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© ABSTRACT

Crash teéts were conducted to &etermine the impéct behavior of
médian—mouqted luminaire.suppoits and secondary collisiqns of
vehicles striking downed poles on a traffic lane. A relative hazard
index was developed to describe the relative hazard created by:thé
proximity and frequency of luminéire supports.

It was cogcluded that a 20° imééct by a 2900 1b vehicle at
45 mph would not cause a péle to encroach on the opposing traffic
lane if the median is 40 ft wide. A 4000 1b vehicle impacting at
25° and 60 mph would cause a pole to encroach approximately 11 ft
into the‘opﬁosing lane. Under both conditions, the impacting
vehicle would cross into the oppoéing lanes and may be more of a.
hazard than the poleérthgmselves. A medium size vehicle impacting
‘a downed pole within the traffic lane presents no more hazard than
the original impact. From a relative hazard standpoint, median-
mounted luminaire systems produce léss hazard than house-side

. systems for median widths of 30 ft or greater.

Key Words: Roadway lighting, luminaire supports, impact attenuation,
breakaway devices, hazard index, medians.

i




- IMPLEMENTATION STATEMENT -

?reliminafy :t':‘e;rst.s of the impact beﬁ_aVio’r of downed -lum:pnaivré
é.upports indica»te that the sevetity of in{pact is no ﬁxére sér,ious than
the bo‘rigina"lv,Vehicle—sup_pbvrt qollisibn. Safe‘c‘:on:s',ider’atir.én ,may'vbe
given to the use 'of_:medianf-mOun.tec.l_ supports 50 ft in height vfor‘

median widths 30 ft or greater (including "shéuld'ex_‘:'s).
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Médian;mountéd'luminéireé héve'become very’popular for the
illuminafion of.ffeeWay facilities., Objection has been Qoiced,
however, té the use of median mountingé where the height of support
exceeds the median Width. The objection has been based on the
premise that secondary collisions may occur.with a downed bole
occupying a tréffic lané;* This research is in response to this:
objecfion;

Three full-scale crash tests were conducted to determine the o

iﬁpact behavior Qflmedian-mounted supports and seconda:y vehicle-
downéd pole collisidns. The firét test revealed that a 20° impactv
byba 2900.15vvehicle,at 45 mﬁhrwould.§robably not cause a poie t§ '
encroach;onvthé:oppﬁsing tfgffic lane if the median Width'isf40_ft |
wide_(iﬁcludihg_éhbﬁiaers);: The second test, invoi&ing,a 4600.lb :
?ehicle'impééﬁihg‘ét 25°'and 60 mph, indicated an épproximaté,
encfoéchmentiof:il'ff intoAthe opposing inside traffic iaﬁe,'if'the
médién is 4C:ft,wide (inéluding shouldefs). ‘The third test,
involvingvé médiuﬁ‘éiZe vehicle at 60 mph impacting é downed pole
' aﬁroSsAthe ﬁraffic iané, fevealéd that this secondary_colliéion
wéuid be ﬁdjwofSe‘tﬁanﬂthe original vehicle—pole:iﬁpact. The vehicle
wbuid proﬁéﬂiy‘be‘able td.continue.straight ahead uﬁtil ébnfrol is
regained. |

A relaﬁive'haZardbindex was déVelbped'to déscfibe,thé reiative

hazard created by thé proximity and frequency of luminaire supports.
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This index suggesﬁs that median—méunted iuminaire systéms produce -
- less hazard than house~side systems for median widths of 30 ft or

greater.
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INTRODUCTION

THE PROBLEM

‘AsbsuBstantial mileage of_thé}intérstaté.ﬁighw;y System was
'béing éompléted, there aroseva»need.for séfef and more effiéienf>
methods of 1ighting ;hose faciiitiesfr.Previous methods had conéisted
of—felatively 1ow luminaire.mounting heigﬂts and fréquent sPacings
_withvthe_suppbrts,located close to the roadway.edge>on rigid‘baées.
Tﬁgse_pragficés were acceptable for,ﬁﬁe low operating speeds and |
volumes fquﬁd anciﬁy stfeets, but unaccgptable for the high—épeed;'
hiéh—ﬁblume characteristics of thé freéway.,rThe low mountihg |
heightsrand frequent'spaciﬁgs pfbducéd uﬁéomfortable environmen;év
for driVérs as they paSséd through "hot spoﬁs" and "dark 5po£s" on
the réadway.l* The frequent spa¢inés aﬁd iocation‘of the sﬁpports
cldse'to‘ﬁhe tdadWay edge on_rigié-basgs-produced éﬁen,more |
unaéé;ptablé environments. :Fréquént goliisions with the.suppofts
by oUt;offcontrol Vehiclesjresultedrinrsevere vehicle damagé and
injufy.or death to the-occupéﬁts.z

‘The advent of highér Qdﬁpu; light sopr¢és.pfovidéd partial.
sélutioné ﬁo the uhacceptablé céhdigibns.>iﬂighér mounting -heights
Qith cgrrespéhding longer spacings and_sétbaqks'ﬁrom ﬁhc»tdédway
were posSible with the higher outﬁut lightrsources3f This prqvided
for a réduétion in the "ladderﬁ:ééfect created by the "hot and darkr

spots." There remained, however, the potential for vehicle-support

*Refer to corresponding numbers in Seleétéd References.




impact.

