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ft has been shown that there are significant rela-
tionships between tire-pavenent friction and tire-
pavenent noise. Near-field noise data obtained by
the procedures developed in this research have spec-
tral characterLstícs relateil to the ski¿l resistance
of PCC pavenents. Over the wider range of asphalt
concrete surfaces included in this study, however,
poor agreement was noted between the spectral char-
acteristics and pavenent frictlon.

Far-fie1d noise data at 64 and 80 k¡n,/h show defi-
nite relationships with skid rêsistance. The nost
sígnificant variable in these relationships is
blank-tire skid resi.stance. Thls finding indicates
the importarit effect of pavernent macrotexture on
far-fleI¿l tlre nolse in that blank-tlre skid resis-
tance is nost strongly affectecl by pave¡nent nacro-
texture (]-I). Increasing skid resistance and in-
creasing nacrotexture are seen to proiluce increased
levels of far-fie1d noise.
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tion.

The repair of deteriorated pavement ealges anil un-
paved shoulders adjacent to pavement edges is a
¡naintenance activity that requires continuous effort
by all state and local highway agencies. Although
it is generally accepted that pavenent edges of ex-
cessive height have an effect on vehicle stability
an¿l thus on facility safety, this effect has never
been conprehenslvely quantif ied.

the research described in this paper--the anaty-
sís of avai-lable Iiterature and the testing pro-
gran--allows a realistic evaluation of the effect of
pavernent eilges on autonotive safety and further de-
fines the effect of certain critical driver and ve-
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hicle factors so thât the urgency of the need for
maintenance can be accurately assessed.

Pavenent edges can represent a significant prob-
le¡¡ in vehicle control. In sorne cases the problem
can be worsened and even made critical by inappro-
priate forms of caution on the part of drivers (see
Figure 1). Vthat may happen in such a critícal sit-
uation can be described as follows:

1. À vehicle is under control in a traffic lâne
adjacent to â paverRent edge where the unpaved
shoulder is lower than the pavement elevatíon.

2. Because of driver inattention or distraction
or for some other reason, the vehicle is allowed to
move or is steered into a position ín which the
right siile wheels are just off the paved surface.
The right side wheels are now to the right of the
pavenênt edge on a surface elevation belord that of
the nain lane.

3. The clriver then carefully tríes to steer
gently back onto the paved surface without reducing
speed significantly.

4. The right front rdheel encounters the pavenent
edge, which prevents it from moving onto the pave-
ment. The driver further increases the steer ãng1e
to make the vehicle regain Èhe pavenent. The vehicle
still does not respond. At this point there is
equilibriurn between the cornering forces to the left
acting on both front tires and the pavernent edge
force to the right acting as shown in Figure 1a.

5. The critíca1 steer angle is added by the
clriver, and the right front r+heel mounts the paveil
surface. Suddenly¡ in less than one wheel revolu-
tion, the edge force has disappeared and the right
front cornering force nay have doubled as a result
of increases in the available friction on the pave-
nent and increases in the right front }rheel 1oad
caused by cornering (Figure lb).

6. The vehicle yaws radically to the left, piv-
oting âbout the right rear tire, until that r+hee1
can be dragged up onto the pâved surface. The ex-
cessive left-turning yaw continues, too rapicl in íts
¿levelopment for the driver to prevent penetrating
the oncoming traffíc lane (Figure lc).

?. A collision ¡{ith onconing vehicles or
spin-out and vehicle ro11 ¡îay then occur.

Although this phenonenon does occur on highway
facilities, ín nany cases the same result, vehicle
loss of control, nây occur without the effect of a
pavement edge. À loose or rnuddy shoulder can have
the same effect if the driver overreacts srhen trying
to regain the pave¿l surface. Freguêntly, a pavê¡nent
edge of nodest heiqht is blaned ¡vhen excessive
steering input ís the cause.

