 

25.4 0.190 0.740 0.0140.004 0.020 0.150 0.000 0.070 0.000 4 

22.9 0.190 0.730 0.0110.004 0.020 0.100 0.0000.050 0.000 4 

21.S 0.190 0.760 O.Oll 0.005 0.020 0.150 0.0000.060 0.000 4 

23.0 0.200 0.740 0.0120.003 0.030 0.120 0.0000.050 0.000 4 
22.9 0.190 0.730 0.011 0.004 0.020 0. 100 0.00 0.050 0.000 4 

25.2 0. 190 0.720 0.0120.004 0.020 0.150 0.000 0.060 0.000 

24.S 0.180 0.730 0.0120.006 0.020 0.150 0.000 0.060 0.000 

21.S 0.190 0.760 0.0130.005 0.020 0.150 0.0000.060 0.000 4 

'- 23.0 0.200 0.740 0.0120.003 0.030 0.120 0.0000.050 0.000 4 

26.6 0. 190 0.750 0.0 11 0.003 0.030 0.110 0.0000.060 0.000 
21.8 0.190 0.760 O.Oll 0.005 0.020 0.150 0.00 0.060 0.000 4 

26.S 0.190 0.740 0.0100.004 0.020 0.090 0.000 0.050 0.000 

24.S O.ISO 0.730 0.0120.006 0.020 0.150 0.000 0.060 0.000 4 

26.0 O. I 90 0.730 0.0100.003 0.020 0.150 0.0000.050 0.000 

25.4 0.190 0.740 0.01 4 0.004 0.020 0. 150 0.000 0.070 0.000 4 

22.9 0.190 0.730 0.01 I 0.004 0.020 0.100 0.000 0.050 0.000 4 

22.2 0.130 0.750 0.011 0.005 0.020 0.130 0.0000.050 0.000 4 

1 of 3 
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Figuure A-5. Rail Seection No. 3
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Trinity Highway Products, LLC 

425 E. O'Connor 

Lima,OH 

Customer: MIDWEST MACH.& SUPPLY CO. 

Project: 

Qty 

40 

3 

P. O. BOX 81097 

LINCOLN, NE 68501-1 097 

RESALE 

Part # Description 

209G 

260G Tl2l25/6'3/S 

1359B TI2112'6/6'3/S 35'CX 

506946 Tl2l12'6/6'3/S 5'-3" RCX 

Spec 

M-ISO 
M-180 

M-180 

M-180 

M-180 

M-180 

M-180 
M-180 

M-180 

M-180 

M-1S0 

M-180 

M-180 

M-180 

M-180 

M-180 

M-1S0 

M-180 

M-1S0 

M-180 

M-ISO 

M-180 

M-1S0 

M-180 

M-1S0 

CL 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

Certifiecl \.nalysis 

Order Nwnber: 1121509 

Customer PO: 2252 

BOLNwnber: 55201 

Document #: 

Shipped To: NE 

Use State: NE 

TV He.t Codt/ Heat # Yield TS 

130793 63,980 S3,300 
132181 64,070 81,720 

131905 63,690 81,990 

132182 60,790 78,680 

132182 60,790 78,680 

132183 64,220 82,170 

132189 62,000 79, t20 
130216 63,390 81,100 

129152 62,700 80,900 

129154 61,190 79,690 

130217 64,020 83,600 

130793 63,980 83,300 

130794 63,340 81,340 
130216 63,390 81,100 

129152 62,700 80,900 

129154 61,190 79,690 

130217 64,020 83,600 

130793 63,9S0 83,300 

130794 63,340 S1,140 

130216 63,390 81,100 

129152 62,700 80,900 

2 129154 61 ,190 79,690 

2 130217 64,020 S3,600 

130793 63,9S0 83,300 

130794 63,340 81,340 

~~\llnv(ft. 