A sinmilar problen had already‘been_encountered with roadsidef
fsigns mounted close to thefroadway_edge. ‘This problem was |
‘successfully'solved through the develooment and‘nse of signrsupports
that would" shear or breakaway when struck byAan errant vehicle4.
Success w1th the breakaway sign supports 1ed to the development of
: similar techniques for lumlnalre supports. | ~
Sllp JOlnts, cast ‘aluminum transformer bases, cast alumlnun
-1nserts, notched bolt inserts progressive—shear bases andvcast
Vvaiumlnum flanged hases have all been used with‘a high rate of
successz. These devices have provided for7great flexibility in
the location of luminaire:snpports. |
| fAs.a result of the;safer supports medianémountedrluminaires
have become very popular for the 1llum1nation ofrfreeway fac111t1es.'
Quallty of illumination prov1ded by thlS location and economy have
‘contributed to the popularlty. ObJectlon has been voiced, however,
to the uSe of median mountings Where the height of support exceeds j
" the median width. This objection has been‘based on the>premise
"that secondary colllslons may occur w1th a downed pole occupying a

traffic lane. ThlS report is in response to thlS objectlon.

OBJECTIVES
The objectives of this research are:
1. Investigate the impact behavior of median—mounted

luminaire supports.




Investigate the behavior of secondary vehicle-

support impact.

Develop a hazard index to describe the relative

hazard created by the proximity andAfreqUenéy

of lumiinaire supports
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DETAILS OF TESTS

;GENE'RAL ,,

.. Three vehicle crash tests Were‘conducted qn'SOVft, doﬁble-mast
'arﬁ luminaire_suéports with ffangiblé~transformer basesw. The firéﬁ‘
two tesﬁs simﬁlated accidents in whiﬁh vehicles ran offbthé road and
étrugk the bréakaway supports. The third test simulated an accident
in which an oncoming vehicle ran,oyér a luminaire suppo#t which had -
been knocked into the traffic lane by a second Vehicle:which had left
the opposing roédway. |

In the first two tests, the vehicles were equipped with
aécelerometers attached to eachvlongitudinai frame‘member. The
tests were recorded on décumentayﬁ and.highfséeed~film$ fdr time-
displacement aﬁalySis. Thé tﬁira tesﬁ was rééorded phofographically,
but no eléétronic acceleromgtefs were used. Instéad,Aé mechanical
deviéé called an Impact-0O-Graph was used‘to meaéure’friakial
'aCCélerations; | | |

In the fifst two tests thg polesiénd mast armé'wére oriénted at
.angles to the direction of Vehicie travel; The orientations were such .
that a vehicle would Be’veering-to fﬁe_?ightvof its nofmél'traffic Lape
>in_these tests. The supporis were oriented in this manner due to space
aﬁ& hardware restrictions. However, the double-mast arm sﬁpports
are aesigned for median installétiéns and would normally be exposed to
impacts by vehicles running off the road to the left of the normal
traffic flow. Since the supﬁorts_and the front endsvof the vehicles , : -

are symmetrical, the response of the poles in such impacts is a mirror

~ ~




image of that in an impact at the'same angle from the other side.
Therefore, the final positiohs of the supports-are shcwn_in the |
drawihgs as they would have been if struck in the seme-manner by-a
, vehicle encroechtng~the median. For purposes of these simulations,

a 40 ft wide median (including shouldefs) has been assumed.

fEST LS-1

This test simulated evrelatively 1ightweight vehicle striking
- the support at 45 mph and 20 degrees to the dlrectlon of the roadway.
.The octagonal galvanlzed pole was mounted on a frangible alumlnum
transformer base as shown innFigure l

The vehicle contacted the pole 18 inches to the rlght of the
vehlcle s centerllne but the base shattered allowing the support
tc rotate up. and clear the vehlcle as 1ntended Sequentlal_
photographs.gf the test areAshown:in Fiéure 2, Figu:e'S.shows the
' ftagmentedrhase after the teSttd The ftoht of the VehiclebbetOre and
efter the iﬁpectris showh ih Eigdre 4. The vehicle sustained a
-'tesiduel'deforﬁetidn tc the right frcnt:df O;Edft,e

Time-displacement data from the high-speedifilmsﬂehd teprodUcticns
of the accelercmetet ttaCes eterihciudéd ih the‘eppendik; Table 1
-contains the pértinent-vehiClerdata{ The:spéedsfffcm:the films are
‘average speeds overtabbutr3 ft intéfvéié'pfecédiﬁg cchtect and
.'following the interval of ecceieroﬁetef activity.“;The:eccelerometet.
data in Table i is the average of the right and left frame

accelerometers.,




FIGURE 1,

LUMINAIRE SUPPORT AND BASE BEFORE TEST

LS-1.




t = .359 sec t = .568 sec

FIGURE 2, SEQUENTIAL PHOTOGRAPHS OF TEST LS-1 (Continued).




t = 1.545 sec t = 1.764 sec

FIGURE 2, (Concluded).
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FIGURE 3,

FRANGIBLE TRANSFORMER BASE AFTER TEST LS-1.




