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DISCLAIMER STATEMENT 

The content!; of tbi!; repon refleCl the views of the autbO!3 who are responsible for 

the factS and a..cur.tcy of the data presented herein. The contents do not neJ;eSSari!y reflect 

the official views or policies of the Utah Depanmem of Transponation or the Federal 

Highway AdminisuatioD. This repan does not constitute a standard, specification or 

regulation. 



A.8S1'RACf 

The breakaway luminaire support concept has e>:isted for many years and has proven 

to be a very effective safety device. The 4-OOlt breakaway slipbase design was orig.inally 

developed in the Slate of Utah and has been very successful io 20 years of field 

implementation. The State Tramponation Departmenlli of Utah, Montana, Idaho, Wyoming, 

and Nevada requested that the 4-0011 breakaway system be evalualed for possible use on 

Federal.aid highway projeClS. Two full-seAle 1,800 Ih vehicle crll.~h le$l$ were cnnducled. 

Both leSIli had a centerline impact location; Test USBLM-I wa.s conducted at 15.0 mph and 

Test USBLM-2 was conducted at 57.5 mph. 

The full-scale vehicle crash tests were evaluated according to the performance criteria 

in NCHRP Repon 230 and the \ \185 AASHTO Specifications for SuucturaJ Supports. 

"Design Standards for H ighways: Standard Specifications for H ighway Signs, Luminaires and 

Traffie Signals,' Federal Register, 23 CFR 625. which is an update 10 Ihe 1985 AASHTQ 

Specifications, was also uscd in the evaluation. 

The teSIli easily met all of the oileria SCI fonh by the publications mentioned above. 

As a result of this, the safelY performance of the 4-boh breakaway slipbase design was 

determined to be satisfaClOry. 
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I INTRODUcnON 

1.1 Problem StAtemeot 

At the request of the Utah Department of Transportalion and the Stale 

Transportation DepanmenlS of Montana. Idaho. Wyoming and Nevada. the 4·0011 

breakaway slipbase design was evaluated for po~ible use on Federal·ald highwllY projects. 

1.1 Ba~kgrou lld 

The breakaway concept, whicb bas existed for many yean, has recently been lesTed 

under a oomprehensive prOil1lDl at the Federal Outdoor Impact Laboratory. The previous 

lesling wu conducted on the 3·boh breakaway slipOOse design. These designs and the lest 

re5u115 3fe shown in Appendix A. 

The 4-0011 breakaway desIgn conCept was originally developed in the SUite of Utah. 

In nearly 20 years of field implementation. this design bas proven 10 be very successful: so 

successful, in fact, thaI in mOSI c:ues tbe vehicle and lIS occupants were able w drive away 

from the scene of the accident, esctping iCrious injury. 

1.3 ObJtc:lh1! of Study 

The objective of the research SNdy was 10 evaluate the safety performance of the 4· 

boh breakaway slipbase luminaire support by conducting two ful1'!I('ale vehicle crash testS 

in accordance with the ' Recommended Procedures fOT the Safety Performance E\'aJulltion 

of Highway Appurtenances,' NCHRP 230 W, the "Standard Sl)Ccifications for Structural 

Supports for Highway Signs. luminaires. and Traffic Signals." AASHTO 1985 (Z), and the 

Federal ReJister, 23 CFR 62S (3). 
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1 TEST CONDITIONS 

l.t Test flcllily 

2.1.1 Te!;t Sjte 

The ItSt $ile facility WlU localed a( l..incgln Air Park on the NW end of the weSt 

apron of the liDcgln Municipal Airport. The test facility, $hown in Figure 1. is 

approximately 5 mi. NW of Ihe Univenity of Nehraska-Lincgln. 

An 8 ft. high chain-link securi!), fence sWTOIinds the (CSt site facili!)' to ensure that 

no .... ndalism occurs 10 the test anicle5 or lest vehicles which could possibly disrupt tbe 

results of Ihe lests. 

2.1.2 Yebicle Tow SYSlem 

A reverse cable lOW, wilh a 1:2 mechanical advanlage, was uscd 10 propellhe tC$t 

vehicle. The distance traveled and the speed of the tow vehicle are one·balf that of the test 

vehicle. A skeleb of Ihe cable lOW SYSlem is shown in Figure 2. 1l1e test vehicle was released 

from the tOW cable 10 feel before impaa with Ihe 4-0011 Breakaway Slipbase Lumimlire 

Suppon. Photographs of the tow vehicle and the attached flfth-.... heel arc $hown in Figure 

3. The fifth·wheel, built by the Nucleus Cmpor,lIion. was used for accurately lowing the leSI 

vehicle allhe required largel speed with the aid of a digilal spoeedomeler In the lOW vehicle. 

2.1.3 Yebjcle Gujdance Syslem 

A vehicle guidance system developed by Hinch (i) was used to Sleer the test vehicle. 

The guidance syslem is shown in Figure 2. The guide flag, which was luached 10 the front 

left wheel and the guide cable. was sheared off 10 fl before impaa wilh the 4 boll 

breakaway slipbasc luminaire suppan. The 3/ 8 in. diameter guide cahle was tensioned 10 

3.000 lb and 5Upponed laterally and venieally every 100 fl by hi~ed stanchions. As the lest 

2 
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vehicle p3SSed each slallchion, the attached guide flag struck the stancbion, knocking it 10 

the ground. The test vehide guidance cable was approximately 800 ft long. 

2.2 4-8011 8 reauway Sllpba5e Design (ktaUs 

The 4-0011 breakaway slipbase luminaire suppon design details arc shown in Figure 

4, and pbotographs of the slipb!l.5c: are shown in Figure S. The hmunaire suppon consisted 

of three major 5U'Ucrural components: the luminaire 5uppon pole, the two mast arms. and 

the permanent lower slipbase assembly (photographs are shown in Figure 6). 

The luminaire support had a maximum mounting height of S2-ft O-in. from the 

grOlJnd to the tOP of the mast at1lI5. The height to the top of the luminaire pole (excluding 

rain cap) was SO-ft 4-in. from the ground. The permanent lower slipbase assembly had a stub 

height of 4 in. 

The pc:nnanentlower slipbase as.sembly was held in place with four 1·in. diameter 

by 12 in. ASTM A315 threaded rods doweled into the existing concrete apron with a high

modulus. high-strength epoxy bonding/grouting adhesive. The embedment depth of the 

threaded rods was 8.25 in. The threaded rods "tended 3.75 in. above Ihe existing concrcte 

surface. The bottom and tOP surfaces of the permanent [ower slipbase assembly were 

mounted at a height of 1.5 in. and 4 in., respectively, above the existing concrete apron. The 

pc.nnanent lower slipba.sc assembly manufactUring requiremenlS are with a steel with a 

minimum of 36 ksi yield Slrengtll. The steel assembly was hot.dipped galvanized in 

accordance with ASTM AID. A wncrete grout mix was placed below the lower edge of the 

pennanent lower slipbase assembly. 

