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I INTIWDUCnON 

1.1 IJ:I�kground 

Approach guardrail lransilions are commnnly uscd 10 provide slruclural conlinuily belwNn 

a flexible guardr"il �ySlem adj�ccrlt to the roadway and a rigid railing �ystem localed at the edge of 

a bridge deck. Typically, approach guardrail transitions arc designed to incorporate a gradual 

Increase in Imeral stiffness in "rdcrlO reduce the potential for an imp�cting vehicle to sHag or pocket 

near the end of the bridge rai Ii ng. In Ihe pas\. the increase in Imernl stiffness h�s been accompl ished 

by lI1eorporating one or more of several acceptable methods. COllllllOn nlCrhods for increasing the 

lateral Stl fiilCSS include providing a reduced post spacing, lengthening the posts in order to increase 

�Illbedlllent dcplh and IXlst-SOrl forces, using thrie beam rai I in place ofW -beam rai I, and nest ing the 

guardrail beams. Rubraik typically cousistingofeithera steel ch�IHlel  or W-beam rail placed belnw 

the malll r�il. als" have 1><..-':11 l'scd to ciiminme the potential for wbeel snagging on the upstream end 

of a rigid hridge railing. 

Since the mid-' 'l80's. several research studies were conducted to develop. cr"sh test. and 

evalume tr""sition designs that incorporated the COmmon strcngrhemng techni'lues. As a resull of 

tbese crash tesl programs thm were I�rgely hascd u" crash teSlS with passenger sedans, several 

transition designs were found to be ilcceptaill" acc""ling t0 the el'aluation criteria found in Ihe 

National Coop<:'iltive High"'''y Research Program (NCIIKI» Keport No. 230 Recommended 

Prm:edllrt!xfi'" Ihc Slifely !'a/"rll1llnce £ l'o/umil.m '!llligh"'''J' AI'f'ur/{'mmce.,· U). TIlese crileria 

required that the Iransition sy;;tem perform acceptably when crash tested with a 2,041·lb scd�n 

i mp;lcting al a sp<:ed of %.56 � mlhr auJ an angle of 25 degrees. The i rnpacI location for this cra�h 

le,t was spe�ilicd to be 4,572-rnrn IIpSlre;1Il1 l'OIn Ihe SC�'\I\(I system '" hri"g� ",iling 



In 1<)<)3. NCllRP pufllished Repon No. 350 Raomm"m/ed Proc'edweI jor 111" SafelY 

PCljiJJ'Tllml(.''' El'II/umion of lIiJ.!lIwlIY F<'<II ur,'I \\ hich includ�"<l revised crash test pmcedurc� imd 

evalualion crilcri" (," approach guardmillran"liuns (2l Due 10 Ihe r�'<:tnl incrcase in popularity of 

Ii ght tnld s ilild sporl uli I ity \'th ic les. the sedan test vehicle "'as rtplaced with a �.-!On pickup (mek 

having a mass of 2.000 kg, Al(hough (ht iU1P;ICl angle remained (he smne. Ihe imp.1cl speed 

]Ilcreased ('Olll 96.56 kmlhr 10 100 kmlhL 111 �dd;lion. (he impac! localion is now (0 he dCI�rmined 

as Ihe predicled worst case location reftrred to as the crit ical impael point (C I I'). General guitlcl ines 

t')r determining ('II"� �re pmvided in NClII�P 350 in the (,,,m of graphic,,1 chans and (abies. 

1J0wever. it is r�,<:ommended (hm the ('II' I>c determined by performing COmpU(Cr simulation 

model ing oflhe speei fic approach guardrail (ransition system, The mos( eOnunOn eompu(er program 

used in the anillysis and design of approach guardrail (ransitions ,� (he 2-dimension('I. dynamic 

nonlinear fini(e-element code calk"<lIlARRIFR VII en. 