FIGURE 4,

FRONT OF VEHICLE BEFORE AND AFTER TEST LS-1.
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. ®&————————— TRAFFIC LANES - S ‘ ' o "~

1

. Simulated

Originél;Base‘
Position

54— . —

40" Median

- TRAFFIC LANES ——— ey

FIGURE 5, FINAL POSITION OF LUMINAIRE SUPPORT IN TEST LS-1.




TEST DATA,

VEHICLE
Year
-‘Makei

- Weighf, 1bs

TABLE 1

TESTS LS-1 AND L§-2 =

Angle-df,Apprcach; deg

" Residual Deformation, ft.

FILM DATA

Inltlal Speed ft/sec
mph

Flnal Speed ft/sec
_ mph '

Average Longitudlnal Deceleratlon

.vi2 - Vg 2 2gS g s

Change in Momentum i
- (W/g)(AV) 1b-s

ACCELEROMETER DATA

Maximum Longltudlnal N
Deceleratlon, g's’

Average . Longitudinal
‘Deceleration, g's .

ec

12

.'tLS;i,I

1963

- Plymouth -

2900
20

0.6

7.
45.8
- 60.7

VSV

o585

144

:2;5]~'

over

0.110 sec.

18-2
1961
ChevfoietA
C4040
25
1.5

'87.6
59.7
78.4

53.3.

4.1

1155

8.2

- 3.6

- over
0.072 sec




The finalrpositién of the luminaire support in relation toriﬁsr_
_bfiginal-positioﬁ and-a hypothetical 40 ft mediaﬁ strip is shown in
: Figﬁreﬂs. In this casg,vthe support would have feméined within the
_ median. HdweVer; thé,errant vehicle entered the oncoming traffic
Ianes ﬁithéut signifiqantly dltering its course; The only conclusion
" that can be dra&nrfrém.this isthat if the'#ehiclerwaé ffaveling‘
‘straight at an angle té the road upon impact with no d;ivér cohtrol,
'ahd if the median was'fiét and level, then such an impact would
ca#ée eﬁcrqgchmént.§f the oncoming tfaffic'lanes by the erfant

vehicle.

TEST LS-2

| This‘téét was.similar to LS-1 except thé Véhicle was heavier5 _A
 theAimpact.angle waé incfeased t0725~degrge§3fand'the bhpac; speed
was SO‘mph>inétead of 45_§ph._ - | | |

: :Tﬁé éast éiuminﬁm trénsformer base, shown in Figures 6 aﬁdv7,

shattgréd~#s éxpectedfandithe pole rotated up énd.clgéréd the véhicle
) as the veﬁigle cbntinuéd onvité course. Seqﬁéntiai photographs of
“the test are shbwn‘inrﬁigﬁre 8. |
The front end of the vehicle had a-fesidﬁaljdéfdrﬁaﬁib# of 1.5
- fﬁ,:as,shoﬁn iﬁ Figure 9. The increased damage is_ﬁrimafiiy due t&j
the»highef imPaCtispeed. | |

| The:Vehicié datéfgiven in Table lvshoﬁs tha£ thgféignificént

deceleration period was about two-thirds as long_as that in Test LS-1,

" which was conducted at a lower speed.




FIGURE 6,

LUMINAIRE SUPPORT AND BASE BEFORE TEST LS-2.
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FRANGIBLE TRANSFORMER BASE AFTER TEST

15

LS-2.



FIGURE 8,

SEQUENTIAL PHOTOGRAPHS

16

OF TEST LS-2 (Continued).




= 1.800 sec t = 2.326 sec

FIGURE 8, (Concluded). -
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FIGURE 9,

FRONT OF TEST

VEHICLE BEFORE AND AFTER TEST LS-2.
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7'y
e — TRAFFIC LANES

31'-1"
[y
\te)

| L ‘ RV o T S ‘ " Simulated 40' Median
7 =R f—— 18"-5"——l - - | |
57'-2" >

Original Base
Position

v

TRAFFIC LANES

FIGURE 10, - FINAL POSITION OF LUMINAIRE SUPPORT IN TEST LS-2.




