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anal accident rates. the conflict rate was never
found to be attributable to any single intersectlon
characteristic but was probably the result of the
combinatlon of several. So¡ne evidence suggests that
nodification of exlsting signals may result in a
slightly hlgher conflict rate than nlll the instal-
latlon of a new signal, but the supporting data are
sketchy at best. The sâne is true for accident
rates. At best' all that can be sald about accl-
dents based on the data gathered in this study ls
that, in general, the ratio of accidents involving
left-turnlng vehlcles to all accidents that oscur at
the intersections increases after E/P slgnals are
lnstalled.

This stualy has made so¡ne determlnations, but more
work ls still to be done. A study ls under gray at
the research council to deternine vrhat types of in-
tersections lend themselves to E/P signal treat-
ment. To establish guidelines for the lnstallation
of, E/P left-turn phasing at neer locatlons and for
modifying existing locations, a cornparison is being
¡nade of existing E/P fntersections and non-E/P in-
tersections on the basig of such characteristÍcs as
approach and left-turn traffic volumes, trafffc nix,
speed limit, geonetrics, sight distânce, accident
and confllct rates, lntersectlon conflguration¡ and
corunerc ial development.
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Safety Effects of Rumble Strips on Secondary Roads

R.L. CARSTENS

Research was undsrtaken to ident¡fy spec¡f¡c locat¡ons whoÌs rumble strips
could ¡mprove safoty on rural secondary roads. Of the 685 rumble-str¡p in-
stallations on secondary roads in lowa,207 were selected for detailed study'
At 88 locations a before-and-after comparison of the accident experience was

made bocause accident records wefe available for at least one full yeaÌ both pro.

ceding and lollowing ths ¡nstallation of rumble strips. (Accident records were

available only for 1977-1980.1 The accidont exper¡enco st the 119 locations
ihat havo rumble strips ¡nstalled bofore 1978 was compared with a sample of
comparablo locat¡ons that do not have rumble strips. No difference was found
in the accident exper¡ênco at secondary road locations betweon tho p€riods be-

fore and after the installation of rumblo strips, Secondary road locations thât
haye rumble str¡ps for longer periods experienced slightly moro acc¡dents than
did comparable control locations that d¡d not have rumble str¡ps. Comparisons

wer€ made on the basis of both tho total number of accidents and the number
of acc¡dents attributod to running a stop s¡gn. Futthermote, no correlation
could bs demonstrated botween the occurrence of acc¡dents at the locations
in the sample and factors such as traff¡c volume, sight distance, and distance
from the last stop.

The use of rumble strlps on paveil rural secondlary
roads has often been suggestetl as a tneang of enhanc-
ing safety. Runble strlps are used widely fn some
jurisCtictions ln atlvance of intersectlons controlLed
by stop signs. À few Jurisclictions also make use of
rumble strips in advance of railroail grade crossings
or at other locatlons thought to require suPple-
mental warning devlces.

No definltive guidelines or $arrants have been
developeil to suggest locations at which rumble
strips should be installed. sone of the research
reported in the literature indllcates that they can
be effective in reiluclng accidents at sorne loca-
tions. on the other handr several studies of
rumble-strlp use have shovrn that the nunber of acci-
dents does not change fotlo$lng the lnstallatlon of

rurnble strips, although the nu¡nber of certaln tl¡pes
of accidents may be reduced.

BÀCKGROT'ND

Reeearch was undertaken to ldentify specific loca-
tions where rurnble strips couldl be expecteal to im-
prove highway safety. Factors that were consiilereil
lnclude lntersection slght dllstances, approach gra-
dients, accldent experience, and tlistance from the
last stop. These factors irere quantlfletl through a

field lnventory of selected locations l-n fowa nhere
runble strlps had been installed. Ànalysis of the
correlation of these factors wlth safety made use of
the accitlent records avallable in rowa through the
accident location and analysls syste¡n (ALAS).