~
"\\l v~<t 

,J '~ ..-

~". 
As 0 f: 4/28/10 

Eig C Mn P S Si Cu Cb Cr Yn ACW 

23.0 0.200 0.740 0.0120.003 0.030 0.120 0.000 0.050 0.000 4 
26.2 0.200 0.730 0.014 0.003 0.030 0.140 0.00 0.080 0.000 4 

24.1 0.190 0.730 O.Oll 0.004 0.030 0.120 0.000 0.060 0.000 4 

26.2 0.190 0.730 O.Oll 0.006 0.020 0.080 0.000 0.080 0.000 4 

26.2 0.190 0.730 0.0130.006 0.020 0.140 0.0000.080 0.000 

24.8 0.190 0.740 0.015 0.003 0.030 0.140 0.000 0.080 0.000 

26.5 0.190 0.720 0.0120.004 0.030 0.110 0.000 0.060 0.000 4 
22.9 0.190 0.730 0.011 0.004 0.020 0.100 0.00 0.050 0.000 4 

25.2 0.190 0.720 0.012 0.004 0.020 0.150 0.000 0.060 0.000 4 

24.8 0.180 0.730 0.012 0.006 0.020 0.150 0.000 0.060 0.000 4 

21.8 0.190 0.760 O.Oll 0.005 0.020 0.150 0.000 0.060 0.000 4 

23.0 0.200 0.740 0.0120.003 0.030 0.120 0.000 0.050 0.000 

26.6 0.190 0.750 0.011 0.003 0.030 0.110 0.000 0.060 0.000 
22.9 0.190 0.730 0.011 0.004 0.020 0.100 0.00 0.050 0.000 

25.2 0.190 0.720 0.0120.004 0.020 0.150 0.000 0.060 0.000 

24.8 0.180 0.730 0.012 0.006 0.020 0.150 0.000 0.060 0.000 

21.S 0.190 0.760 0.013 0.005 0.020 0.150 0.000 0.060 0.000 

23.0 0.200 0.740 0.0120.003 0.030 0.120 0.000 0.050 0.000 

26.6 0.190 0.750 0.011 0.003 0.030 0.110 0.000 0.060 0.000 
22.9 0.190 0.730 0.011 0.004 0.020 0.100 0.00 0.050 0.000 

25.2 0.190 0.7200.0120.0040.0200.150 0.000 0.060 0.000 

24.S O.ISO 0.710 0.0120.006 0.020 0.150 0.000 0.060 0.000 

21.S 0.190 0.760 0.0110.005 0.020 0.150 0.000 0.060 0.000 

23.0 0.200 0.740 0.012 0.003 0.030 0.120 0.000 0.050 0.000 

26.6 0.190 0.750 0.011 0.003 0.030 0.110 0.000 0.060 0.000 

2 of 3 
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Figuure A-6. Rail Seection No. 3
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Certifiei' \nalysis ;§ 
Trinity Highway Products, LLC 

425 E. O'CoJUlOr Order Number: 1121509 

Customer PO: 2252 

BOL Number: 55201 

Document#: 

~"" Lima,OH 
As of: 4/28/10 

Customer: MIDWEST MACH.& SUPPLY CO. 

P. O. BOX 81097 

LINCOLN, NE 68501-1097 

Project: RESALE 

Shipped To: NE 

Use State: NE 

Upon delivery, all inaterials subject to Trinity Highway Products, LLC Storage Stain Policy No. LG-002. 

ALL STEEL USED WAS MEL TED AND MANUFACTURED IN USA AND COMPLIES WI1H 1HE BUY AMERlCA ACT. 
ALL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36 

ALL GALVANIZED MATERIAL CONFORMS WITH ASTM-123, UNLESS OTHERWISE STATED. 

BOLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GAL V ANTZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED. 

NUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED. 

3/4" DIA CABLE 6XI9ZINC COATED SWAGED END AISI C-I035 STEEL ANNEALED STUD I" DIA ASTM449 AASHTO M30, TYPE II BREAKING 
STRENG1H - 49 100 LB 

State of Ohio, County of Allen. Sworn and subscribed before me this 28th day of April, 20 10 

Notary Public: ~ ~. Q~VN\.OJ.JJ..A. 
Commission Expires .2.y ~O / ~O ~ 

3 of 3 
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Figuure A-8. Radiuss Guardrail
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Certified Analysis 
Trinity Highway Products, LLC 

425 E. O'Connor 

Lima,OH 

Customer: MIDWEST MACH.& SUPPLY CO. 