'figure lO’showa the flaal,positiohlcf the,suppctt; lfhthe imr];‘-e"ri
hadvbeenlmccnted.in:the cehtetrof;a 4O'fcdt'mediah;2the basevafter\”
the:test WOuld haVe projectec eleven feet hofizontally;into the
- oncoming "in51de traffic.lane at an angle of753 degrees to the
roadway.' Under theae Simulated ccﬁditiqns;vthe yehlcle_wcaldlhave‘

crossed the oncoming lanes. : o o N L e

TEST LS—3

This test was deslgned to determlne the behav1or of an, automoblle‘
_sttiking aA"downed" lumlnaire»support under'conditicns which WOuld
haverreaulted from:a'Crash,SuCh as that of Test LS-2. The scppcrt
~from Test LS- 2 Was placed in such a way that ‘the 12.5 ft w1de-i'
concrete slabs that comprise the test apron would simulate the
oncomlng 1n31de‘ trafflc lane.~ That»ls,;the base_extended:ll fti,A
" into the;simdlatec;laneAat an angle of 33 degrees and poihted toﬁatd:
theiapproachihg-test vehicle as shcwh in Figures 111ahd'12; The: |
test vehicle;vwhich was ttaﬁeling in the cehtervquthe simulated'
,traffic 1an§; sttuck'the support,at 61 mph, passed ovetfit,,andv~
: continued:Vittﬁally stfaight ahead:aS'shown in the aequential
photographs of Flgure 13.° Figures 14 and 15 show ‘the support after
the test, while Flgure l6bshows the path of the vehlcle. 7 V

Table 2 glves the f11m and Impact-O~Graph data on the vehlcle.
The-Impact-O—Graph, belhg prlmatlly mechanical, is not as accurate

as electronic devices for measuring accelerations of. this .nature, but

Y

it has been fouhd to give reptesentative-data. Note that the average

20




FIGURE 11, LUMINAIRE SUPPORT BEFORE TEST LS-3.

(Looking Parallel To and In The
Direction Of Vehicle Travel.)
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k44

I

Simulated 12.5'
Traffic Lane

Vehicle
Approach Path

Simulated 40" Median




t = 0 sec ' t = .091 sec

FIGURE 13, SEQUENTIAL PHOTOGRAPHS OF TEST LS-3.
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_FIGURE 14, LUMINAIRE SUPPORT AFTER TEST LS-3.

(Looking Paralliel To and In
Direction Of Vehicle Travel.)
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25"

' ‘ ) ) ;4‘1‘_711 g
- : o ol
~Right Front ’/;557‘?;

Tire Marks

Origlnal Posxtion
of Base

12.5"

l

<>7

" Simulated 12.5"
Traffic Lane ..

l

€——Direction df-Vehicle-Travely'

c7

" Simulated 40" Median

“FIGURE 15,  POSITION OF LUMINAIRE SUPPORT AFTER TEST LS-3.




9z

Simul d Path of Vehicle's
1m9 ate Center of Mass
Traffic Lane ‘

| ' - i Final Position . Initial Position
/ : of Support \/ \Of Support o

{

.I Brékés Applied:

60°' .' \Here

140"

Y.

370" -

N

Final Positibn>of,Vehicle

_ FIGURE 16, PATH OF VEHICLE IN TEST LS-3.




TABLE 2

TEST DATA, TEST LS-3

VERICLE

: Yeaf

Make
Weight, 1bs

' FILM DATA

Initial Speed, ft/sec
, . mph '

Final Speed, ft/sec |
S mph

" Time in Contact, sec S
Average Longitudinal Deceleration

© AV/ght = g's

IMPACTfO—GRAPH DATA.
,LongifudinalvDeceleratioﬁ"
Méximuﬁ; g'é 1 '
Average, g's
Time, sec -
Vertical Acceiefatiqnx
© Maximum, g's '
Averagé, g’é"
Time,'Sec ;
‘Transverse Acceleration
Maximum, g's
Average, g's

Time, sec

L8-3

1963

Chevrolet
3630

89.6
61.1

. 84.1
57.3

0.355 -

O-I‘S

3.4
- 0.1
0.502
13.5°

0.2
0.502.

'13.5
0.05
0.502.




vﬁ7deceleratlons (or acceleratlons).are iow;hbut‘the neak acceleratlonsu,x
h;are substantlal in the vertical and. transverse dlrectlons. However,

' these peaks are of short.duratlon, and the vehlcle exhiblted no.
'li_tendency to spln out or otherwise deV1ate signlflcantly from its¢
‘erglnal'path except for.a»gradual curvature to the 1eft. Both the |
left front and right rear tires were deflated by the 1mpact.,‘

-The‘luminaire‘support was.pushed around to an angle of‘85bdegrees
.to the roadway, and extended 25 feet 1nto the traffic lanes after the

'}test . Note in Flgure 13 that the vehlcle did: not contact the

| fragmented base but ran over the shaft only

'_"’28




* DISCUSSION OF TESTS RESULTS |

The breakaway behavior of 56 ftA&oﬁble¥mest arm luminaire supports
.with,frangible trensfp%mer bases ie satisfactory'undef”the conditione
.eof fhe fifst twolteets. The vehicles passed under the supports, after:
‘eshearing them from. their bases, and contlnued on essentlally thelr .

-~ original pathsr |

If the poies wefe instailed-in the center of a 40 ft median

' (including shoulders), a 20° imbacf by a 2900‘lb-vehicle at 45.mph~
wQuld”probably ﬁot cause the pole to encroach en the Qpposingvtreffic
lanes. However, in the single test under these eonditions;_the'final
~position was marginal, the base of the suppdrt being 1 ft from the
‘roadway. A 4000 1b vehicle impacting.at 25° and 60 mph causes the
pole to encroach 11 ft into the opp031ng 1n51de traffic lane. Both

- conditions allowed the vehicles to cross 1nto the hypothetical traffic
'blanes and thlS may be more of a hazard than tne poles themselves.