The goal of the research nas to improve safeÈy on
rural secondlary roads by recommending guidelfnes or
$arrants for the use of ru¡nble strlps. To accon-
push thi6 goal those factors erere to be ltlentlfle¿l
and quantified that couldt be used to illstingulsh be-
tr{een locations tthere rumble strlps could be Ehown
to be effective ln retlucing acclilents and thosê lo-
catlons where no beneficlal effect on accldent fre-
quency may be expected. The effect of each factor
was to be quantlfled so that nurnerical narrants
could be developed.

SURVEY OF RIJMBLE STRIPS ON SECONDÀRY ROÀDS IN IOI{A

Sa¡npIe

The sâ¡nple was aleveloped by neans of a mailed survey
sent to each of the 99 county englneers in lovta.
Information nas requesteal on all rumble strlp loca-
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tlons on the secondary road system in the state.
fwenty-four countles reported that no runble

Etrlps had been instalÌed on secontlary roads. other
counties reported from I to 41 locatlons at which
rumble strips had been installetlr for a total of 685
rumble strip lnstallations. of these 661 were at
stop slgn locations and 24 rÍere at other locatlonsr
prlmarily at railroad crossings.

The sample for the fleld study was selectetl as
follolrs:

1. Runble strip installed in 1978 or 1979--a
Ioo-percent sanplet

2. Rumble strip lnstalled in 1977 or earller--a
sO-percent sample with a maxirnu¡n of six frorn any one
county.

Locations to be ínventorieil for the sanple of loca-
tlons that have had runble strlps since at least
1977 ¡rere selectêd by using råndon numbers as grid
coordinates to avoÍd a blas in dlesignatíng the
gample locations. Control locatlons for a conparl-
Eon of accldent experience r¡ere in the same county
or a contiguous county in fowa and were located and
selected by the fleld crew to be cornpârable in terns
of geonetrlcs and trafflc control. A location was
excluded if there had been a slgnificant change alur-
ing 197?-1980 ln traffic control, surface tlpe, or
any other characteristlc that ¡¡ould invalldate a

13

before-and-after cornparison of accldent experience
at the location.

The nunber of locations included in the secondary
road sanple was aa follows:

1. Before-and-after co¡nparison of locations r'lth
rumble strips installedl fn 1978 or 19791 88;

2. Locatlons with rurnble strips installed 1n
L977 or earlier, 119t and

3. f,ocations wfthout runble strlps for control
purposes. 119.

The types of locations at which these rumble strip
installatlons Ìrere located are shonn ln Figure 1.
Tlre number of locations of each type ls glven ln
Table I.

Inventories and Ànal.yses

Àn inventory of fleltl condlitions was performed at
each of the 207 locations r¡ith rumble strlps that
were included in the data såmple as well as at the
I19 Locations wlthout rurnble strips that were used
for control purposes. rnforrnation was recorded in
the field for all of the índependent varíables
Iisted ín Íab1e 2 except those related to trafflc
volu¡nes.

An accldent recoral was obtalned for each runble
strip locatlon included ln the sanple andl for asêo-

Fisurel' rvpesoflocationsincludedinrumblestripsample' 
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Table 1. Summary of secondary road sample by type of locat¡on.

Nu¡nber of Locations
Typc of
lnstallation Without Control Pairs with Control
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rurnble strips. One possible basis for comparison is
the before-an¿l-after experience at one location.
Such a sample couLd be obtained for this research if
ru¡nble strips had been installed in 1978 or 1979.
fn these cases either one or two years of accident
datâ !¡ere available for the period preceding instal-
lation of rumble strips, and either one or te¡o years
of accident data were available followÍng their in-
stallation.