FollowlIlg (he adoptioll of lhe NCIJRI' 350 guidelines by (he Federal Highway 

Administra(ion (FIIW A). Slak Highway Agencies will soon be required 10 lise Iransilion de�igns 

t h,11 mte( NC I I  R I' 350 s<.fc(y Slundards_ Th�refore. exiSling lransilion designs previously cnoshed 

t�sted with s<:d,ms "cc",ding t<> NCHRI' 210 guidelines mUSll>c re-evilluilk"<l using pickup (ruck 

crash tests according 10 Ihe new NCIIRP 350 impae( s(andards. 

1.20hjective 

·1l1� ubj<:c( ivc of (his rcscar�h projec( was (0 de(ermi ne (h� CiP for IWO approach guardrail 

, 

transi(ion designs (hal ",illb.:: iakr crash (ested using (he TeSI LC\'el 3 (TL�J) impad cnnditlons of 

NCIIRI' ,SO. rhc tirst tr.m�il"'n system. eOllsisting or ,{ neswd W-I>cam upper rail and" lower 

rubrail, is supporled hy s(eel p<lSlS Wilh a reduced p<lSI spacing_ This lransition design is attached to 

2 



a sarely �h�rc eoncrete bridge ffillmj(. -niC ..... 'Cond transition system, consisting of a l1C5Ied tllrie 

ocam l1ul and a backup sted tuocl, is supP"rlcd by slt-el posts "ilh a specia l POSt SpaClllll This 

tmnSII"m s�st�m is aHach<.·d In" concrele I>"Ur.:ss wnh a nar<,d <'lid seCti.ll1 

I.J Scope 

The s<':(lPC of this projt.-.;t was complcled b� perfonnillg " series of computer sil11l1lm ion runs 

wilh r'ARRII·K VJI 10 idcllIif� 1he CII' olnlllllhe lellglh of cach transition section Fill�lIy, the 

simulmiOil n.":Sults "-ere anJI)' ad. c\'uillmed. and documented. 

, 

) 



2 IH:SIGN IH:TAILS _ Nf,STIW \V-ImAM TRANSITION 

The firsl lr.msilion syslem, shown in Figures I and 2, consislcd of an upper rail and a lower 

rubrail in lhe transition region. ]"]1<) up�r rall was conslmcted Wilh ncsled. 12-gallge W-bemn and 

single 12-gauge W-beam, while lhe lower rubrail was fabricaTed from 11'.'0 different rail sizes _ a 

CI52x12.2 channel rail and a special bent plate rail SCClioll. The guardrail in lhe transition region 

was supported hy t\\O sizes of wi(le-flange �Iecl poSts. Post nos. I and 2 were \V20Jx 19.3 hy 2,286-

mm long, Ilhilc post nos. J through 9 Were W152x13.4 hy 1,981-01m long. The POSI spacing, 

slnrting al the upstream end of the eoncrcte bridge railing, consisted or one at approximately 302 

mm, fOUT al 476 mm, and fOllr at 952 mm. i\ schedule 40, lSO-rnm long SlrllclUral Sled spacer tube 

with a 168.3-111111 ""Iside diamelCT. WaS placed behind the neslcd \V-beam rail and On Ihe Iilce oflhe 

concrete end seelion. The transition design was anaehcd 10 a $<Ilety :;hapc concrete bridge railing. 

4 



--.r.:" � i-" 
, 

I 0 
l :! - 9', lJ ,!l 0 

-­. --
._--.� 

---... - -.... 
-- --

-- . .. . ,.,.,. - ,-_.-
--. 

, 
.. . ... -
-' ... - - - _. "" 1.,_-

i 
- ,. -.. •• 

-

- ' -

Jlr1" •• 

"' :::::::�-;'-� ... :::,,� .--':::-'::'''::.::::::::::;::::::::::;:::: .,. no .tII no ... <to 
." ..... - .... - .... _ J;._ --""' - • .oJ ' ..... ,, -
---.-- . --- "' ''''' - '-

1 
-�-:;:::=:::-': ... -

...... -­---- ----­. _ -

---_ ... _._ . ,,_ .. _­.... ro_ .. _ 
JI -. "". " .. -... _--, 

..... , ... ' ... - ---<�. -_ .. - ,,., .. 