If a medlum size vehicle encounters.a support in its traffic
iane and strikes it with all wheels on the pole shaft-(not-streddle
| fhe beseiend not attempt to maneuver) at 60 mph, it may be able ﬁo
continpe'sﬁraightfahead until control is regained. Ho&ever; no
_firm_conclusidns can be drawn froﬁ~one test. The support sfruckiin
~such e.ﬁanner’would-possibly be‘shiftedf into,the adjacent treffic lane

and thereby furnish a further hazard to other- traffic.

29




" -determining a "Relative Hazard Index" for alternative iighting-systems'v

DEVELOPMENT OF A RELATIVE HAZARD INDEX

FOR LUMINAIRE SUPPORTS

The purpose of this sectibn is‘to:forﬁulatevthe procedure for

on a typical freeway-type facility. Specifically, the "Relative

Hazard Index" describes the relative hazard created by the proximity

- and frequency of luminaire supports,

The alternative lighting_systems presented,inrthis.comparison

are bésically "median-mounted" and "house—side";lighting systems atb

'moﬁnting heights of 30, 40, 45, and 50 ft at a 5:1 spacing-thmountiné

" height ratio. Each of the systems is illustrated in Figure 17 and .

described briefly in Table 3,
" Table 3 summarizes the data'for each of the alternative 1ight—r

ing systems and presents the Relative Hazard Index for a 44 ft median,

'a design of special current interest. 'A_éﬁﬂilar comparison can be

ma&e for any median width. This Relativé-Hézard Index is computed

'»as,therroduct_of:

1, The relative index of a:véhiélerimpacting a
1uminair; sﬁpPOrt based'an laterél distanég'from
the traveled way;

2. The relative number of hazards ﬁér_unit lepgth of
roadway; and | |

.3. The reiative number of trafﬁicVStreams (directions)

to which the luminaire supports are exposed.
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30' T0 50' MH.

|-’|o‘ 1l —24'-

>

N

N—

_%_

N

N

+
N 5
b

Typical median installation with cast aluminum T Bases 30, 40, 45, &
50" MH. Alternate Designs 144, '

| 24" -: “ + |o—4 |

k-10' ql —24' — -‘:‘L,Z-

A new concept in median-mounted systems. This concept is intended to
provide a dual support with either support having the strength to support
the lighting units independently should one of the supports be struck
by a vehicle. Alternate Design 5. :
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50' M. H.

VMedlan—mounted system offset 30 feet from one direction of- traffic

.The
concept is intended to raduce to a minimum the probability of an impact

that would cause the support to enter the opposing traffic. Alternate
Design 6. .

50 M.H. TYP.

Typical House—side installation with cast aluminum T—base

Alternate
Designs 7-10.
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TABLE 3

FOR A 4~LANE' -

RELATIVE HAZARD INDEX COMPARLSON

FREEWAY WITH 44-FOOT MEDIAN

3)

15"

332

1.492

e3) L @' (). | (® Q)
(a) (®). (o) (@ (a) () o) ’ ' '
Description of Alternative Lighting Design - Percent. Probability of Vehicles -
- . _ Traveling Indicated Distance
From Edge of Roadway
B.'elétive L )
o Distance Probability : No. of"
: Longitudinal from ‘ : Index of . | Relative Traffic
Mourniting Spacing of Location Roadway to | Percent Estimated Vehicle Col=| No. of " Streams
] Height of Luminaire - of Luminaire | Probability | Percent lision with | Luminaire | Exposed to | Total Relative
Alternative | Luminaires | Support Luminaire 1{Support (Hutchinson | of Impact Luminaire Supports Luminaire Hazard | Hazard
Design No. {£t.) (5:1 S/MH) Support (ft.) | Est.) Angle > 20°/ - Support Per 2507 Supports Index Index
1 30’ 150" Median 22! 22% w22 . X 1.66 X 2,00 = - .,730 1.58
2 40" 200" | Median 22 22% ) .22 X .25 X 2,00 = .55 |.' 1.19
3 45" - 225" Median - 220 22% - 5% .231 X 111 X 2,00 = .53 1.11
4 50" 250" Median 22' 22% 5% .23 X 1600 X 2.00 = 4621  1.00
5 50" 250" Median 12! 55% ‘ . L .
: . 32' 9% .32° X 2,00 - X 200 = 1,280 . 2.77
6 50" 250" | Median 30" 11% _ o _ ,
‘ o ‘ 14" | 46% 10%* .308 X 1,00 X .2.00 = .616 1.33
7 50" 250 1 House-side ] 15* 45% 45 X 2,00 X - 1.06. = ,960 | 1.95
8 45 225 House-side | 15 45% W5 X222 X 100 = 1,000  2.16
40° 200° House-side | 15" . 45% .45 0 X .2.50. X 1.60 - = 1,124 | 2.43
10 30 150" House-side ° 45%. LWAS X X =

3.23

.'_*Aqsumes‘suppcrf»méyrfall_ﬁcrdﬁs,:wb ;anés.'