Rumble strips instatled Ín either 1980 or 198I
did not have a sufficient amount of accldent experi-
ence on which to base a comparison; thereforer such
lnstallations could not be incLudetl in tbe sarnple.
On thê other hand, if rumble strips hâd been in-
stalled in 1977 or earlier, a comparison of accídent
experlence could be made v¡ith a location that vras
simllar in all essential respects except for the
absence of rumble strips. fn these cases accident
experience was compared for 1978-1980 for installa-
tlons maile ln I97?, or for 1977-1980 for earlier in-
stallations. The year during wl¡Ích rumble strips
werê installed was always excluded from a comparison.

The 10 type-8 locations (railroad crossings) an.l
the I type-g location were deleteal fro¡n the second-
ary road sarnple. No accidents Ìrere recorded at any
of these locations during 1977-1980. Therefore' the
inclusion of these unique instaLlations in a larger
sample could not contribute meâningfully to a data
analysis. The re¡naining secondary road sarnple in-
cludeil 85 intersections with rurnble strips installed
in 1978 or 1979, 111 intersections with rumblê
strips installetl before 1978, and 1II intersections
without rumble strips.

FINDINGS

One of the purposes of the accident data anaLyses
hras to quantify the reduction in accidents at loca-
tions where rumble strips had been instalLed. À
further purposer assuming a safety benefit from in-
stalLing rumble strips, was to identify the factors
that distinguished locations that experienced a re-
duction in accitlents followlng lnstallation of rurn-
ble strips fro¡n those where no such re¿luction had
occurred.

To accomplish this analysis the factors displayeil
in Table 2 were quantified. Two different dependent
variables were used, the total acciilent rate at a
Iocation (NTA) an¿l the rate for accidents involving
a ran-stop-sign notation by the invest.igating of-
ficer (NRA). In both cases accident rates were ex-
pressed in the number of accidents per milllon en-
tering vehicles (MEV).

Aslde fro¡n NTA and NRA no effort was made to seg-
regate accidents by type. The available data did
not indicate that the frequency of any particular
type of accident l'as influenced by the presence or
absence of runble strips.

Accident severity rras not consldered as a vari-
able ín thís research. The results of an earlier
study of experlencê ln lowa erith runbLê strips on
county roads showed an almost perfect correlatlon
between accident severity and the total number of
accidents. The average severity was the sarne both
before and after the ínstallation of ru¡nble strips.
Furthermore, because the nurnber of âcci¿lents typl-
cally occurrÍng at the rural locations included ln
the samples for this study was so snall, the random
occurrence of a single fatal accident could have
seriousLy distorted conparisons basedl on accident
severity.

Average values for the dependent variables are
given in Table 3. As indicated in the table' the
differences in accídent experience between compar-
able samples are not significant. For example, the
average rates for total accidents are the same be-
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Table 2. Variables used in modsls.

Cocle Variatrlc

Dcpendent

NTA

NRA

Total accident rate ît nodc (accidcnt/nrillion eDtcring vehi-
clcs per year)

Run stop sign aocident rate at node

I ndepcndent

INTDR
IlwY
CONl'ROL
I^NGLE
DUMMY
MIrV
APPROACI.I
INTERVOL
VISI BLE
Sf DE

RIGI'IT
LEI;T
MILE

EL

WIDTI'I
T;ILLET

lntersection type (secondary or prinrary)
llighrvay type (T-type, RR-Xing, or other)
Type of control (onc-way stop or others)
l¡¡tersection angle (dcgrces)
Presence or absc¡rcc of rumblc stri¡r
Million entering vehicles per year
Approach volume for l¡nk with rurnble strip
lntersecting vo¡r¡Ì¡lc
Distance stop sign is visible (ft; maxirnunr of I,000 ft)
Nr¡lnber of drivcrvays, fieltl crìtranccs, and gravel roads
within 0.5 ¡nilc

Iìight s¡ght triangle length (ft; nraxinrunr of 1,000 ft)
Lett sight triangle length (ft; nraximunr of I,000 ft)
Miles of t¡avel fronl last stop sign, reduct¡on in specd to 30

rnph or less, frceway cntrance, bcgitrning of pav0nlcnt, or
travel through incorporated city

Difference in clcvation, point 200 ft fronì intcrsccting road
relâtivc to center of intersection (in.)