... _-, 

� ... -._ .. -

--

' ... _-_._­........ _--_ ... --_ . . _-_ ... _. -... -

---"' ---' .. ,,,,,,_._­.. '_ ....... --- -- • .. _ ...... . 
-- - " ... . 

Figure I, La)'ou! and Design �!ai1s for Nested W-Beam Transition 

..-

_ ... __ . .-. .... t_ 01' .. ... .. ____ '" , ....... � .. ---,.,­---. .. , ....... _-..,.,_.'" 
_ .... _,_._ .. -�-- .. -,-< -- --,,-,_ .. _u._._ ... ____ 

< . ... _._ .. _. __ .. -"-' �---", .... -
_ .. _ .. _.,.. .. _ .... -� ,..--.,",-�",­,--�- ... ,,-­-"" ... ... ... -

-



I 

• 

... '--­.. -
• 

" 

--

+, 

n. �;r_-� -=:"��= __ ... _ 

, E�J·(;��:::::::;;:::::::::��J::·�· :·:-::--::�::l .��.e( II .. -' -F 40- I� 
:IIi Jl..MJ:'� 1'1:1 ------'-- ,. � 

..J't.. f,C'o''''''' 

""'--'" .. _---

IJOT �Ar( _loll. 

+'/ 

Figure 2. Design Details for Nes�ed \V-Beam Transition (Continued) 

.­--

.- -
wooo ItOCKOOT 1011 FlJ81Wt AT ."'L 

. , 
11 

.­
--

" 
• 

.� 
'()II -.... AT /'OSTS 

. -. 
--

' ... " �.-.,,,, .'" ',,"",'''' " .. 

" . 

._ .. _--_ . 

. ,-- .. _ .. _­
_ .... _----
'-""'--"­-----



J COMl'UTleR SIMULATION - NESn�1) '\'-lmAI\1 TRANSITION 

3.llntroductiou 

COlllpulersimulation modciing \\ilh BARRIER VII Q)WilS pcrfomled to analyze ilnd predict 

the dynamic perlonnanee oflhe approach gllardr"il tTilllsitioll systemS prior 10 tillk;caic vehicle 

cra,h lesting. Computer si Olliialion was a1>o lIscd 10 determine the critical illlpact p<:>im (CI P) for Ihe 

n",ted W ,beam approach gU.1r<irail transi I iOI1. S�veral simulmions wen: coudllcted modeling n 2000-

kg pickup truck Impacling at a speed of I 00.0 kmlhr and at an anglc of25 degrees. 'nle 13ARRIER 

VII finite elcmcnt models of Ihe approach gUJrurai Itransilion �ystems as wcll as Ihe idealized finite 

clement, 2-dllnensinnill vehicle model for the pickup truck arc shown in Appendix A_ Typical 

comp"wr simulmiol1 input dma files for Ihe n�stcd W-bc,nn Iran"lion syslem and pickup truck are 

shown in Appendix B. 

3.2 Simulation I(esulfs 

FourlCCu compuler sinHllmion nms \\cre performed on two conliguralinns or the neSlcd W, 

I:><:am "ppr""ch guardrail transition, as shown in Tablcs C - 1  and C-2 or Appcndix C. The firSI seven 

run� were conducted using a rigi,! post s"ppot1 in place of Ihe sted srmeer tube. -lllC laSI scven nills 

wcre pcrformed ,,�ing a Ilexihle POSI suppot1 10 represelll thc st.:ci spacer tul:><:, Th.: �imllla1ioo 

r�sllits indicakd thm Ihe approach gl�1rurJi Ilransition systcm wOlild 'imi�ra.C1only redirectthc 2JlOO­

kg pickup truck, In addition, �II stnJdur�1 hardware was predicted 10 remain functional during Ihe 

vchicle impncl with the ,lppro,lCh guardmil lransition systtm 

Following Ihe analysis of Ihe simulation resuits. the ell' was determined to occur for a 

pickup Imd-.. illipaeti ng I ,90S-mill upstream, ,r the c.:nt�rI inc of the sled -'pacer luhe. The m<lx Imum 

d yuanllc ami p,:rl\lal\�nl SCI .Idled inus or I h� "PI"" W -he,,,u rail, as m�"s"rcd 1;-<1m I he mad way 