Project: 

Qty 

20 

10 

40 

P. O.BOX81097 

LINCOLN, NE 68501-1 097 

RESALE 

Part II Description 

123S3G Tl2I12'616'3/SPEC SLOTSIS 

123S5G TI2I12'61SPECIS 5'RCX 

19361G BNT PL 3/16XI2-5/8X5-112 

Spec 

M- ISO 

M-ISO 

M-ISO 

M-ISO 

M-ISO 

M-ISO 

M-ISO 

M- 180 

M-180 

M-180 

M-I SO 

M-180 

M-ISO 

M-!80 

M-ISO 

A-36 

CL 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

Order Number: 11 21475 

Customer PO: 2270 

BOLNumber: 55149 

Document #: 

Shipped To: NE 

Use State: KS 

TV Heat Code! Heal #I Yield 

129155 61,190 

129 163 61 ,760 
130216 63,390 

2 129152 62,700 

2 129154 61,190 

130217 64,020 

130793 63,980 

130794 63,340 
130794 63,340 

128756 62,920 

129161 63,450 

129162 62,160 

130216 63,390 

130217 64,020 

130793 63,9S0 
60747 66,820 

Upon delivety, all materials subject to Trinity Highway Products , LLC Storage Stain Policy No. LG-002. 

TS 

SI ,21O 

7S,730 
Sl,loo 

SO,900 

79,690 

S3,6OO 

83,300 

SI,340 
81 ,340 

81,360 

81,140 

78,740 

81,100 

83,600 

83,300 

75,200 

ALL STEEL USED WAS MELTED AND MANUFACTURED IN USA AND COMPLIES WITH THE BUY AMERICA ACT. 
ALL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36 

ALL GALVANIZED MATERIAL CONFORMS WITH ASTM-123 , UNLESS OTHERWISE STATED. 

Asof: 4/26/ 10 

Eig C Mn P 5; Cu Cb Cr Vn ACW 

23 .S 0.190 0.730 0.0110.003 0.020 0.150 0.000 0.060 0.000 4 

2S.0 0.190 0.740 0.0110.003 0.030 0.140 0.000 0 .060 0.000 4 
22.9 0. 190 0.730 0.011 0.004 0.020 0.100 0.00 0.050 0.000 4 

25.2 0.190 0.720 0.0120.004 0.020 0.150 0.000 0.060 0.000 4 

24.S O. ISO 0.730 0.0120.006 0.020 0.150 0.000 0.060 0.000 4 

21.S 0.190 0.760 0.013 0.005 0.020 0.150 0.000 0.060 0.000 4 

23.0 0.200 0.740 0.0120.003 0.030 0.120 0.000 0.050 0.000 4 

26.6 0.190 0.750 0.0110.003 0.030 0.110 0.000 0.060 0.000 4 
26.60.1900.7500.011 0.003 0.030 0.110 0.00 0.060 0.000 4 

24.4 0. 190 0.740 0.0120.004 0.020 0.110 0.000 0.060 0.000 4 

26.0 0.190 0.730 0.0100.003 0.020 0.1 50 0.000 0.050 0.000 4 

25.4 0.190 0.740 0.0140.004 0.020 0.150 0.000 0.070 0.000 4 

22.9 0.190 0.730 0.011 0.004 0.020 0.100 0.000 0.050 0.000 4 

21.8 0.190 0.760 0.013 0.005 0.020 0.150 0.000 0.060 0.000 4 

23 .0 0.200 0.740 0.0120.003 0.030 0.120 0.000 0.050 0.000 4 
29.0 0.D78 1.220 0.012 0.006 0.021 0.010 0.05 0.025 0.003 4 

2 of 3 
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Figuure A-9. Straighht Slotted Guarddrail
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Trinity Highway Products, LLC 

425 E. O'Connor 

Lima,OH 

Customer: MIDWEST MACH.& SUPPLY CO. 