6 
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FIGURE 6. iJJminaire Suppan InstaJlatiolL 
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The 50-fl O-in. Juminaire pole WlIS mounted on the permanent lower slipbase 

assembly with four I-in. diameler ASTM A325 5Jip boh$. The high·strength slip bollS, nulS, 

and washers were eJecuoplaled eadmium in accordance with ASTM A165. The four slip 

bolts were torqued to 80 foot-pounds, and then released and relorqued 10 70 fOOl-pounds. 

The Utah Dcpanment ofTrall$ponation eonducted lorque ~rsus tension tests on four l·in. 

diameter A325 hig.b-strength boilS. It was determined that a torque of70 fOOI·pounds would 

develop approximately 4.300 lbs of tension per bolt. The results of the test are presented 

in AppendiJc: D. 

The four I-In. diameter slip bolts were held in place within the slots with a slip bolt 

gasket. The slip bolt gasket confonned to ASTM A446 Grade A steel with a 0.0149 in. 

thickness (gauge 28) before coating. 

"[be luminaire suppon pole had a diameter of 10 in. at the base. tapering off to 3 In. 

al the tOp, with an II gauge wallthkkneS$. The luminaire support pole was manufactured 

to ASTM A59S, Grade A and hot-dipped galvanized in accordance with ASTM AI23. 

The IWO steel mast arms were atTached to the luminaire at a location 10 in. below 

the lOp of the luminaire suppon pole. The malil arms extended outward (rom Ihe face of 

the luminaire pole a total of IS flo and upward above the top of the luminaire pole a rotal 

of I·fl 8-in. The angle of inclination of the malit arms was approximately 9.5 deg. The two 

mast artn5 extended outward pcrpendic:ular 10 the direction of the impact. On the end of 

each mast arm, .... eights were mounted to simulate an actual lum.inaire. These weights 

totaled 75 Ib per mast ann. 

A reinforced band bole opening was located approximately l·h l().in. aOOve the 

existing concrete apron. The iuminaire support was installed so that the hand hole opening 

10 



was located on the side of the luminaire pole opposite that impacted by the test vehicle. 

The slipbase was oriented with one of the slip bolts directly in line with the test 

vehicle impact location. This orientation was determined to give the maximum resistance 

to the breakaway action. 

2.3 Test Vehicle 

One test vehicle was used to evaluate the 4-bolt breakaway slipbase design. After test 

USBLM-1, the vehicle was repaired and used for test USBLM-2. The test vehicle was a 1984 

Dodge Colt weighing 1,750 lbs. Photographs of the test vehicle are shown in Figure 7. 

Dimensions of the test vehicle are shown in Figure 8. 

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

of zero so that the vehicle would track properly along the guide cable. 

Three 8-in. square, black and white checkered targets were placed on the driver's side 

of the vehicle to aid in the analysis of the high-speed film. The center target was placed over 

the center of gravity of the vehicle, while the front target was placed 3 ft ahead and the rear 

target 5 ft. behind the center target. Targets were also placed on the top and back of the 

vehicle to aid in the evaluation process. 

Two No.5 flash bulbs were mounted on the roof of the test vehicle to pinpoint the 

time of impact with the luminaire support on the highspeed film. The flash bulbs were fired 

by a pressure tape switch mounted on the front face of the bumper. 

11 



FlGURE 7. Tesl Vehicle. 
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1.4 DAtA Acquisition Systems 

2.4.1 Arulerome!trs 

Two EndevC(ltriaxiaJ piezoresistivc accelerometers (ModeI7:M4) with 11 range of ~ 

200 g's were used to mea.'ltlfe the arulerations in the longirudinaJ direction of the tCSt 

vehicle. Two accelerometers were mounted in the $lUTIe directioo in order to provide a 

comparison of resultS and to use as a back-up system. The accelerometers were rigidly 

II.tta~hed 10 II. melal block mounted at the eenter-of·mass. The signals from the 

areo!leromelers were n!ceived and condiliOlned by an on·board vehicle MelfapleJ: Unit. The 

multiplexed signal was then radio tTlmsmi!ted to the Honeywell 101 Analog Tape Recorder 

in the central control van. A flow chart of the accelerometer data acquisition system is 

~hown in Figure 9, and photOgraph~ of Ihe S)'~tem located in the centrally controlled Step 

van are shown in Figure 10. State-of·the·art computer software, ·Computcrscope and OS''", 

was used tOl analyze and plol Ihe accelerometer dala on a Cyclone 386/ AT. whiCh uses a 

high·speed data acquisition board. 

2.4.2 HiQh-Spced PholOQGlpby 

TwOl high-speed 16 mm cameras were used 10 film the crash tests. The cameras 

operated at apprOlximately SOO frames/ sec. The parallel camera. a Pholee IV wilh an 80 mm 

lens, was placed 300 fl downstream of Ihe luminaire support fOlr lest USBLM· J and 324 fl 

downstream fOlr tes t USBLM-2. The perpendicular camera was a Photee IV wilh a SS mm 

lens. It was placed 136.5 fl from tbe vehicle point of impact for both tests. A schematic Olf 

the camera locations is shown in Figure 11. 

14 



'-' 
-"-"- " - ' 

flGURE 9. Row Chari of Accelerometer Data Acquisition System. 

15 



FIGURE 10. Data Recorder and 386/ ATComputer. 
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An 8·ft high by 16·ft long baclthoard, with a 2·ft line grid layout was used as a 

reference for the analysis of the high speed film. The backboard was placed facing the 

perpendicular camera 10 ft behind the luminaire support. 

The rUm was analyzed using the Vanguard Motion Analyzer. The camera divergence 

COllection factors were also taken int!) colISideration in the analym of the high-speed film. 

2.4.3 Soced Imp Swjtches 

Eight tape pressure switches spaced at 5 ft intervals were used to determine the 

speed of the vehicle before and after impact, Each Ulpe switch fired a strobe light as the left 

from ure of the lest \'ehide p~d over it. The average speed of the test vehicle between 

the tape switches was detennined by knowing the distance between pressure s"~lches. the 

calibrated camera speed, and the number of (rames from the high·~peed film between 

flashes. In addition. the average speed was determined from electronk timing mark data 

recorded on the oscilloscope software used with the 386/ AT computer as the test vehicle 

p~d over each tape switch. 
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3 PERFORMANCE EVALUATION CRITERIA 

The safety performan~e objective of II highway appunenance is to minimize the 

(Q~quences of an off-road ac:cidenL This safety goal is met when the appunenance (4-Boh 

Breakaway Slipbase Luminaire Support) allows vehicle occupants 10 escape major injury

producing forces. Safety performance of the highway appunenance cannot be measured 

direc:ly but can be evaluated according to four major factors: (\) breakaway mcchanls.m 

wonhiness, (2) vehicle stability and trajectory, (3) occupant risk, and (4) test objcct 

penetration. These factoB oue defined and explained in NCHRP230 (1). Similar crileria are 

presented in AASHTO (2). 

The 4-bolt breakaway slipbase design was evaluated a~cording to the perfonnanct: 

crileria in "Rerommeoded Procedures for the SafelY Performance of Highway 

Appurtenances," NCHRP Repon 2JO (1), the ·Standard SpecificatiQru; for Structural 

Supports for Highway Signs., Luminaires, and Traffic Signals 19K5: AASIITO ('l), and the 

Code £If Federal Regulation, 23 CFR 625 (:l). 