,tivexdesigns. The .two distances given for Alternative Design Numbers

To explain the source of each of these factors, reference is made
again to Table 3. - Column 2(a) gives the lateral distance .of the

support from the‘edge of the ‘traveled way for each of the alterna~

5 and 6 represent two supports in Alternative Design Number 5 and an
offset situation in Alternative Des1gn Number 6 Column 2(b) of -
Table'3 gives the percent probabllity that an errant vehicle will
travel a suff1c1ent lateral distance from the ‘traveled way to
become involved in a collision with a.support. These valueS'areif'
basedvon-frequently referenced data;reproduced in Figure 18(a)'from
Hutchinson reported bv K.-A.VStonexs.v. ; : -

Column ékc) of Table'3‘gives the estimated=percent probabildtv of

Secondary’collisions;caused“by_the luminaire support*fallingfin an

: opposing'traffic lane and being struck,by-an onconing vehicle. The ' ‘ R

percent probability is determined on the basis that only supports
struck at angles greater than 20°Aw111 fall in the opp031ng traffic

1anes. Further, this effect is con51dered ‘only for 45 and 50 ft

'supports. Shorter support lengths are assumed to always fall w1thin

the median. The percent probabilities were - obtained from Figure 18(b).

In Test LS 3 involv1ng a vehicle running over a downed 50 ft
steel luminaire support there was strong_evidence that the=secondary
collision was of no_greater severitv than the initial impact with the

upright support.. Therefore, the relatiyefprobabilitv index of collisions

' (col. 3) was determined by increasing the'percent'probabilities (col. 2b)

by the estimated percent of impact greater than 20° Kcol.AZC).
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PERCENT

COMPARISON OF PROVING GROUND HUTCHINSON
" AND CORNELL "HAZARD" CURVES

100 §

 E— T 'I . ll "'l
90 o
80 i
70 .
60 . | .
50 1\ HUTCHINSON OBSERVED o
40 T \ N ,HUTCHINSON ESTIMATED ]
0 F \ \ o N
\ PROVING GROUND
20 | | 4
S R 1
CQRNELL%\\;:. ._1__ L FL, ' '. —
0 10 20 30 40 50 60 ‘7O 80 90 100
DISTANCE FROM EDGE OF PAVEMENT——FEET
" 7 18 (a) - _
- PERCENTILE DISTRIBUTION OF
' ANGLE OF VEHICLE ENCROACHMENTS
7 100 - | T R T T

~ PERCENT

s { L

o 5 10 15 20 25 30 35 40
“- ANGLE OF DEVMT'ON—DEGREES
18 (b) : .
FIGURE 18

- From Stonex, K. A. Relation of Cross-Section

Design and Highway Sa_fetyS'
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‘50 ft median-mounted system as unity.

Thebpercent probaﬁility (Column 2b) actually used was a computed v _
average.
In Column 4, the relative frequency of exposure of a.vehicle

to luminaire supports is computed using the 250vft spacing of the

Column 5 lists the exposure indices'based on thé expoSufé}of
the traffic streams to luminaire suppofts. The median-mounted systems
can be struck'from either direction, whereés the'house—siAe syéfems
can only be struck from one direction. | | |

Column 6 represénts the combined total hazard index’(of a ve-

~ hicular collision with a luminaire support) based on lateral distance
. from the roadway to the luminaire sppport, the relatiVe number of

- hazards per mile, and the exposure to traffic flows. It is obtained

by computing the‘productlof'Columns 3, 4, and 5. - - o ) _ v A ;
For ease -of intefpretation,'the total hazard index values of

Column 6 are converted to a base of unity by dividing all values by

the smallest value in‘the column. Thése values, called the "Relative

" ‘Hazard' Index", are prééented in Column 7.

RELATIVE HAZARD INDEX VS. MEDIAN WIDTH

To compare the relative hazard for various median widths, a
similar analysis was made of a 50 ft, median-mounted system in

median widfﬁélrangihgfﬁrbm*lo'to 60 ft.: The details of the analysis

~ are shown in Tablejé;;

It should be nétéd-that‘Column'3(é)~of Table 4 contains the

relative pfobabilityhdfbgrseqondary collision occurring due to
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TABLE 4

MEDIAN WIDTH VS RELATIVE PROBABILITY INDEX
MEDIAN AND HOUSE-SIDE LUMINAIRE SUPPORTS

50' HEIGHT - 250' SPACING

Percent Probability of Vehicles

L (2) Traveling Indicated Distance (4) (5) (6) 7 (8)
From Edge of Roadway
(3)  Relative
Probability
(a) ®) () Index No. of
Distance of Vehicle Traffic
from Percent Estimated Collisiqn Streams i Relative
Median | Roadway to | Probability Percent with Exposed to | No. of Total Relative