P. O. BOX 81097 

LINCOLN, NE 68501-1 097 

Project: RESALE 

Certified Analysis 

Order Number: 1114173 

Customer PO: 2209 

BOL Number: 51036 

Document #: 

Shipped To: NE 

Use State: NE 

~". 
As of: 9/11/09 

Qty Part" Description Spec CL TY But Code! But M Yidd TS Eig C Me P Si Cu Cb Cr Vn ACW 
209G TI2I12·6t6·3lS M-ISO A 125143 61.860 19,920 23.0 0.190 0.770 0.0100-:-004 0])200.f21-----O:OO-0-:oJlfo.OOO 4 

M-ISO A 0113812 60,600 82,200 24.8 0210 0.910 0.0100.010 0.020 0.010 0.000 0.020 0.000 4 

M-I80 A 0113813 52,200 77,700 

M.ISO A 125144 61,890 81,040 

M·I80 A 125145 63,120 81 ,190 

129G 1'5 8X6X3/16X8'~" SLEEVE A-5OO U848 59.523 12,619 

149G 1'5 8X6X3I16X6'~" SLEEVE A-5OO U848 59,523 12,619 

12319G T12112'6/SPECIS 34'RCX M-ISO A 291920 68.500 13,100 

Upon delivery, all materials subject to Trinity Highway Products , LLC Storage Stain Policy No. LG-002. 

ALL STEEL USED WAS MEL lED AND MANUFACTURED IN USAAND COMPLIES wrrn TIff: BUY AMERlCA ACT. 
ALL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36 
ALL GALVANIZED MATERIAL CONFORMS WITH ASTM-123, UNLESS OTHERWISE STATED. 

262 0.220 0.910 0,0100.010 0.010 0.010 0.000 0.020 0,000 

26,5 0.190 0,140 0,0100.000 0.030 0.120 0,000 0.050 0.000 

252 0,190 0,140 0,0100.000 0.020 0.110 0.0000.040 0,000 
28,0 0.141 0.648 0.009 0,008 0,023 0,115 0.00 0,091 0.000 4 

2S.0 0.141 0.648 0.009 O,OOS 0,023 0,115 0,00 0.091 0.000 4 

28.0 0,066 0.120 0,010 0.010 0.011 0.061 0,04 0.026 0.001 4 

BOLTS COMPLY WITH ASTM A-307 SPECIFICA nONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED. 
NUTS- COMPLY WITH ASTM A-563 SPEClFICA nONS AND ARE GAL V ANlZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED. 

3/4" DlACABLE 6XI9ZlNC COATED SWAGED END A1S1 C-1035 SlEELANNEALED STUD I" DlA ASTM4~AASIfl'O M30, TYPE II BREAKING 
S'ffiENGlH - 491 00 LB 

,e I~S list day of September, 2009 Trinity High 

Certified By: A.?AL'? A~" ~_!-Jcd\i ~ { K 

1 of 8 
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Appendix B. Vehicle Center of Gravity Determination 

 
 



Figure B

 

-1. Vehicle MMass Distribbution, Test 
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No. USPBNN-3 

MwRSF Repo
December 16
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Figure B

 

-2. Vehicle MMass Distribbution, Test 
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Appendix C. Vehicle Deformation Records 

 



Figure C-1. Occupannt Compartmment Deform
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ation Index, Test No. US
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Occupan! Compartment Defo!1!!i!ljon Index IOCDIl 

Tes! No. USPBN--3 
Vehicle Type: 82OC/sv.ift 

oeDI = XXABCDEFGHI 

xx = location of occupant compartment deformation 

A = distance between the dashboardanda reference poirtat the rear of the occupantcompartmen~ such as the top of the rearseatorthe rear of the cab on a pickup 

8 = distance between the rwf and the floor panel 

C = distance between a reference point at the rear of the occupant compartment and the motor panel 

D = distance between the 10000r dashboard and the floor ~anel 

E = interior width 

F = distance between Ihe lower edge of right window and the upper edge of IeIt 'Mndow 

G = distance between the lower edge of left window and the upper edge of right window 

H= distance tetween bottom front comer and top rear comer of the passenger side window 

1= distance between bottom front corner and top rear corner of the driver side wildow 

Severity Indk:es 

0- if the reduction Is less than 3% 
1 - if the reduction Is greater than 3% and less than or equal to 10 % 
2 - if the reduction is greater than 10% and less than or equal to 20 % 
3 - if the reduction is greater than 20% and less tha n or equal to 30 % 
4 - if the reduction is greater than 30% and less than or equal to 40 % 