7 



surface wlhe ccnler of Ihc raiL WNe lJ 3 mill and 9-4. respt.-clivdy. The maximum 0,0 I O-Sl.."<: average 

Imeral and longi1udinal d�"<:elcralions were 13.6 and 13.3 g's. respectively. Tne peak 0.050-sec 

aver;'g" impacl I,>rce perp<)ndiclIlar W the appro.1ch gllardmi I transition was 2R2.1 k N. '111e pickup 

tmck became pamllcllO the appro.'Kh gU;lHlrail trJnsition at 0.203 sec with a velocity of7SA kmlhr. 

At 0.266 S<."tO after impact, the pickup tnlck e�ited the approach guardrail transition with a \-elocity 

of 72.2 km/hr and at an Imgle uf 5.0 degrees. 

8 



4 1l�':'''I(;N n�: I AII�". N��' n]1 TIII{I�: nEAM TIMNSITIC IN 

The :s<."Cond cransicion s)scem, shoown '" Figures J chroug h 8, consisced of a thr;e beam rail 

!ind U sp<X'al euhe backup mil III ehe InlllSicUIlI rcgiOlI. The corrugated mil was (:ollSCl1lclcd wich 

Ilesled. 1 2-g auge chrie beam which was 3.81O·mm long. The special badllp mil. rnhricm�x1 from 

I 02-111111 � I 02-mll1 x 7.9-11,'" AS I'" I A 50() ( ir",l" II sl rllcclll",1 sk...,l llIhi Ilg. "ilS 111"1>'1 inlled hctwecll 

[lOSl lio. I and che upstream cnd oflhe conC!"l:tc hutlrcss. F ahriealt:d sceel hardware "�IS us cd al each 

end ortlle lube member 10 pro\l(k a rigid uliachm(,llt Timber bloclwulS were Dliachcd 10 lbe lop and 

OO1lom surfoces "flhe cube mt'mber co 3110\1 fo r a cimb.. .... spacer 10 be uS/..>d 10 block Ihe r.;1I1 away 

from che luheal a localion of952·",m downslream of [lOst no. I. This timber slxlCer ond backup cube 

mil cnlllhin:tllun was used 10 si","IUle a gu:tnJmil POSI in Ihe SP"" were" po,l could nul be Inslalled 

due 10 the exist!:""e of Ihe hridgc suhslnlccurc. The gu"rdrail in the cransicion rCl�ion W<lS supported 

hy IWO s'lCsofwide-flange sled pusls. I'uSI lli'S. I and 2 were W152x37.2 hy 2.591-111111100g. while 

[lOSI nos. 3 Ihrough 6 w(Ore W152x22.3 by2.114-mm long. Tbt: posc sp acing, stortinga l th<.: upstream 

elld oflhe concrele ht'l1ress. cons'�tl'<i of one al appro�inlately 296 nlnI. Ii,ur at 952 nlnI. aod one 

aI 1.905 mm. The transition design was ul1achctl co aconcrete bunrcss which can be uscd wllh either 

sufety shapo:. rL"Ccaogular. or Ofll'll concr�l� hridge rnillng syscems . 

• J 
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5 COMI'Un:R SIMULATION - NESn:1) TIIRI E U"AM Tll,\NSITION 

S.llnlrodu(·tiuli 

Compu1er SilllUblulIl modeling Wil h flA R R I ER VII ill was pcrfonu( __ IIO anal)"?): and predict 

the drnamic pcrfonnance of lhe approach guardrml lransilion systems prior to full·scale ,"chide 

crash l("Sting. C "mputer silllllial lOll was also u.sed 10 dclenllltle lite eruiclll llllPllCl poun (CII') for lhe 

IIc,led thri" ",,:un "ppr<);lch gll:mlr�il Imnsll"m. Sev�r.,1 silllulaflons WCI"\! e.mduc\ed modeling a 

2000-kg pic�llP Iruck impacling al a s","'<:d of 100.0 knvln imd al un angle of 25 degn."es. The 

IJI\KRII'R VII timle elemenl model of Ihe llppmach guardrail transllio" sySlem is showrl III 

Appendix D A lypical computer simulalioo Input data file for the rlCSted Ihrie beam transition 

syslelll and pkkup InICk arc sll<)wn in Appendi� E. 