The standards used 1£1 evaluate the crash tests were Test Designation NUmbeB 62 

and 63 of NCHRP 230 U), and AASHTO (l). These criteria require 20 mph and 60 mph 

tests in which the vehicle contacts the luminaire suppon 81 the centerpoInt of Ihe bumper. 

The safety evulU81iQn guidelines arc mown in Table 1 U.2.3). These guidelioes 

require an oa:upUnI impact veloci ty £If Icss than or equal to 15 fps and an occupant 

ridedl}Wn ucceleration of less than or equal 10 15 &'5. The FedenLI Regener (J) requires a 

vehicle change in velocity of less than or equal to 16.0 fps. Afler each test, vehicle damage 

was assessed by the traffic ac:cidem data scale (TAD) (.S) and the vehicle damage index 

(VDI)@. 
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TABLE 1. Oash Test Conditions for the 4·Bolt Breakaway SHpbase Design. 

T~ T~ T~ 

Nu",bc;. Teo! /wI><)' """"""" ....ppurtcJlll.l>«. VelDtk 

USBUf·1 NOiRP 230 " BICd. .... y Suwo-t '''''' 
USBLM·l "000' "" " Bltuaway Suppon '''''' 

, Ref .. 10 MSHTO CZ). 

TABLE 2. Safety Evaluation Guidelines. 
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Vehicle Trltea"" 

Ie Applitlblc 
NA: 1'001 applic.able 

E'·aJuatioa Ciilem 

,. The lelt article slWJ rudily ICIMlt ill a predictable 
m ........ by br<:akiDa IWIY or )'ic1diD&. 

~ Del.the<i elc:",eDts, f,ap'''u or oche, debris f, om 
(be: lcor onk.k ahIIl Dol pcDtlr.IC or ahQw potential 
fOJ peDelriliag the paoIoe"ll"' OO"'paI1.meal or 
prClClll un<i"" "".,.anI 10 other (TI!Toe. 

3. The....,~ o.h..\U um.oin Uprighl dwina..,d afur 
D)lIision .. hbollllb moderale..,u, pile~..,d l"I'win& 
are occcp!Able. 1.IlI.grity at Lbe ,,""'.age' 
oornpanm~ mU$( be m:tiruained wiLb e.sKnlialIy 00 
deformalion ........ , .......... 

•• longiludiaa! Otaip..,' Impl<l Velocity ((po) . 

• LMgiludlaal 0=11""" Ridedovo.., De<:derolions (g) . 

• VelUde ~ ;" Vdocily (fps) . 

7. After coIIlslorI, the w.bi.d< "aj'"'''' and fiDaI 
stopping posltioo shU ilutllde a milllmum disllI>Ce, 
if II a1~ ;"(0 IdjKt.l>I traflicl",,"" 

&. Vebick tnojectllf)' behiad 1M Ie ... anide i$ -...... 
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4 TEST RESULTS 

4. 1 Test No. USBLM-l 

This test was conducted with a 1,750 lb 1984 Dodge 0)11. The vehide Impacted the 

luminaire suppon at the tenter point of the bumper with a speed of 15.0 mph. A summary 

of the test resullS is shown in Figure 12. The 5equenlial photographs are shown in Figure 

\3. 

The impact speed of 15 mph was less than the required speed of 20 mph due to 

technical difficulties. However, since this was a low speed test, this represented a more 

severe case so it was actually a more demanding test than what was required. 

Upon impact with the luminaire suppon. the front bumper of the vehicle crushed 

inward until approximately 0.075 sec. after impact. At that time the luminaire suppon began 

to slip from the base. The luminaire suppon remained approximately venirol until 0.385 sec. 

after impact when it slaned to fall toward to the vehicle. The luminaire suppon continued 

to fall towards the vehicle until it hit the roof approximately 2.330scc. after impact. The top 

of the luminaire suppon hit the ground 2.734 sec. after impact. The vehicle was stopped 40 

ft from the point of impact with the base of the luminaire pole resting on the roof. Thc 

vehicle: and imlaHation damage is shown in Figures 14 and 15 respectively. The TAD (5.) 

and VOl (6) vehicle damage classification are shuwn in Figure 12. 

As a result of signal transmissiun problems. the accelerometer data for Ibis test 

contained noise spikes which made it necessary to analyze the high speed film to detennine 

the ocrupam risk. The noise spikes did nOl affect the p~1 of the <lC<;t:lerumeter dUla needed 

to calculate the duration of contact, SO the vehicle chanSe in 5pCed was calculated using a 

combination of the film and ac.;elerometer data. 
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The occupam impact velocity was determined to be 7.6 fps which is much less than 

the 15.0 fps maximum impat't veloci ty suggested by NCHRP 230 (1). The maximum 

occupant ridedown deceleration was 3.5 g's, whicb is less than Ihe 15.0 g maximum allowed 

by NCHRP 230 (1). The vehicle thangc in speed was 6.1 fps. wbith is iClWer than the 15.0 

fps required by NCHRP 230 (.1) and AASHTO (2), and the 16.0 fps required by the Federal 

Register (l). The determination of these results are shown graphically in Appendix C. 
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'ep.ct 0.383 •• e 

-Teo! N"",,,",, .......••....•.• USBLM·\ 
· DII~ ...................... 1/'lAf91 
- Insullalion .••••••....••.•.. ~1k)I1 8reokaway 

SIiptMw l .wniNire Suppon 
• Luminain H.;gbt ••• , •••••••• S2,.11 0. .... 
· MnI Ann Spa&! Width •.•••••• )0.11 11).in. 

· Lluni!llire Sl"tC'" Wclgbl .•.••. \I021b& 
· Pc:rm ..... nt l.ow<. SU......, AMcmbly 

BoII1'ype ..... •.•.....•. r"". 1,;'" Di.amdcr 
ASTM A32!I Rolt, 

Dolt Circle Diameter ....•. l-fl4-in. 
Stub Ht ;w.t •............ 4 in. 

o Lumi.wse Pole 
B..., Dlamcte. • ......... 10 ilL 
Top O"'me.o, •••.••.••.. 3 in. 
unglll . . . . • . . . . . . . . . .. SO ft. 
Slipbo!t Tn>c ••••.••..••. rou. '.'n. Diantde. 

.... ~ A3~ S~pboIts 
Boll Onk Di.ua«.r ••.••• l·ft \." 
Slip Boll Gw.« ThOd_ 01U~ ill. (l8 SO.) 
IMia! Boll TOfq\lt ..••..•• 80 fI ·b. 
l'iul Boll T~ ......... 10 /I·k 
CIo"'~ BOO Fora: .•...• • • 4,lOO !hi Cd 

-- l~ 
• 

-c- . . .,. .. .=-.... 1 - -
0. 583 sec 1.339 nc 

V.hide: Model ............•. 1\JS4 Oodp ColI 
Vehicle WcighI 

Curb . • • • • • . . • . . • • . . • •• U90 IbI. 
T~ lo>eftial •••..••••.•. 1:1!lU It.. 
Grou s.Mi< •..•.•••..•• 1,150 a .. 