Figure 1. Loss of yeh¡cle control caused by driver's attempt to return to the roadway,

FI lnd Fr .r.
unbaltncad

49

LITERÀTURE SURVEY

The gualítative effect of pavement edges, or
so-called lip drop-off, has been understooal to some
degree for many years. In the Traffic Accident fn-
vestigatorrs l¿lanuäI (!r publistred by Northwestern
University and oríginally cornpiled by Baker, the
foJ.lowing statenent is found: nLip drop-off ís sin-
p1y a 1ow shoulder at the edge of a hard pavenent.
It is irnportant rrhen the shoulder is more than three
inches below the pavenent....' Based on a telephone
conversation with Baker in September 1982, it was
deterrninecl that this conclusion was reached by in-
for¡naI testing at Northwestern University as early
as 1959.

Ivey an¿l Griffin p) clealt with surface discon-
tinuities inclucling pave¡nent edges in a paper pub-
lished in 1975. Based on 15,968 accidents in the
North Carolina accident file, there was an overrep-
resentation of the key words associated with a
shoulder or pavement edge drop--i.e., dropped, soft,
curb. and edge. A Delphi stualy includetl in this re-
port ranked pavenent edge-shoulder drop-off a¡nong
the top accident-related pavement ¿listurbances.

A series of tests reported by Nordlin (3) in the
¡nicl-1970s Íncluded a range of automobile Gizes anct
edge drop conditions frotn I.5 to 4.5 in. Nordlin
concludecl that there was no significant safeÈy haz-
ard for vehicles in mountíng edges up to 4.5 in.
This work diil not include testing of the scrubbing
situation, in which the offsíde tire scuffs along
the pavernent edge before the steering input causes
it to nount the edge. This scrubbing action is the
nost critical situation. In further testing at the
California Department of Transportation (Caltrans),
Stoughton (4) observed the effect of a broken as-
phaltic concrete pavetnent edge and muddy shoulder on
vehicle stability. The tests included sna1l, rnedí-
urtr and large passenger cars an¿l a pickup truck
driven at speeds up to 60 rnph. Agâin, pavement eilge
drops of f.5, 3.5, and 4.5 in. were tested.
Stoughton reacheil the following primary conclusion:
nThe pavenent drop-offs had little effect on vehicle
stability and controllability in all tèsts." Again,
the scrubbing situation wâs not tested.

Klein et al. (5) proiluöed a report in 1976 that
included analyses of accident data, questionnaire
surveys, and a variety of both open-loop and close¿l-
loop tests. In close¿l-Ioop tests, naive drivers
were used. Special efforts were ¡nade to achieve the
edge scrubbing condítion. In tests of edge drops up
to 4 in. highr loss of control was encountered at
the higher speeil levelsr generally more than 30 nph.

Another itnportant discovery nade by K1ein is
shown in Figure 2, which illustrates the steering-
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F¡gure 2. Steering-wheel angle required to climb various edge he¡ghts

from edge scrubb¡ng cond¡t¡on.
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wheel angle required to cli¡nb various edge heights
fro¡n the scrubbing condítion (5). The curve ín Fig-
ure 2 could potentially be use¿l to ilescribe the
safety of the nâneuver in that the initial rela-
tively linear range (in Figure 2' from 0 to 3 in.)
is reasonably safe. As the curve becomes curvilin-
ear, the maneuver becones significantly more diffi-
cult. As the curve starts a precipitous rise, again
approaching a straight line, the difficulty of the
maneuver beco¡nes extrene.

Klein presented the nost analytically appealing
and experimentally conprehensive work done on this
subject. The ¡nain limitation is that he tested only
one, albeit the nost criticalr pavenent edge geo¡net-
ric condition--that of an extreme 90 degree angle
with tittle e¿lge rounding. The Iinitations in scope
of the two princípal studies--the noninclusíon of
the edge scrubbing condition in the study by Nordlin
and the inclusion of only one Pavement edge geonetry
in the study by Klein--¡nade the present stu¿ly nec-
essary. The testing plan r.tas designed to comPlenent
and extend the earlier studies.