Width Luminaire (Hutchinson of Impact Luminaire Luminaire Supports..| Hazard Hazard

Location (ft) Support Est.) Angle > 20°| Support Supports " Per 250" | Index Index
Median 60" 30 ! 11% —— .110 . 2.00 1.00 .220 1.00
Median 55" 27.5" 13% - .130 2.00 1.00 +260 1.18
Median 48" 24.0° 18% 5% .189 2.00 1.00 .378 1.72
Median 46" 23.0" 20% 5% .210 2.00 1.00 420 1.91
Median 44° 22,0 22% 5% .231 - 2,00 1.00 462 2.10
Median 42" 21,0 257 5% .263 2.00 1.00 .526 2.39
Median 40" 20.0' 28% 5% .294 '2.00 1.00 .588 2.67
Median 35" 17.5" 37% 5% .388 2.00 1.00 .776 , 3.53
Median 30! 15.0 457 107% .495 2.00 1.00 2990 4.50
Median 25" 12.57 527 10% .572 2.00 1.00 1.144 5.22
Median 20" 10.0' 597% 107 .650 2.00 1.00 1,300 ° 5.91
Median 157 7.5' 67% 10% .738 2.00 1.00 1,476 6.71
Median 10’ 5.0 75% 107 .825 2.00 1.00 1.650 7.50
House-side 5 45% —— .45 1.00 2.22% 1.00 4,55

*Recommended Spacing of 225 feet for House-side Installations-—discuss in text




opposing traffic striking the downed support in the opposing traffic
'1ane.r This is based on Test LS- 2 a 4000 1b vehicle striking a 50

Afft support at 25° and 60 mph, in Wthh the lateral translation of

':'hthe pole base was 31 ft. Assumlng that an encroachment of more__‘_

*than four feet into a traffic lane may result in a collision, the

, estimated percent of 1mpacts greater than 20° were determined from‘

:_Figure 18(b) | o | | B

: Figure 19 shows a plot of the values for Relative Hazard Index
br’vs. Median Width for a median—mounted system and for a 50 ft house—
side system with . supports 1ocated 15 ft from the edge of the roadway
Von both sides. This comparison indicated that median—mounted |

Alighting systems produce less hazard than house-side systems for'*

”median widths 30 ft or greater.
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MEDIAN-MOUNTED SYSTEM

HOUSE -SIDE MOUNTED SYSTEM
_ (BOTH siDES)

RELATIVE HAZARD INDEX

. l.— .  | ' I'V l [
) r_ ) 1 1B N LI ) |_ i
10 20 30 . 40 50 60

MEDIAN  WIDTH ~FEET

| RELATIONSHIP OF RELATIVE HAZARD INDEX

TO MEDIAN WIDTH FOR MEDIAN -MOUNTED
~ AND HOUSE MOUNTED 50 FT. Lummmt-:
L ASUPPORTS | SRR
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CONCLUSIONS. -

Based'on‘the results of the three crash tests and deYelmeent

- of the Relative Hazard Index, the,following_eonclusionsrare drawn:

1.

would cause a pole to encroach approximately

The breakaway behavidr of 50 ft double-mast arm ; C .
lumlnalre supports with frangible bases is

satisfactory under the conditions of Tests

" LS-1 and L$-2.

A 20° impact by a 2900 1b. vehicle at 45 mph .

_WOuld probably not cause a pole to encroach

on the opposing traffic lane if the median is
40 ft wide (including shoulders)

A 4000 1b vehicle impacting at 25° and 60 mph ‘ s S

Vll ft into the opposing inside traffic lane if

- the median is 40 ft wide (including shoulders). . -

Bothvconditions (2) and (3) above wduld'allow, _
the impaeting vehicle to cross“intbethe

opp031ng trafflc lanes, and tnis may be’ more of

‘a hazard than the poles themselves. ’
:'A medlum size vehlcle whlch encountefs'a
7,support 1n its traffic lane and strlkes it with

- all wheels on the pole shaft (not straddle the

o base and not attempt to maneuver) at 60 mph

-would probably be able to continue stralght

ahead until control is regalned.
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From a relative hazard standpoint, 50 ft high -

median-mounted luminaire systems produce less

r-hazard>;hhn hOQSéfside systems for-mediénbw1dths»’

' of 30ft or greater.
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TABLE A-1

FILM DATA FROM TEST LS-1"

‘Angle Pole

Vehicle ’ Makes With
Time Displacement ' , o ; . Vertical
(msec)  (ft) | Position of’Luminaire‘ngport __(dee)
-45 . -3.0
=33 <202
=20, -1.3
-6 0.5 |
0 o - 0
5 0.3 | - o
10
18 © 1.2
30 . 2.0
43 2.7
55 3.6
68 4.3
80 5.1
93 5.8
105 6.6
118 7.4 |
130 8.1  Base at bumper levei»in : 17
B ~ contact with the vehicle.
155 9.6 '
168 10.4
180 11.1 .
193 11.9
205 12.6

Axial Rotation

(counter—~clockwise

from top)

(deg)

. Remarks

Impact. ‘
Base Crushing.‘

'Pole starts»to move.