Bl B4 B7 
B2 B5 BB 
B3 B6 B9 

~;d,~ 
""'ere, 
1 = Passenger Side 
2= Middle 
3 = Driver Side 

Location: 

Measurement Pre-Test In. Post-Test in. Chall!le (in. % Difference 
AI 44.50 44.75 0.25 0.56 
A2 45.50 45.50 0.00 0.00 
A3 44.00 44.25 0.25 0.57 
81 38.75 39.00 0.25 0.65 
82 37.00 37.25 0.25 0.68 
83 39.00 39.00 0.00 0.00 
Cl 54.50 54.25 ~.25 -0.46 
C2 59.25 58.75 -0.50 -0.84 
C3 56.00 56.00 0.00 0.00 
Dl 18.25 18.50 0.25 1.37 
D2 20.00 20.00 0.00 0.00 
D3 19.25 19.25 0.00 0.00 
El 49.25 49.25 0.00 0.00 
E3 49.50 49.50 0.00 0.00 
F 44.25 44.25 0.00 0.00 
G 44.00 43.75 ~.25 -0.57 
H 38.50 38.50 0.00 0.00 
I 43.50 43.50 0.00 0.00 

Severity Index 
0 
0 
0 
0 
0 
a 
0 
0 
0 
a 
a 
0 
0 
a 
0 
a 
0 
0 

FinaIOCDI: 

INote: Maximum sevrity Index for each variable (A-I) 
Is used for determkla!lon of final oeDI value 

XXA 8 C D E F G H I 
LF 0 0 0 a 0 0 0 0 0 



Figure C-2. Floor Paan Deformatiion Data – S
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TEST: USPBN-4 
VEHICLE: C2500I2000P 

POINT X Y 
1 31 .25 -26.25 
2 31.25 -19.5 
3 30.5 -14.5 
4 25.75 -5.25 
5 28 -27 
6 28 -21 
7 27.5 -14 
8 22.75 -4.75 
9 21 .75 -29 

10 22.25 -21 .75 
11 22.25 -13 
12 18.5 -2.25 
13 16.5 -27.75 
14 16.5 -21 
15 17 -13.25 
16 14.25 -4 
17 11.25 -28.25 
18 12.5 -19.75 
19 13 -12.75 
20 11 .5 -3.75 
21 25.25 7.25 
22 30.75 19 
23 30.5 27.75 
24 18.75 6.25 
25 21.75 17.5 
26 21 .5 26 
27 12.5 10 
28 12.5 20.5 
29 
30 

9 

JD 13 

17 

VEHICLE PRE! OST CRUSH INFO 
Set-1 

Z X' Y' 
-3.5 31 .25 -26.25 

-4.25 31 .25 -19.25 
-4.5 ::;0.5 -14.25 

-0.75 25.75 -5 
-6.25 28 -27.25 
-6.5 28 -21 
-6.5 27.5 -1 3.75 

-1 .75 22.75 -4.75 
-8.75 22 -29 
-8.5 22.5 -22 
-8 22.25 -13 

-2.25 18.5 -2 .5 
-9.25 16.5 -27.75 

-9 16.75 -21 
-8.75 17 -13 
-2.75 14 -4 
-9.75 11 .5 -28.5 
-9.25 12.5 -19.5 

-9 12.75 -12.5 
-3.25 11 .5 -3.75 

-1 25.75 7.25 
-3.75 30.75 18.5 

-4 30.5 27.25 
-2.5 18.5 6.25 

-8.25 21.75 17.5 
-8.25 21 .5 25.75 
-7.75 12.75 10 
-8.25 12.5 20.25 

10 11 8 

12 
14 15 

18 

X 

Z 

Note: If impact is on driver side need to 
enter negative number for Y 

Z' DELX DEL Y DELZ 
-3.5 0 0 0 
-4 0 0.25 0.25 

-4.25 0 0.25 0.25 
-0.5 0 0.25 0.25 
-6.25 0 -0.25 0 
-6.25 0 0 0.25 
-6.25 0 0.25 0.25 
-1 .5 0 0 0.25 
-8.5 0.25 0 0.25 
-8.5 0.25 -0.25 0 
-7.75 0 0 0.25 
-1 .75 0 -0.25 0.5 