5.2 Simulation I�csulls 

Six COm puler simulation runs were performed on lhe nested thrie beam approach guardrail 

Imrlsilion. as shown irl Tabl" F-I of Appendi� I· The simulation rcsnl1s indicutt'ti Ihat lhe approaeh 

guard mil Imnslllon system \1""ld saiisfaclOrtly 1\."Jin.'C1 lhe 2.000-kg pldul) lruck 

Following Ihe llllalysls of the simulillioll results. the ell' was dClcrmined 10 OCClir for a 

pie�up true.k i 1ll1"1C1 illg I .725-1111ll Upsl realll "f Ihe mpcred collcrclc �lId S<.'CI ion or m Ihe llIidsP.lll 

locallon of p"�l 1105. I lind 2. The maximum d}·lIumie and pemlallCliI sct denCCllons of lhe lhne 

beam mi I, as """:lSured from lhe road\IlI) surface to the cenler of Ihe mIl. Were 170 mm and 141, 

rcSpccl i.ely. The IIll1xilllUIil 0.0 I ()..sec al'emllc 1"leml lllld IOllgilud iUl11 d�"(;clerullons were 12,5 and 

IJ,J 1:'5. rC�P<'cli\'cly. The peak 0050·><,c ll\'eragc ImpaC! force perpendicular 10 the approach 

gll�rdmil lran"W>I\ I .... S 133 II �N. fhe pic�lIp lruck became pardllcl I" Ihe approach guardraIl 

Imnsit;on 31 () 1'13 S\.'C with" ,docil), of67 II �lIt1hr. Al 0.325 s..'C afler illlp."lCl, lhe pickup trud 

16 



exiled llle approach guardrail lnlllsilion with a velocily of 64.9 �m/lir and at an angle of ! J.J degrees . 

• 
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6 SUMMAI{Y ,\NIl CONCLUSIONS 

rwo approach guarumil lmnsilions "cre modeled Wilh HARRIER VII in order 10 determine 

the CII' for each "yslem. The computer simulalion modeling was pcrfonned according 10 dIe TL-) 

impacI condilions found itl NCIlRl' Repon No. 350 (2). For Ihe nCSlcd W-beam system with 

anacllcd nthmiL lhe (II' was dc1emlined to occur for an i,np"cl 1.905-mm upslream from Ille 

centerline of the sleci space tnbc. For the nested thrie beam system with attached lmckup steel lUbe, 

lhe CII' was dCtcnnllled to occur lor an Impact between poSI nos. 1 and 2. 

' "  
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Table C-I Computer Simulation Test Matrix and Results for NeSled \V-Beam Transition without Crushable Spacer Tube 
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.'" 

NWRIU' 37'3. 75.00 4':>4 �.18 SOU9 l.81 '" I.7S N. Ty�<' no.bra,1 R'rlO .... PJIOfI po .. 
• "" 

1'WRR6 39�0 6S 6�j '" '" 38� 1.76 '" 1.10 N. T)-S'rumil 
... 

R'lIid $Upport PO<' 

NWRRi �I 41 5615 268 144 n08 US om 148 N. T)-S' ",brail "'-iitid .upport po'{ 
.. " 

Loni,{l!dinal di$Wlct mCa$ured from ""pacl Ioca""" to ceRteri,� of >leel .pace lUbe 
R.�",. no< d,rr.",nco ,n \\'·beam d"plxcment bet,,«" rail R<><Ics 51 &lid 53 i. uoed whelp prcd,OI pookctlni or "'agging when ... h,d. node 3 ",a.che-s roil node 53 
A»um.d cnucal ""pac! PO"" (elPj 



Table C -1. Computer Simulation Test Matrix and Results for Nested \V-Beam Transition with Crushable Spacer Tube 