Vehicle ImpKI Speed •.•••.•• 15.0 IIIpI! 
Velli.:!., ImpM{ ""£Ie .. , .. ". 0 de&-
Vebide Impact: Locatloo •••••• eCOler of OIlmPC' 
Vduclo S~ ..........•. 1'1""" 
Vehide SlobiUry •••.•••••••.• sOlisfaaO<)' 
OcCUpul Impact V~1ocity ..... 7.6 fpl 

Ooc:u ...... Ri<k:d<,swa DeceIe.ll;o., 3.5,'. 
Vehicle ~la.Speed ...... 6.1 fps 
V~hicIc Dim. • .••.••.•••. Mi";",1I 

TM> ................. Il-FC-2 
VOl •.••..•..•.••..••• t2fCEN1. IlTZ6Wl 

Vellick F"",,·£o,d Ddkditwo •• 9 ill. 
Vohide ~ Distaaa: •. .• • 411 It. 
Lum~ Support Dam • •••• S"'." 1'cmI.- Set 

DcIl<aDo NeIII_;",n 
P,.Top 

f'~ LumiMi~ S-wort l.ocacioa • lS ft 10 B_ 

FIGURE 12. Sununary and Sequenlial Photographs, Test USBLM-I. 
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2.338 sec 
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FIGURE 13. Sequential Photographs, Test USBLM·1. 
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FlGURE 14. Vehicle Damage, Test USBLM·l. 
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FIGURE 15. Installation Damage, Test USBLM·l. 
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4.2 Test No. U5BLM_2 

The 1984 Dodge Colt used for Tesl No. USBLM·l was repaired and used for Test 

USBLM-2. The vehicle impacted the luminaire suppan at the cenler point of the bumper 

with a speed of 57.5 mph. A sUmIllllIY of the test results is shown in Figure 16. The 

sequential pbotographs are shown In Figure 17, 

Upon impact with Ihe luminaire suppon, the front bumper of the vehicle crw;hed 

inward for 0.018 sec. At that time the luminaire suppon began to slip from the base. At 

0.174 sec., Ihe front of the car began tu lift up, and it continued on iu rear wheelS unlil 

1.000 sec. after impact. At 0.868 sec., the lurninaire suppan wa.s upPIl.l,umalely 16 (t above 

the ground and para11el to it. The luminaire suppon impacted the ground at 1.110 sec. The 

vchide continued in a straight line path until il slid sideways and can:e to a Slop 310 ft 

downstream from the base. The vehide and installation damage is shown in Figures 18 and 

19, respectively. The TAD (S) and VOl Hi) vehide damage da.o;.sific:llion are $110 .... " in 

Figure 16. 

As a resuh of signal traru;mi~ion problems, the accelerometer data for this test 

contained noise spikes which made il necessary 10 analyze Ihe high-speed film to determine 

the occupant risk. The noise spikes did not affect the pan of the accelerometer data needed 

to calculate Ihe duration of contact, so the vehicle change in speed was calculated using a 

combination of the film and accelerometer data. 

The occupant impact velocity was de termined to be 1-4.2 fps, which is less than the 

15.0 fps maximum impact velocity suggested by NCHRP 230 (1). The maximum occupant 

ridedown deceleration was 1.0 g, which is much Jess than the ]5.0 g's aUowcd by NCHRP 

230 (1). The vehicle change in speed was 13.5 fps, which is lower than the 15.0 fps required 
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by NCHRP 230 U) and AASHTQ (V, and Ihe 16.0 fp!; required by Ine Federal Regisler Q). 

The detennination of these results are shown graphically in Appendix C. 
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I.p.e t O. U8 .ee 

'TQI Number •••••••••••••••• US8u.4.1 
• Dale ...................... 1/1/9 ' 
· I.mtallitioa ................... BoII Br~ataw.y 

SIip-.e I ',,"i-mSuppan 
' l.umm.in: lIeWbl ............ Sl-f\l).iI. 
• M.UI Ann Spu W'odlb ••••••.• )0.1'1 11).;". 
' 1 "m;noi", Suppan WelsM •••••• 902 Ibo 
• Pet1llu<:nl Lower ~ ~mbly 

8QII ~ , •••• , ••• " •• ,. foul I-in. DiI",c'c! 
ASTM A325 Bolt. 

I50k Cirde DIam.,u .•••.• I.ft 4-1a. 
Scub lI~ipc ............. . ill. 

· Lumm.;.., f'QIG 

I3aec ~er .......... 10 in. 
TQP Diam<;te! , •••• ,., ••• 3 ill. 
Lcqlll ................. $0 It. 
SJipboll: t)po •......•••. four I .... Oiam .. ~! 

...sTM A3l5 S\ipbuItI. 
Boll Ordo I)jpocter •••••. I·re l.u.. 
Slip Bolt O-ut ~ O.ol~ ill. (%8 sa..,.) 
IMi.aI. Boll Torque •••••••• I!O 1'1 .... 
F' ...... BoI! Tor-q ... ......... 'lO fl · ... 
{,1aaIpiaa 8011 f octt •.•.•. • it 0XI1bi ucla 

0.500 lee 0.625 ue 

Y~hido Model .............. 1!:1114 Dodp Colt 
V~1Ude w.;w.c 

c.b . . .. . . .. .. .. .. .. .. 1.9!lO b. 
TQI/IIU1ia1 •••••••••••• 1,7$0 IbI. 
G._ Sllli<. ••.•.•.•.••. l,niI It.. 

Ydutle Impatl SPffiI .... .••. 51-' mph 
Yd"d~ Im".:t A<osk> .•....•. 0 6q. 
Yehide ha".:t / ()(:II';"" •••••• C.n,c. 01 BwuPCf 
VcbOde S.1IfI ••..•••••.•. Noec 
V.hido; Sc.lbilicy . •••.•.•••.•• S.CWKlOC)' 

O«u~l Impact Vtlori!J .•.•. 14.l'ps 
Occupul Ridt:doorn Dccck .. tioa 1.0 ... 
V.hick ClwJF-I...sptOd •.•..• 13.S 'PI 
Vdlick Da",.. • ...•.•.•..• l4W 10 1DOISe ..... 

TAD ................. ll-fC.3 
VOl .................. UfCENl 

Yehicle fr" .. I-I!ad o.n.cuo. .. 12 in. 
V.hick Sc"l'Pae ~ ..... 310 It 
Lmni~ SItppOII Da<up .••. ~ PtnUIIUII sa 

0d'kttl0<I to.. I _ . , 

Palo: Top 
F' ..... LwDiuirc Sappan Lac.ioa .111 n 10 S-

flGURE 16. SummaI)' and Sequential PhOIographs, Tes/ U5BLM·2, 

0.906 ue 
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fIGURE 17. Sequential Photographs, Test USBLM-2. 
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FIGURE 18. Vehicle Damage, Test USBLM-2. 
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FlOURE 19. instJ.llatioa Dama&e. TC$I U5BL\1·2. 
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5 CONCLUSIONS 

Two full-$Cllle Cl"alIh tests were eonducted to evaluate the safely performance of Ihe 

4-0011 breakaway slipbase design. The tem were evalUDted DOC()rding to the safety 

performance criteria given in NCHRP Repon 230 W. AASIITQ (2). and the Federal 

Register (l). The safety evaluation results of both tests are summarized in Tables 3 and 4. 