-9 0 0 0.25 
-8.75 0.25 0 0.25 
-8.5 0 0.25 0.25 
-2.5 -0.25 0 0.25 
-9.5 0.25 -0.25 0.25 
-9 0 0.25 0.25 

-8.75 -0.25 0.25 0.25 
-3 0 0 0.25 

-0.75 0.5 0 0.25 
-3.25 0 -0.5 0.5 
-3.5 0 -0.5 0.5 
-2 -0.25 0 0.5 

-7.75 0 0 0.5 
-8 0 -0.25 0.25 

-7.5 0.25 0 0.25 
-8 0 -0.25 0.25 

0 0 0 

25 26 

m][] 
/ 28 



Figure C-3. Floor Paan Deformatiion Data – S
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TEST: USPBN-4 
VEHICLE: C250012OO0P 

POINT X Y 
1 57 -17.75 
2 57.75 -11 
3 57 -6.5 
4 52.25 3.5 
5 54.5 -18.75 
6 54.5 -12.75 
7 54 -5.5 
8 49.25 3.75 
9 48.75 -20.75 
10 49 -13.5 
11 49 -4.75 
12 45 6.25 
13 43.25 -19.25 
14 43.5 -12.5 
15 43.75 -5 
16 40.75 4.5 
17 38.25 -20 
18 39.25 -11 .25 
19 39.75 -4.25 
20 38 4.75 
21 51 .75 15.5 
22 57 27.25 
23 56.25 36 
24 45 14.5 
25 48.5 25.5 
26 48 34 
27 39.5 18.25 
28 39.25 28.5 
29 
30 

VEHICLE PRE/POST CRUSH INFO 
Set-2 

Note: If impact is on driver side need to 
enter negative number for Y 

Z x: Y' Z' DELX DEL Y DELZ 
-3.25 57.25 -18 -3.25 0.25 -0.25 0 

-4 57.75 -10.5 -4 0 0.5 0 
-4 57 -6 -4 0 0.5 0 

-0.25 52.25 3.5 0 0 0 0.25 
-6.25 54 -18.75 -6.25 -0.5 0 0 
-6.25 54.75 -12.5 -6.25 0.25 0.25 0 

-6 54 -5.25 -6 0 0.25 0 
-1 .25 49.25 4 -1 0 0.25 0.25 
-8.75 48.25 -21 -8.75 -0.5 -0.25 0 
-8.5 49.25 -13.5 -8.25 0.25 0 0.25 
-7.5 49 -4.5 -7.5 0 0.25 0 
-1 .5 45 6.5 -1 .5 0 0.25 0 

-9.25 43 -19.5 -9.25 -0.25 -0.25 0 
-8.5 43.5 -12.5 -8.5 0 0 0 
-8.5 44 -4.75 -8.25 0.25 0.25 0.25 

-2.25 40.75 4.75 -2.25 0 0.25 0 
-9.5 38 -20 -9.5 -0.25 0 0 

-8.75 39.25 -11 -8.75 0 0.25 0 
-8.5 39.75 -4.25 -8.5 0 0 0 
-2.5 38 5 -2.5 0 0.25 0 

-0.25 51.75 15.5 0 0 0 0.25 
-2.25 57 27.25 -2.25 0 0 0 
-2.25 56.75 36.25 -2.25 0.5 0.25 0 
-1 .5 45 14.5 -1.25 0 0 0.25 
-7 48.5 26 -6.75 0 0.5 0.25 

-6.75 48.25 34.5 -6.75 0.25 0.5 0 
-6.75 39.5 18.5 -6.75 0 0.25 0 

-7 39.25 29 -7 0 0.5 0 
0 0 0 

\"---____ -----'7 
9 10 

13 14 

17 18 

DOD 

1 

5 
19 

z 

23 

2 
24 

27 28 

/ DOCR 



Figure C-4. Occupannt Compartmment Deform
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Occupant Compartment Deformation Index IOCDn 