\\··Beam Deflection Wh.n 
Test No I",pact Impact ).1.,,,m"m Maximum Maximum Vehicle \'.od. 3 N.ar W·&am Transition Rtma,k> 

r-<od. Distance' III ·&.m Vv·Beam W·Beom l'ode 53 Pos" 
(m.) D" namie Perman<nt S<1 Ten,ion Remo,·.d 

Ditl<�uon Defleetton (�lpl) Dltrina 
(in .j (in) o(in)'" o(in) 1i N. SimulatL"" 

I'ode 51 Nod. 51 o (in,), 

NWRRJ\.11 2930 , 12,50 7 2 7  402 8099 "' "' NA No Ty-5' rubrai', 
po<1LlSM 

Crushahle support 

NWRRM2 31 3" 103 I2S 6.23 3.34 70.72 "' "' NA No T)-5' rub"il Cru,hablt 'uppon 
post used 

NWf\R.\i3 33 3� 9375 S6� 2,93 57.84 NA NA "' No Ty-5'rubrail. Crushable .uppon 
post used, 

NWRRM4 35 36 84.315 5.�g 3.20 48,15 H2 3 47 0 .95 No T)-5' rubf.il Cru'hable ,uppon 
po5t u,od 

NWRRJl.-I5' 31138 75,00 5.23 3.69 50.96 5.2Q 448 0.72 No Ty�5' rubrai!. Crushable ,uppo<l 
po51 used 

NWRR."16 39 40 65625 5.69 4.77 74.75 5.43 '" 0.47 No T y-S' ",brail, Crushable ,upport 
post used, 

NWRRM7' 41 ." 56�S '" '" 11/39 5,34 5,}0 O� ", T)-S" rub"ii Crushable ,uppon 
po,t "sed 

Longitudinal distan« measured from imp.et location to 'onterline of stc<1 'pace (ube 

R�lall\'� net difference III \\'-beam di'placem<nt betw�en foil nodes 51 and 53 i, u!;<d to h.lp pfedict pocketing Of snagging when "�hicle node 3 ",,,,,he, rail noo. 53 
A"umed ",(ie.1 impact point (el?), 
During ,imulation no. NWRRM7. the suppo" 1""( ".-as remo"ed from (h. model. Thi. occurred after the dynamIC 'ail dtfl�"i(}n at nod. 53 ."eede<lthe post deflection !tntit 
of6 in which "'os b.sed on the ayoilable crush distance of the ,{eel 'pacor tube Ho"ever. the model was not 'O\i<ed "nee the po'{ den�tlion limit W", not .xc«ded In (he 
pr�v;ou, stmul.tion runS 
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Table F·I Computer SImulation Test /'.Iamx and Results for Nested Thrie Beam Transition with Backup Tube Rail 

Wheel Snai I'Qlential On Conerele End Sc<tLon' 

T"INo Impacl ImpacI MaXImum M .. imum Ma"mum 
''* Disun,. Thrie Beam Th". Beom Throe Bum 

(in,) D)1WtIot: Permanml s.el Tm�1OI\ 
DeflecllOll Dtllection (kIps) Ii(in) ,)(In) 

"'.;I (Ill ) (Ill.) Stttl Run Rubber T"" (Y, ) 
LaleBI Imcanc. !.at.ral Distantt 

NEBT.'Rlf"-l6B2 " 17.50 6.�3 BI 9942 425 5.0S N 

NEBT2RL�;B� " 781 �5 . "  5,57 12197 q8 6,05 N 

NEBT.'RUNIB2 " 68,75 6,71 ,� 1)$.16 0.0, 6.26 N 

NEBT.'RlJ'i2B2 " .19.375 . "  S.52 13H2 S,<l7 5.73 N 

NEBTlRtJ};3B2 " 50.00 6.07 542 130,13 54) 4.2S , 

NEBTlRL,,\4B:.' " 40625 S41 , ,. 12006 384 2,OS N 

• Longiwdin.l di".n,. mUiUred from ImpacI location 10 ulnman, end of tOptr.d COncr.l. end ""ctioo, 
_ The upltrtom end of the lapered coocrele end ""ction I. po5illooed 'WO�lmll.l) 8 on IWI)' f'{HTl the front face of In. concrete burn ... 