The analysis of Ihe crash tests revealed the following: 

1. The test article activated in a predictable manner by breaking away. 

2. Detached elements. fl'llgments and other debris from the test article did not 

penetrate or show potential for penetrating the passenger comparlmenl or prcsem 

undue hazard to other traffic. 

3. The vehicle remained upright during and afler the collision and the integrity of the 

passenger companmem was maintained. 

4. The longitudinal occupant impact velocities for Tests USBLM-I (7.6 fps) and 

USBLM-2 (\4.2 fps) were less than the IS fps required by NCI-IRP Repon 230 (1) 

and AASHTO (2). 

5. The longitudinal occupant ridedown decelerations for Te~l USBLM-I (3.5 g'~) and 

Test USBLM-2 ( 1.0 g) were less than 15 g's as recommended by NOI'RP 230 (1). 

6. The vehicle cllange-in·speed for Test USBLM·I (6.1 fps) and Test USBLM·2 (13.5 

fps) were less than tile 15 Cps recommended by AASHTO (2). and the 16 fps 

recommended by the Federal Register (3). 

Based on this analysis., Ihe results of tests USBLM.! and USBLM-2 are acceptable 

acrording 10 the NCHRP Report 230 Ul, AASHTO (2), and Federal Register (l) 

guideUnes. 

33 



TABLE 3. Safety Evaluation Results, Test USBLM-l. 

EVIIluotioa Eval ... tioa Crilcn. 
l'o.cI"'" 

St'uc:lunl I. Tbr; '''''' anido: ohaIl • .,..my M1i"",~ ;" • l""~i"Ublc 
Adeqll8c, IIllllMr by breakiDg .way Ol yiddio" , Deta<:hed ,k.mCDls, f,"p"'1Ol1 or othe. <!cbr;' I"roaI 

1M IMt artida dWI ..... peo&rala or ....... poIeJlriaI 
for penetrating t'" "","","F' CXNI>partmcnl or 
pt"tlCDI wul"" IlazaJd 1<> OIhc::r uafi' ... 

Occupant RiU. 3. Tbr; ¥clUck: UWJ <ern";" upriabl during.lDd alia 
roJli5ioQ aIthougb moderale roll. pilchinj; ud yawing 
ln' a.t<:tplllbk. Inlefp"ily of !he """"'''''''. 
compartment mllSl be maiDaioed wi!h essentially .... 
deform"'ion or iJ".!Woa. 

• Loa&iludlQitl OocuJ>lllt Impoaa Velocity (fps). , Lo"llil~dloll Oocupanl RldcdowD Dc«ler ......... (g). 

• Vehicle Cbangr; ill Velocity (fl'"). 

Vehic~ 7. After rollisitn., th, vt.hklo.u,oJet1ory &lid rUlitl 
T.aje<lory Slopping p01il;o.. """U inlnlok. minimum diotlllCC, 

if at aU, into adjaccn, Iraff .. laDe .. 

• Vehicle <nic"'D<)' behind Ibe 1<01 ."ide: if. 
~~lbIe. 

S SaliJo<lory 
M M;orgiDitl 
U UlUJIliof.<lory 
NA 1'101 Applicable 
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I'ICHRP AASHTO >HWA 

"" , , ~ 

, , NA 

, , NA 

7.6<15 7.6<15 NA 

35<15 '-'.~ NA 

NA (j,t<l.S 6.1 <16 

S , NA 

S S NA 



TABLE 4. Safety Evaluation Results, Test USBLM-2 

EvaJuailoo E,'lI""tioo CJitena NCH ... """'" >'HWA 
F~~ "" 

Strvclllfli 1_ ..",. lest article <hall readily Klivate iro a prlOdktablt , , NA 
A"'"", m"""~r by br~ Iway 0< )'icldiog. 

2. Detached elemeou., fnpell1i 0< other debrio from , , NA 
lhe lest .r1ie1e lhaU "'" pc.ncIr.lc DO" &how poIcoliai 
fDO" poe ... "llil!a tbe pa<$Coger (OmiW'-"''"'" 0< 

P'RCIO( u!>!! ... b.o=d 10 otbc:r InfIK. 

OccUp&rl1 Ris.I; , 1b ",hicle shU remola upri&ltl dwing &I>d afte, , , NA 
CDIlWoo allhopgb m<:><k:nlc roll, pi1o.hiDj &I>d )'llwing 
are. accr:ptabk. l"teRriry 01 the pus.ellief 
"""'panonenl nI .... boo moin'oincd wilh "~tially u~ 
deformatlo.tt. 0< irolnl1illlll.. 

•• l...oD&iludil1l! Occupanl InlpKI Vdodry (fpI). IU<I~ t4.2< Ci NA 

S. Loodludilal OcCUpanl R>dedOWll D«elerlliollS 00. 1.0"15 1.0" 15 NA 

• Vehicle Cha.age ist Velociry (fpo). NA lJ.!i<15 lJ.!i<16 

Vehicle 7. Alter colIisioD, the..:..bide: ,nfc:d1l<Y aod fmal , S NA 
T~ory Slopping posilioc> ,hall ;fttl1Jde I mistimum disc.....,. 

if at.n. inlo adjac.enl tnmclaoe$. 

• Vehid" trlleaory hchistd the test article is , , NA 
KCl:pubIc. 

S SltiUactory 
M Mo:r&il1ll 
U U!lWid>CIory 
NA N<llA~1e 
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, RECOMMEI''DATIONS 

The 4·bolt Breakaway S1ipba.~e Design has met the required performanee ev:uuation 

eriteria set forth by NCHRP no (1). AASHTO (2). and the Federal Re~ster (3). Thus. It 

is our recommendation that the Federal Highway Administration approve this installation 

fot usc on Federal Aid Projecu. 
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Apptndi.t A 

3-8011 Brnkawty Slipblst Dtslpu 
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USOe!:otmerf 

.-~ 
,ede<aI Highway 
Adminhlroliorl 

Denn15 H. O'8rlen, P.E. 
Hanager, Product Planning 

'9 

Industrial l Construction Product5 Division 
V.1lIIQnt I ndu~tries , Inc. 
Valley. Nebraska 6806~ 

Dear Hr . O'Brien: 

Ref.r to : HHG-I~ 

8y your Septe.r 16 Ind 22. 1988, htten to Hr. IhOlllas O. Willett, Director. 
of Offit,. of (n9!neerlng, you reqwnted Fedcnl Hig! ..... y A~inhlnUon If HIlA) 
acceptance o( 5teel bruhl/lY slip-biue lu_lnlire supporh (or use on 
F,d,ral - lid highway projects. AS you know. con~;derable .((ort has gone 
into evaluating steel slip-base Iu.lnalre supports since you .. de your 
requelt. Your cooperation .,Id Us1$t1nce in that effort h IiUch appncilted. 
[nclosure I sUlllllarizes the tests FHIIA IIu evaluited In relchlng a dKhlOn on 
thf breakaway acceptabili ty of steel slip-base lumina Ire supports. 