Paverncnt width (ft)
Lcngth of intersecting fillct (ft)

Table 3. Mean values and standard deviations of dependent variables used
in models.

Accident Rate
(Accidents/MDV)

Dcpendent Variablc Mean SD

Rumble stripsinstalled 1978-19?9 (N = 85)
Total accidents, before
Total accidents, âftcr
Rl¡n-stop-sign accidents, bcforc
Run-stop-s¡gn accidents, after

Rumble strips installed bcforc I 978 (N = I I I )
Total accidents
Run-stop-sign accidents

Control i¡ìterscctions, no runtble strips (N = I I I )
Total accidcnts
Run-stop-sign accidents

l.244
1.236
0.588
0.608

l 000
0.35 2

0.'193
0_304

2.335
1.887
l.674
t.439

1.283
0.6t4

1.201
o.647

ciated control locations. This information was
available only for calendar yeârs 1977-1980 from
ÀLAs, a conputer-accessed accldent record storage
syste¡n maintalned by the office of Safety Programs'
Iorra Departnent of Transportation.

Àccident records were obtalned to compare the
accident experience at locations that have rumble
strips with comparable locations that do not have



Transportatlon Research Record 926

fore and after rumble strlp installation at the Io-
cations where rurnble strips were installed in 1978
or 1979. The average rate for the run-stop-slgn
type of accident is 3 percent higher following the
installation of rurnble strips.

fn a comparlson of lll intersectlons with runble
strips installed before 1978 with 11I comparable in-
tersections wlthouÈ runble strips the control loca-
tions show lower accident rates. The difference is
21 percent in the case of total accialenÈs and 14
percent in the case of run-stop-slgn accldents.
These differences are not statistlcally significant.

Because no safety benefit is apparent from the
installation of runble strips on secondary roads,
analysls of these data failed to identify any vari-
ables that were significantly associated rrith a
favorable effect on accident experience. Regression
analyses were undertaken by using several different
subsanples based on t.he type of location. None was
successful in demonstratlng that ru¡nbLe strips could
be expected to improvê accident experience in asso-
ciation wlth any particular characteristlcs of an
intersection. Cross-classlfication analyses and
discrirninant analyses were equally unsuccessful.

Further evaluatÍon v¡ere carrieil out by using only
t.he before-and-after sanple. No accidents vrere re-
corded at 28 of the 85 locations during both peri-
ods, before anal after the installatlon of runble
strips. Accident experience inproved foltowlng in-
stallation of rumble strips at 27 of the other 57

l5

Iocations, worsened at 26 locations, and was un-
changed at 4 locations. Analyses of slngle-vehlcle
run-off-the-road accidents at T-intersections showed
no dlfferences betvreen the before and after experl-
ence. The proportions of accitlents that occur at
night also exhibited no change followíng the instal-
lation of rumble strips.

CONCLUSIONS

The freguency of accldents at rural locations on
secondary roads was independlent of the presence or
absence of rumble strlps. No factors were identl-
fied that characterize locations erhere a reiluction
in accident frequency could be expected to result
frotn the installation of rurnble strips. Although
secondary road intersections that have accident
rates trigher thân 2.5 accldentsl¿lEv always showed a
re¿luction in accident rate following the installa-
tlon of rumble strips, this reduction would be ex-
pected by chance glven the low trafflc volumes and
lnfrequent occurrence of accidents at these loca-
tions.
Nolicc: The research rcportecl hue was cqnied out by the Engineering Re-
seatch hrstitute, Iova Stotc Univeßity. It vas sponercd by the l.lighwa! Di-
visíon, Iowa Departnrcnt of Trans¡nrtation, through the lowa Highway Re-
search Boarcl. The author, however, rctains resrynsibilitv þr the íntcrpretations
offactual ùtput to the research ond fot its lînd¡ngs and conclusiotts, which are
not necessarily those of the Highway Division of the Iowa Departnetrt of Trans-

Wrtation.