Test No. USPBN-4 
Vehicle Type ; C250012QOOP 

OCDI = XXABCDEFGHI 

xx = location of occupanl compartment deformation 

A = distance between the dashboa"d and a reference po.,t at the rear of the occupant compartment. such as the top of the rear seat or the rear of the cab on a pickup 

B = distance between the roof and the floor pan 

C = distance between a reference point at the rear 01 the occupant compartment and the motor panel 

o = distance between the lower dashboard and the floor panel 

E = ontenor v.ldth 

F = distance between the lower edge of right window anc the upper edge of left window 

G = distance between the 10000r edge of left window and the upper edge 01 rlgllt window 

H= distance l>etween bottom front comer a nd top rea, comer of \lie passenger side windo" 

1= distance I»tween bottom front corner and top rear comer 01 the driver sKle window 

Severity Indices 

o -if the reduction is less than 3% 
1 - if the reduction Is greaterthan 3% and less than or e~alto 10 % 
2 - If the reduction Is greatertha n 10% and less than or equa Ito 20 % 
3 - if the reduction Is greater Iha n 20% and less than or equa I to 30 % 
4 - if the reduction Is greater tha n 30% and less than or equa Ito 40 % 

__ ----r~At,2.3 _t1--_ 

where. 
1 = Passenger Side 
2 = Middle 
3 = Driver Side 

Locatlon : 

Measureme:nt Pr .... Test In. Post-Test In. Change in. % Difference 
AI 36.75 36.75 0.00 0.00 
A2 39.25 39.00 -0.25 -0.64 
A3 38.75 38.75 0.00 0.00 
81 44.00 44.00 0.00 0.00 
82 39.75 39.75 0.00 0.00 
53 44 .25 44.25 0.00 0.00 
Cl 58.75 58.75 0.00 0.00 
C2 51.50 51.50 0.00 0.00 
C3 57.00 57.00 0.00 0.00 
01 21.50 21 .50 0.00 0.00 
02 16.50 lS.50 0.00 0.00 
03 22.75 22.50 -0.25 -1.10 
El 62.50 62.25 -0.25 -0.40 
E3 63.50 63.50 0.00 0.00 
F 56.00 56.00 0.00 0.00 
G 56.00 55.75 ·0.25 -0.45 
H 40.75 40.75 0.00 0.00 
I 40.75 40.75 0.00 0.00 

Severity Index 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

FlnaIOCDI: 

INioto : Maximum sevrlty Index for eac~ variable (A-I) 
Is used for determination of final OCDI value 

XXABCDEFOHI 
lFOOOOOOOOO 
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Appendix D. Accelerometer and Rate Transducer Data Plots, Test No. USPBN-3 
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FFigure D-1. 10-mms Average Lonngitudinal Deceeleration (DTS),, Test No. USPBBN-3 

M
w

R
SF R

eport N
o. TR

P-03-244-10

 

D
ecem

ber 16, 2010 

6 

4 

2 

0 

-pi 
s 
c -2 

~ 
IV ... 
IV 
OJ -4 
u 

~ 
-6 

, 

-8 

-10 

-12 

.-
-14 

-16 

0 

Longitudinal CFC 180 10 msec Extracted Average Acceleration - DTS 

USPBN-3 

... ~~ ~ 

~ J.JVy, .A ~ 
I~ 

~ V~ V-'~ vWVV 

~ 

I I I I I I I 

0.2 0.4 0.6 0.8 

Time (sec) 

1.2 1.4 

--CFC180 Extracted 10 msec Average Longitudinal Acceleration (g's) 

-

-

1.6 



 

 