In flCh of the tests shown In the su~ary the gfometry of the slip-b.se WIS 
nominally the same u CillHornla OepartlKlnl of lnnsportltlon's (C.ltrans) 
Type 31 base, which is shown on (nclosure [I, e)cept lhilt in one series of 
tests the ~eeper phte thlckllus oIlS reduced to 0.0149 inches (28 gage). The 
pole bue phle in the type 31 bue is 1 Inch Hick, the lower 5lip platl is 
1 1/4 inChes thick. and the anchor plite Is I Irell thick. I/e 100uid Iho point 
out that in ~Il tests two of tht slip-but clamp bolts Jay In a lina panllel 
to lhe direction of tnH lc and were on the stnet side of the pole. 

FrOlll the sU_ldallon of tests it can be seen thit there Is con5idenbl. 
scatter In the results and that In sa. tutl FHlIA's IIUilN" 16-foot-ller
second bre~klwlY change in velocity require.ent WIS uteeded and in s_ 
instlnces the test device was actual ly stopped. Because of the apparently 
unpredlctlble n~ture of the sllp- bue the tuting effort Wis txt,nd.d and a 
theoretical analysis of the slip-base rei else ~chlniSJI WIS undertaken . As i 
result of thh work we Ire now confident thlt 51fe slip-base IUllllnalre 
supports tin be configured that wl11 be wlth in !ubHintial complhnce with 
~HWA'5 hr .. ,ku"y requirements . Thus, steel slip-has .. \u",jllilre supports will 
be I(ceptable for use on Feder,I · ,ld highways If proposed by I Stili highwlY 
agency provided they fall within thl li.Halions set forth below: 

BUlt Type: l r ilnguhr, three-bolt bu. si.ihr to (altrans' Type 30 and 31 
bases (see Enclosure II). 

Mln lll!ulI ShaH Wall Thlcknus: 0.1196 Inches for diameters up to 10 Inches. 

Boll Clrch Diameter: 14 lnchls 1_lnl_). 

Bue Plate Thickness: I Inch (.Inl_), I 1/4 Inches (_axl.,.). 



1 

Lower Slip Plate Thlc~"eH: I 1/4 inches (minimum) . 1 lIZ inches (maximum). 

Ancllor Plate Thicl:'.ness: I 1/ 4 Inches (lIIuiIllUIII). 

Steel Kuper Phte Thickness: O.Oltg inches before co~ting (28 gig!!) 
(aluilllum). 

H/!ight Tep of Lower Slip Phtl! f rOll! Ground line: 4 Inches (m~xll1luml· 

(lamp Bolt Type: G,lvanized ASTH A3Z5 with dry lubriCAnt (Heads Ind nuts 
shall l\iHI! !lei-v)' flu dhnenstons). 

Chmp Bolt Si ze: 1/8-lnch to 1 1/4-lnch diameter. 

Rectangular (lamp Belt Washer Size: Length, width, ,nd thlcknus shill be 
sufflcler,t to prevent slgnHtunt deflection (bilnding) wll!!n clamp bolt Is 
loaded to its tensile Clpici t y. 

Hole in Chmp Bolt Rectangular Washer: Camp bolt dllmeter plus 1/16 inch , 
with edg~s chimfered to prevent binding with ndlus under bolt head. 

Clamp Bolt Tension: 8,000 pounds per bolt ( ... xlmwlj. In the absence of a 
more exact method of determining bolt tension the following maximum tightening 
torques shall be used: 

finish: All faying surfacu to be galvanized , fru of paint. and smooth and 
free of ridges, scallops, nicks , and burrs. 

Haunting Height: S6 feet, 6 inches melsur ed from bottom of pole base pl,te t o 
centerline of lumlnllre mounting tenon (mulmu~). 

Weight: 1,000 pounds (include hm.inll rt. mast al1ll(s), pole, Ind base phte) 
(maximum) . 

Hast Arm Orlentltlon: Hast arm DIal' be parallel to, flat side of the base 
proylded thit side ( iCes ,DDrOjicb tuffjc or mil)' piSS over i climp bolt 
(see [nclosure II I .) 

Phcement: The terrain about the pole bue sball not inbibit t r anshtion of 
the pole Ind approlch topography shall be such that a vehicle leaving the 
rOldway .t design speed Ind In Ingle of up to 25 degrees will not s t rike the 
pole I t a height greater than were the pole located It the edge of the 
pavement. (The approlch te r nln will not cause an errant vehicle to becOM 
airborne.) 



3 

IIhile the restrictions listed here lITt rHller extensive ilnd In S(l~ instlnces 
differ from some current practices, for example the clamp bolt tension, keeper 
plitt thickness, and lIIast ann oriention prescribed dIffer frOlll tllose In the 
C.ltrans stilndilrd, one should not Infer FHWA Is lpprehenslve lbout the use of 
sl i p-base luminair! supports. It is just that our extensive study of these 
structures hilS given us an inSight thlt leads us to believe they will work 
best ilnd the public will be best served by ldhering to the guidance we have 
outlined. 

Sincerely yours , 

L. A. Staron 
Chief, Fedenl - Atd ind Design Divhion 

Enclosures 
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'-, Bruk,w.y 51911 .rui LLllltulre Supports 

Olr.ctor , Orne! of Engi neer i ng 

T. Reg lon.l Feeler.l Hlghw.), Adlli nistrators 
Fed'Til I lands Highwa)' Pro~rl. Adll l nh tritor 

Memorandum 

\llSh i nglon 0 [ 20590 

.u 6 1990 

HNC· 14 

As Indlcltd in our Jun. 25 OHTVM[ MSSlg. to you, thl Fecllnl IUghlluy 
Admlnlstr<Jtlon (fKllA). by Eeder, l Reghtu notln dltte! J.nuiry 5, 19S9, 
adopted , with I lit nor -odiflcltion, Stctlon 7 - Brukiw.y Supports of the 
MSHIO 511"';".11 Soeclflc,Uons for Stryc:tuul Supparh {or Hlohwiy Stons. 
LumiOllcrs lind Juff1c SIgnAls - 1985 . An .pprOlliut.ly 18-lOOoth tunsillal! 
period wH prov ided for dl v, l oplng n,w or revis ing u lstl ng hlrdlllc' to lleft 
t he n.w sptcifl cation , .nd to .11ow Stat. hlghw., .g.ncln to Incorponte the 
new hlrciwlrt ntjulrfMnts In construction cRntrtets. Th.t trtnsltlon per iod 
expired on Jul , I of th h ,ur . The FedeTll·l id high ... , projects .. hlch hive 
tl1,ir bid opening after tM s date shall Include brukl"" supports whle;:h .ut 
the 1985 AASHTO speclflutlon, u MOdified b, FHIIA. Retrofit of ex isting 
hl ghw., signs, lUflln.lns and tTiff le slgn.ls 11 not requ lr,d but • • , be done 
it the Suu ' , opt ion. Since existing FI!I/A polic, reconmt!nds thlt obsolete 
ufet, hard ... re be upgraded whe n being np. l red , n phced , or r elouted, .. e 
$U9915t h.rd .. ue lItetlng the new ,peclflclttoll be uud ill these cues. 