Sign Vandalism-Costly and Dangerous National Problem

HIMMAT S. CHADDA AND EVERETT C. CARTER

Sign vandalism has become a costly and often deadly national problem, ln ad-
d¡t¡on to the millions of dollars ¡n cost to replace vandalized signs, this s¡tu-
ation den¡es motorists the crit¡cal informat¡on necessary for safe driving and
¡ncreases the potential for severe traffic acöidents. Nationally, the replacement
costs for vandalized signs are startling-about $50 m¡llion annually in direct
costs and indirect costs for injuries and tort l¡ab¡lity claims of about tho same

magn¡tude. The accident statist¡cs on fatal¡t¡es, property damages. and per-
sonal in¡ur¡es that result from vandalized or missing signs are frightening and
po¡nt out ihe magnitude of the problem. Some iurisdictions have become
alarmed at the ¡ncfeasing rate of sign vandal¡sm and its sdverse econom¡c,
social, and safety impacts. Tho nature, magnitude, and cr¡t¡cality of the sign
vandal¡sm problem requ¡res a strong concerted effort at both the national and
local levels to combat th¡s costly and dangerous traffic safety problem. A
grass roots approach is suggested for a full understand¡ng of who vandalizss
signs, why they do so, when and where sign vandalism is more pronounced,
and the true consequences of this prankishness. Pos¡tive and problem.specific
countermsasures (physic¡|, legal, judicial and enforcement, and oducåt¡onall
that should bs pursuod at the national, state, and local levels are discussed in
th¡s paper. A systems approach framework for selecting countormeasures for
local and problem.specific sign vandal¡sm was developed and partly tested.
This approach should be fully implemented.

Sign vandalism has become â costly an¿l often deadly
national problem. fn addition to the millions of
dollars taxpayers spend to replace vandalizetl s{gns,
vandalism denles the notorists thê crltlcal informa-
tíon necessary for safe driving andl increases the
potentlal for severe and often tragic traffic acci-
dents. Nationally, the replacernent costs for van-
dalized sign are startllng. According to FHWA estl-
mates, total annual direct costs to the states,
counties, and cities are $50 mitLion (1). Indirect

costs for injurles and tort liability clalms are
estinated to be the sarne. Àccident statistics on
fatalitlesr property damages, and personal injuries
fro¡n vandallzed or missing signs (especlally inter-
sectlon-control signs andl STOP signs in partlcular)
are rather frightening and are Ínillcative of the
nagnitude of the problem.

state and local jurisdictions and the fet¡eral
government have becorne alarmed at the increasing
rate of sign vandalisn and its adverse inpact on
local agency budgets and the safety of hlghway
users. The naturer ¡nagnltuder and criticaLity of
the sign vandalls¡n problern requlres a strong con-
certecl effort at both the national and local levels
to conbat thls costly and dangerous traffic safety
problern.

SCOPE OF SIGN VÀNDÀLISIII PROBLE4

Vandal.is¡n as defined in the websterrs Dictionary
¡neans "willful or ¡nallclous destruction or deface-
ment of publlc or prlvate property." fn the area of
traffic engfneering, vandalism has affected differ-
ent types of traffic control devices. Traffic con-
trol tlevices anil equipment that are routinely van-
dalized include slqnals (especially lenses for
pedestrlan lndications and pedestrlan push buttons),
signs (a11 types of reguLatoryr warning, informa-
tionalr and directional), traffic cones, delinea-
torsr traffic counters, reflectorized pavement mark-
ers an¿l buttons, andl occaslonalLy pavenent markings.

In the past few years sign vandalism has created

I