TEST PROGRÀT¿I

A co¡nprehensive test Progratn was developedl to evalu-
ate the effects of edge conditíons base¿l on a vari-
ety of drop-off heights, vehicles, tires, drivers,
speeds, and positions. The conditions chosen ilo not
represent every conceivable sítuation involving an
edge conilition. This would produce an extremely
large and unwieldy test ¡natrix. The variables for
the initial fu1l-scale testing prograrn were chosen
as representative of those typically found on the
highways today, which woulcl extend the information
already devetoped by Nordlin Ll) and xlein G).
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Edge HeighÈ and Shape

To obtain a sufficient nu¡nber of data points without
allowing the test matrix to beco¡ne too nassivet
three shouldér-to-pavenent heights were chosen--l.5t
3, and 4.5 in.--along r.tith a construction tolerance
of 10.25 in. neasured at intervals of I0 ft.

To evaluate these heights, a 500-ft test course
was constructed âÈ the Texas Transportation rnsti-
tute (TTI) Proving Grounds adjacent to an existing
concrete runway. To produce a soil shoulder' the
vegetation and topsoll were first removed fron the
runrday eilge over approxirnately a 20-ft width. Nextt
a sandy loam was a¿lde¿lr graileil for drainager antl fi-
nally rolled. vlith the soil at the level of the ex-
isting concrete, a 1.5-in. pad of asphalt, 12 ft
witle and 500 ft 1ong, was appliecl to the concrete.
This produced an asphalt-soil interface with a
1.5-in. height.

The edge Ìras left un¡nodified, as it was in-
stalled, to provide a typicâl edge condition or
shape with approximatêly a 1.5-in. radius. Figure
3a shows the no¡ninal shape of this eclge and the
sliqht variations that occur over the length of the
Èest course,

On completion of the 1.5-in. test runs' the soil
was cut down 1.5 in. and regraded to produce a 3-in.
edge height condition with the sane asphalt shape as
the 1.5-in. condition and a vertical face 1.5 in.
belovr that, as shordn in Figure 3b. The 4.5-in. con-
dition was produced in the sane way by removing 1.5
in. of soil and regradingr as shown in Figure 3c.

To gain sone insight into edge shape, at the
4.5-in. condition the first haÌf of the course was

Figure 3. Edge profiles.
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no¿lified (see Figure 4) to produce a sharper edge
with approximately a 0.75-in. radÍus. By using an
epoxy base paving ¡naterial, with aggregate sinilar
to the asphalt pavenent, the requireil edge was fi-
nally produced by grin¿ling to the desired contour
and texture. The final edge type tested is the 45
degree sLope shown in Figure 5. fnforrnal testíng on
sinilar edges had shown the potential of this georn-
etry to reduce the dísturbance to a traversing vehi-
cle. The urunoclified test course is shown in Figure
6 in the 4.5-in. rounded edge conilition and in the
6-in. 45 degree edge condition.

vehicles

Passenger auto¡nobiles and a pickup truck were
tested. To evaluate the effect of weight, suspension
system, and wheel size, a minicompact, an intermedi-
ate-sized autonobile, and a fult-sized autonobile
r,rere tesÈed along with a standard-slzed pick-up.
The vehicles ranged in weÍght from 1,668 to 4,713 lb
and in \dheel size fron 12 to 15 in. (see Figure 7).
Each vehicle rdas set up to manufacturerrs specifica-
tíons with respect to the suspension and steering
syste¡n before testing änd was perÍodícally inspecteil
during the course of the testing. Each vehicle was
equipped with a rolL bar and racing lap and shoulder
belts to provide an added margin of safety for the
test drivers.