lhHe are .l read, several t,pes of break .... , supports or bun ,va lhbl e for 
both s igns and lUllllnl i res wh ich lleet the new Jtandl~ . The Geometric and 
Roads ide Des ign BTineh, u • service t o industr, and users, reviews cruh test 
results or new h.rdware subnl itted b, developers, lI.nufacturers, and high .... ' 
agencils t o ISseSS Coqllianc, .. ith applluble rtqu l rements . If 'ppropriat e . 
In I cceptAnce l'tlH is nnt to tl1l requestor, lh,t lett.r descr i bes the 
h.rdware Ind the t,st lng progru Ind splll$ out rutrictions , If In" for un 
of the h.rd .. .,e On feder,l·lld projects , Coplu of thue Icceptanee letters 
Ire provided to thl rlglon,1 offlen . AUlchllent5 A Ind B contlln the lists 
of accept Ance letters covering brukt .. a, lUlll inal re Ifill breakl .. IY sign 
supports, r espectivel,. Th,se Icclplance hu,,, dell only wi th the breakawIY 
perfo!'1lllnce of the hlrchrlre Ind do not 1I1pl, slructuTiI IdequIC, . OIIe It,. is 
listed with I ·pendl ng· dlte . It hIS been subaltttd to us for dltel'Jl ining 
acceptlbili ty, but our review Is continuing. You . 111 rlcelYl copies of Iny 
nto. u:cepUnce letters ... hen th., arl Iuuld . 

In ,dditlon to h,rd ... ,r! •• nuhcturers Ind Stlte Igencles conducting their own 
tests, In HPlR Poohd fund study , · S .. ,11 .nd lar<ie Sign Supports , · wi ll cruh 
test lu rd .. ,re selected b, the 2J contr ibutlllg Stites. Representatives of 
these Sh t e$ att on April 11 .nd 18 to vate on .. hich supports were to be 
tested . Attlchlilent C Is the pr ior it, r,nk lng of the sign supporU to btl cruh 



, 
tested under this study . Bee.use no res~lts were ava ll .bl. prior to the 
July 1. 1990 , dndl1ne for ... phmentlng the 1985 AASHTO stindirds, ,11 of the 
sign support systems included In the list In Athchment C will be considered 
provisionally Icceptable for continued USt In Federal- aid highway proj ects. 
However , some of the designs to ~ t ested appear marginal, particularly the 
eultiple support 4 pound-per-foot but bending fllnge channel 5tructurl!S. 
Thertfor., we suggest that Stat.s not adopt ~ design standards froe this 
list before test i ng illS been cOII\Pltted. Kowever, should. State find I 
compel ling need to use I dulgn (rOIl the list tlut 1t is not currently using, 
such use should be on " project-by-proJ.ct blsls until the design hiS b!'n 
qlJllHi ed through ttstinlJ. Under the pOOlfd-fllnd study, If ~ S,)Isttlll puses 
,11 recorrrr.ended tests, Its accfpUblllty will be confll'1Dl!d. If i s,)Isb,. h i ls 
i tl5t the hilure will be doculIII!nted a!KI the syste. .111 no 10nIJer be 
acceptabl e. Those sysh .. s W1I11 down t he priorit1 I1st .. ay not be tested owi ng 
to lick of funds. If thls happens, those systul 10111 no 10nIJer be elig i bl e 
for federal-lid funds unhn cruh lult'd by othfrs. 

The pool ed fund study does not include r.ct.ngul ~r slip b~ses for large signs . 
loIow,ver, '1inee we knDw thilt the bul c sl1p-bue c'es ign .ill work .Hh a 
I , a~O -pound car (see Iccephnce letter SS-S), luge slip-basf roadside sign 
supports with lfgs further than 7 feet apart .ay cont i nue to be installed 
ilfter July I under the following condi tions: 

( . ) 

(b) 

WeilJht of the support h 45 pounds-per-foot or less, and total 
we igllt of the support post plus slip plite Ii 1155 than 61l1l pounds 
be low the hinge. 

(cl Keeper phte, 1f used, h 28 gauge (O.Ol'g inches) in th lcknen or 
less. 

(d) loIelght of sllp-bne confol'1lls to the 4-inch stub height requirement 
in the AASIoiTO break.w.y standard. 

To dilte, FHWA hilS acceptld , for restr icted use, brukaway supports th4lt have 
only been qual 1fied thrOU!h lfstill9 In one of tht NCHRP salls . The poohd
fund study cited above wi 1 test supports In both ·strong" and • ... 'k· solh. 
tn thls study testing 10111 be discontinued on an, support sysll'lll that hils in 
one of tht soils Ind the systeJII . nl bt Judged urlCceptable unllSS 11 1$ 
.adlfied Ind found ICc!phb1e i n bolh solh. Furth!nIOre , thls office , frOIll 
now on, .ill only evaluate the brelk •• ay acceptability of sign support SySlllllS 
where there is usurance th~t they . ill .et our breakaway reQ;u lrements in 
both soil types. Thus, It see .. s likely that near the end of the study (list 
tlst l ng Is scheduled f~r l,tl 1992) the FHWA will begin to reQ;ulre that III 
new break~wiY systellls installed on Federal-aid hlghw.y projlcts be quallfild 
IS breakawlY in both "strong· and 'weak' soils. For those supports that ha~e 
been found accephble by FHl/A for use in only one type soil, FH'o/A will, for 



J 

the present, contlnu@ to accept In5t<llhtlo11 of those support5 In the soil 
with in which they hl~e been qualif ied. Such cond i t lon,lly qualified supports 
lre Identifhd In Attlchment B wtth I. plus sign (t). 

Sltp-baSi lUllltnll.-. supports will be .(ctptabl. for un on Federal-lid 
1119I1w.)'$ if proposed by • St.te II1gllll" Igene1 provided lhey £111 .Ith ln the 
l1 .. ltltlons set forth In Attach_Ill D. 

I n .... llng the new bruhwIY reQu lrtlRnts, In SOllIe Insl.ncu, the 
•• nuf,clurers have developed "iW breaki"l)' concepts. In others, they h.ve only 
rIConflgur.d older designs. PrnulII.bly.ll the resulting har<fI".r. Mets the 
structural requl r , ... nls of the AASHTO speclftuttolls. Kowever, It would be 
prudent for the St.tes to reCiu l r. evldnce of t his f rOli the supplters. 

--~. 
t. { . < ~: 7 

ThOlllH O. Wil lett 

"ttlthments 
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Atti~hment 0, Pille 1 of 4 

Requirements and Commentary on Use of 
Steel Sll~-blse Lumlnalre Supports 

Basic Type: Triin\luhr, three-bolt bise slllllhr to Caltrins' Type 30 and 31 
bues (see ~ige 3 of this Attlthoent). 