111

FFigure D-2. Lonngitudinal Occuppant Impact Vellocity (DTS), Test No. USPBNN-3 
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FFigure D-3. Lonngitudinal Occuppant Displacemment (DTS), Testt No. USPBN-3
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FFigure D-4. 10-mms Average Latteral Deceleratioon (DTS), Test NNo. USPBN-3
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FFigure D-5. Lateeral Occupant Immpact Velocity (DTS), Test Noo. USPBN-3 
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FFigure D-6. Lateeral Occupant DDisplacement (DDTS), Test No. UUSPBN-3 
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FFigure D-7. Vehhicle Angular DDisplacements (DDTS), Test No. UUSPBN-3 
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FFigure D-8. 10-mms Average Lonngitudinal Deceeleration (EDR-33), Test No. USSPBN-3
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FFigure D-9. Lonngitudinal Occuppant Impact Vellocity (EDR-3),, Test No. USPBBN-3 
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FFigure D-10. Loongitudinal Occuupant Displacemment (EDR-3), TTest No. USPBNN-3 
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FFigure D-11. 100-ms Average Laateral Decelerattion (EDR-3), TTest No. USPBNN-3 
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FFigure D-12. Laateral Occupant Impact Velocityy (EDR-3), Testt No. USPBN-3 
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FFigure D-13. Laateral Occupant Displacement (EDR-3), Test NNo. USPBN-3 
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FFigure D-14. Veehicle Angular DDisplacements ((EDR-4), Test NNo. USPBN-3 
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Appendix E. Accelerometer and Rate Transducer Data Plots, Test No. USPBN-4 
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FFigure E-1. 10-mms Average Lonngitudinal Deceleration (DTS), Test No. USPBBN-4 

M
w

R
SF R

eport N
o. TR

P-03-244-10

 

D
ecem

ber 16, 2010 

10 

5 

en 
S 
c 
0 

0 ::: 
IV ... 
IV 
OJ 
U 

~ 

-5 

-10 

-15 

o 

Longitudinal CFC 180 10 msec Extracted Average Acceleration - DTS 

USPBN-4 

. ~ 

0.2 0.4 0.6 0.8 

Time (sec) 

1.2 

--CFC180 Extracted 10 msec Average Longitudinal Acceleration (g's) 

1.4 1.6 



 

 

126

FFigure E-2. Lonngitudinal Occuppant Impact Vellocity (DTS), Teest No. USPBN-4 
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FFigure E-3. Lonngitudinal Occuppant Displacemeent (DTS), Testt No. USPBN-4
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FFigure E-4. 10-mms Average Latteral Deceleratioon (DTS), Test NNo. USPBN-4 
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FFigure E-5. Lateeral Occupant Immpact Velocity (DTS), Test Noo. USPBN-4 
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FFigure E-6. Lateeral Occupant DDisplacement (DDTS), Test No. UUSPBN-4 
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FFigure E-7. Vehhicle Angular Diisplacements (DDTS), Test No. UUSPBN-4 

M
w

R
SF R

eport N
o. TR

P-03-244-10

 

D
ecem

ber 16, 2010 

8 

6 

4 

C; 
Q/ 

~ 
I/) 2 <OJ 
C 
Q/ 

e 
Q/ 
(.) 
IV 0 Q. 
I/) 

0 .. 
IV 

'5 -2 
Cl 
c 
< 

-4 

-6 

-8 
I) 

/\ /\ 

~ ~ 

~ 

Eu ler Angu lar Displacements - DTS 

USPBN-4 

/ '\ ... / ~ 
I \J' IV \ 

, /-Ai \ r \, , I , 

/ / 
/ 

~ Y'Wi 
\ ~ / Pitch 

~ / 

~ "----V ~ 
1'\. /" 
~ ~ 

0.2 0.4 0.6 0.8 

Time (sec) 

/ 

\ -- Roii / --- --

\ 
\ / 
)( 

~ \ 
1'--/ 

1.2 1.4 

-Euler Yaw l!J (deg) - Euler Pitch 8 (deg) - Euler Roll <p (deg) 

1.6 



 

 

132

FFigure E-8. 10-mms Average Lonngitudinal Deceleration (EDR-33), Test No. USPPBN-4 
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FFigure E-9. Lonngitudinal Occuppant Impact Vellocity (EDR-3), Test No. USPBBN-4 
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FFigure E-10. Loongitudinal Occuupant Displacemment (EDR-3), TTest No. USPBNN-4 
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FFigure E-11. 10-ms Average Laateral Deceleratiion (EDR-3), Teest No. USPBNN-4 
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FFigure E-12. Laateral Occupant Impact Velocityy (EDR-3), Testt No. USPBN-4
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FFigure E-13. Laateral Occupant Displacement (EEDR-3), Test NNo. USPBN-4 
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FFigure E-14. Veehicle Angular DDisplacements (EDR-4), Test NNo. USPBN-4 
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