‘Maximﬁm»penetration of

vehicle (7).



<%

Time

Displacement

218
231
243

256

268

281
293
306
318
331
343
377

503
628
754
880

1005

1101

1131
1216

13.3
14.1
14.9

U 15.6

16.4

17.2

17.9
- 18.7
19.4
20.2
21.0
23.1

30.6
38.0
45.2

52.4

59,3
64.7

66.0

‘moving away

‘above-hOOde

" FILM DATA FROM TEST LS-1

Position of Support

Base 6" below top of hood and

Base lf in front and 1'

Base 1' in front and 2'
above hood.

Basé even with front of hood
and 5.5' -above  it.

Base 1' behind bumper and 6'

‘above roof of vehlcle

Base 4' behind bumper and 8'
above roof.

Base 9' above center of roof

Base '12' above center of trunk

Pole Angle

24

35
45
60
73
82

93

106

(Continued)

Axial Rotation

10

12

30

40

Remarks

Loss of contact with vehicle.

Tlp of left arm touches
ground

Top of pole touches
ground




9%

Time

Displacement .

1256

1275

1364

1533

1659

1784

1910
2008
2123

2259
2386
© 2510

2637

2754

72.9

FILM DATA FROM TEST LS-1

Position of. Support. -

Top of pole on ground and arm

tips equal height above
ground (arms bént)

Right arm only touchlng

,ground

No part of pole touchlng

" ground.’

 Pole flat on ground' top and -

rlght arm on ground left
arm in air.

Entire pole 1' above ground.

Pole base touches ground agaln,.

right arm on ground.

Pole base at rest, top almost -
on ground, right arm on ground.

- Final Positions:

Pole Angle

‘114;

100
95
90 -
90

87

90

‘(Conoluded)

Axial Rotation

0

Remarks

Vehicle goes out of‘view.v

“Tip of rlght arm h1ts
__the ground

“ Base hits ground.

BASE: ‘193" to the right and 54'0" behind its orlglnal p031tion.

" RIGHT ARM TIP:. 18'4" to the right and 1'11" behind original positlon of base. .

LEFT ARM TIP:. 6'10" to the left and 7'1" behind original position of base.
TOP OF POLE: 7'11" to the right and 9'0" behind original pesition of base.
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Ly

Time

- (msec)

" Vehicle
Displacement

(ft)

-38
=31
-23
-15

_8‘

0.

15
31
46

62
72
88
95

100
115

139 .

154
169

184

200
215

~3.4
-2.7
-2.0

-1.3

-0.7
0.7
1.3
2.6
3.8

5.0
5.9
7.4

8.0
9.2
11.1

12.2A
13.4
‘14,6
15.8
17.0

TABLE A-2

FILM DATA FROM TEST LS-2

_ . Angle Pole Makes
Position of = ‘ - With Vertical

Luminaire Support e (deg) “-..Remarks

0 Impact

Base cracks.

Accelerometer traces show event over.
15 . -Pole mov1ng‘re1at1ve to car

Pole begins to bend. (metal deforms).
. Until this tlme pole is in form
of an arc.

20 , .~ Vehicle front wheels leave ground
(Unable to see when they touch.
ground again.)




Vehicle
. Time -~ . Displacement
. (msec) (ft)
231 18.2
246 19.4
261 20.6
277 21.8.
295 22.7
439 33.8
558 43,0
634  48.8
740 56.5 -
899 68.0
992 . -
1081 -
1770 —
1879 -

2313

FILM DATA FROM TEST LS-

. Position of o
~Luminaire Support

Base 1' in front of ?ehicle at
headlight level.

Basell' above front’edge of ﬁoodP

Base 5' above hood and 1.5' behind -

front. bumper.

Base 7' above hOOd,aﬁd'S‘ behind

front bumper. 
Base 7' éboﬁe‘front edge of roof.

Base 12' above center of trunk.

Both arm tips off ground.

‘Top of pole on ground, west arm in air.

Base on ground,btwo arms and top of

pole in air. - Base has rotated back to

its original position.

East‘arm recontadcts ground. Base,
top, and west arm in air. )
Base ét'rest‘on'gtOQnd,‘east arm on
ground, top and west arm in air. .

2 (Continued)

Angle Pole Makes
With Vertical

(deg)

40

51
64
75
90

109

117

- 127
90
97 -

90

Remarks

LossMof-contact'éxéept‘for .
raised part of hood. '

Tip of west arm touches ground.

‘Base has rotated 45° counter-
'clockwisef Car goes out of view. .

Top of pole touches ground.

Tip of east arm touches ground.
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- FILM DATA FROM. TEST LS-2 (Concluded)

- Final Positibns_of Luminaire Support:

BASE: 31'1" to the rlght and 57 2" behlnd base plate

’ EAST ARM TIP: 12 11" to the rlght and 6'6" behlnd base plate;

WEST ARM TIP: 4" to. the right and 15 11" behlnd base plate.’

TOP OF POLE: 0'7" to. the rlght and 18'5" behind base plate.
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