Minllllum Shift 11111 Thickness: 0.1196 In~hu for dilmeters up to 10 Inches. 

Bolt Circlt Ohmeter: 14 Inches (III Inlmum). 

Bue Plite Thickness: 1 Inch (IIIInllllum), 1 1/ 4 Inches (lIIlxllllum). 

Lower Slip Plile Thickness: 1 1/4 Inches (mlnillulII), I I I I inches (lIIuimum). 

Anchor Plate Th ickness: I lJ4 Inthes (maximum). 

Steel Keeper Plite Thickness: O.OUg inches before coiling (Z8 glge ) 
(mulmulII) . 

He ight Top of lower Slip Phte from Ground Line : 4 Inches (Inilllum). 

Clamp Bolt Type: Galvanized ASTM AJ25 with dry lubricant (Heads and nuts 
shill hoiV! heny hu dll1ltinsions). 

Climp 80lt Size : l/B-illeh to 1 1/4-lnch dhmeter. 

Reetangulir Climp 801t Wuher Size: length, Width , fond th ic ~ness sh.ll be 
sufficient to prevent signlflunt deflection (bending) when chlllP bolt Is 
10ided to its tensile tlPltity. 

Hoh III Climp Bolt Rtttinguhr \luher: C.nlP bolt dhllleter plus 1116 Inch, 
wi th ed\lts thimfered to prevent binding with r .dius under bolt held . 

(limp Bol t Tens lOIl: B,OOO pounds per bolt (moiXllllulII). In the absence of I 
!IIOrt eXlct method of detenaining bolt tens ion the follow ing ~a~jmum tighten ing 
torQuu shill be und : 

f lnhh: All flying surflces to be galvanlztd , f ree of piint, OInd slllOoth ind 
frtt of r ldgu , 5,,110p5, lIicks , lnd burrs. 

Mounting Height: S6 fnt, 6 Inthn .. enurtd frofll bottom of pole blSe phte to 
centerline of luminaire mounting t enDn (lIIiximum). 

We ight: 1,000 pound' (include luminiire, mHt lrfll (s) , pole. Ind blse plitt) 
(IIUhIlUIII) • 



Att~chment D, P~ge 1 of 4 

t~ ~ flit side of t~r h~ir 
or .~y p~ss over ~ cl.Mp boll 

Pl,c.~nt! The trrr,in about the pole blse shall not inhibit tr.nslation of 
the pole and .ppro~c~ topogr.phy sh~ll be 5uch tt.t I vehlcll 1.~Ylng the 
ro~dwiY ~t dlsign splld .nd .n .ngl. of up to 25 degrees will not strike the 
pol •• t • height gre.ter th.n were the pole loctted at the edge of thl 
p.vement. (The appro.ch tlrr.ln will not c~use .n err.nt vehicle to become 
.irborne.) 

While the restrictions listed here .re r~ther e.tensiv. ~nd In 5o.t Instlnce~ 
differ fr~ 50-1 current pr'ctlc,s, for •• ampl. the cl~ bolt t,nslon, keeper 
pllte thlckne.~, and .Iit an. orl,ntlon pr,~~rlbed differ fro. those In the 
(.ltr.ns standard, one should not Infer FHVA Is apprehenslv. ibout the use of 
sl lp-b.sl lu~ l n~ l rl supports . It Is just th,t OLr e,tensivi study of these 
structures h.s given us .n Insight that le.ds us to bllilvi th.y will work 
best ~nd the publ Ic will be best Sirved by .dhering to the gu ldinC! we h~v! 
outlined . 
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tumlnalre Slip B~se Or1ent~tfon 

Dlrenfon 
of Adjacent 
Tr.fflc 

Df rec t Ion 
of Adjacent 
Traffic 

DIrection 
o f Adj.cent 
Traff ic 

~ 

/ 

[nclosure 111 

Best BrPakaway 
Perrormance 
Acceptable 

Best Compromise 
to avoid undesirable 
orienUtlon 
Acceptable 

Worst Br nkaway 
Perforn'lilnce 
Hot ReCOlllllended 



Appendix B 

ColT'espondf~ 



State of Uiah 
UTAH m c!'ARTME/Io'T OF TRANSPORTATION 

s ....... Jt_, -~ ..... II r; ... '01.c.f .... 

Un~vQre~ty of Nebraska 

February a, 1991 

Civil Engineering Department 
Attention, Ron Fal l er (402)472-6864 

Dear Hr. Faller , 

,-"'" .. ~ ......... 
\' .. .

~""'; ,,',
..... c ""_ ......T "",lop o..H _,_ -

AB discua.ad this morning, wa have conducted t he torque 
verees tension t e sting of four 1 inch diameter A-325 cadmium 
plated bolts . The bolts and nuts were not lubricatod and the nut 
freely spun onto t he bolt. The tQ~tinq waS done using a Wilhelm
Skidmore tension indicating device. The bolte were initially 
torqued up to 80 foot _lb •. and then backed off and then re
torquad to pr ovide 1000 lb •. tension incremantB. The maximum 
tana!on tested was 10,000 lb.. I have enclosed a copy of the 
spread sheet and plot of the data for your reference. 

Aa you can aee by the plot , three of the bolta were very 
s~milar in nature. However, there wae one bolt wh~ch ahowed 
h~gher tension per torque than the other three. I attempte4 to 
the draw a line which showed a lower boundary. At that rate it 
would appear that for 70 f oot-l be. of torque there would be 4300 
Iba. of tenaion generated. If an average value were used, it 
would appear that the tension at 70 foot-lbs. of torque would be 
sl~qhtly less than 4000 lbe. It would be my judgment that the 
average value would be a more meaningful value to use. 

I hope that th~s provides you with tbQ nQcellllary 
~nformation that you nee4. If you have any questions or if I can 
be of any assistance, please feel free to qive me a csll. 

Enclosurea 

"'----

Y0ire truly, ~_ 

JruJ-i(' .1 ... 
Dsvid L. Christensen, P.R. 
Chief Structural Enqineer 



SUP BOLTS FOR LUMlNAIRE BREAKA WA Y BASE 

2000 SO " 4S 40 
3000 60 65 60 SO 
4000 85 85 '" 65 
SOOO .00 .00 100 '" 6000 125 120 .20 .00 
71lOO '40 .SO 'SO .20 
8IlOO .65 '" .65 .40 
9000 '" 200 '''' '" 



Appudu: C 

High·Speed Film ,.\A.lysls 

Cl. Graph of Longirudinal Deceleration. Tut USBLM·l 

C·2. Graph of Vehicle Change in SI)Ced, Test USBLM·I 

C·3. Gtaph of Relative Interior OttUpant Dl5placcmcnt, Test USBLM· I 

C-4. Grapb or Longitudinal Decc.letlltioD, Telt USBLM·2 

C2. Grapb of Vehicle ChInle in Speed, Test USBLM·2 

C·3. Graph of Relative Interior Omlpant DUpJaccmtot, Test U5BLM·2 
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Figure C-1. Gcaph of Longitudinal Decelerat ion . Test USBLM- 1 
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