Tires

To deternine the effect of tire construction' the
internediate- and full-sized sedans were tested with
both bias p1y and radíal tires. The other two vehi-
cles were tested with only radial tires. Only
full-tread tires were considered ín this testing be-

Figure 4. Profile of modified 4.5-in. edç.

Figure 5. Profile of modified 45 degree edge.
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cause snooth or danaged tires could be consiilered a
special case for future investigation. fn all cases
the tire inflation was adjusted to reconmende¿l cold
pressures just before testing.

Dr iver s

Closed-loop tests are those in which the ilriver is
free to steer or brake as needed to ¡naintain stabil-
ity. Driver skÍll level is notoriously dífficult to
assess. To evaluate the effect of skill level, four
drivers were chosen:

1. À professional who teaches high-perfornance
driving techniques;

2. À seniprofessional, a technician who occa-
sionally perforns as a test vehicle driver¡

3. A typical nale, a construction supervisor
e¿ith no special drivíng skills; and

4. A tlplcal fenale, a technician with no spec-
ial dríving skills.

Only driver I drove the complete natrix of tests,
because it nas felt tbat professional skílls were
required for any tests involving a potentially haz-
ardous situation. Driver 2 perforneil all tests ex-
cept those for the 4.5-in. drop-off. Drivers 3 and
4 ¡nade a selected number of runs at the 1.5- and
3-in. edge heights.

Test Speeds

To evaluate the effect of vehicle speed, for each
test condition runs were ¡nade at 35, 45, and 55
nph. These values were chosen to cover the spectrum
of speeds that nay be encountered in a typical edge
recovery situâtion.

Figure 6. Unmod¡fied test coune: (top) minicompact cars on 4.5-in. rounded
edge and (bottom) full-s¡zed automobile on 6-in. 45 degree edge.
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Figure 7. Description of vehicles used ¡n study.

(a) Ueigtrt Less Driver and lnstruments

vehicle Positions

Once â vehicle has left the roadvray and has a wheel
or wheels on the shoulder, 6everâ1 rnethods of re-
turning to the roadlway are possible. Three of these
nethods were investigatedl duríng the stualy.

The first is the scrubbing condlition' ín which
the driver allows the vehicle to move laterally to-
nard the roadsay at a very slow rate until a tire
contacts the roadway-shoulder 1ip. At that point
lateral notion stops anal the tire is ln intimate
contact erith the roadnay edge (scrubbing) rphÍle
continuing to travel forrrard. To tîount the edge the
ilriver is reguired Èo input an lncreaslng anount of
steering toward thê roadway.

In the second condition, the right front andl rear
wheels are r{eÌl on the shoulder hthile the other tero
v¡heels are still on the roadway. The driver then
steers to the left at a confortable level to prodluce
a lateral velocity high enough to precludle any con-
tinuous scrubbing conclitíon as the vehicle returns
to the roaalway. In the Èhird condltlon' the vehicle
returns to the roadway as in the second condition
except that all wheels are on the shoulder before
the return naneuver ls lnitiatedl.

Subjectlve Rating Svste¡n

In ad¿lltion to the photographic and electronic data,
a system nas developed to allow the drlver to reftort
the severity of each test run irnmediately after con-
pleting it. This systen consisted of a nu¡nerical
ranking from 1 (no iletectable effect) to 10 (com-
pletê loss of control). The following list' refer-
re¿t to as a severity coder sras prepared to assist
the drivers in assigning a number to their ímpres-
s ions:
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1. Undetectable;
2. very nildt
3. Èrild;
4. Definite jerk;
5. Effort reguireil;
6. Extra effortt
7. Tire slip (slight lateral skidding) ;
8. Crossed centerline and returnedi
9. Crossed centerline, no return; and

10. Loss of control (spin-out).

Even though this systen is subjective and tends
to vary from driver to driver, it proved a gooil in-
dicator when confined to any onê ¿lriverrs reacÈions
Èo the entire ¡¡aÈrix of tests. This rating value
was Later used as the dependent variable in sortíng
by êornputer on various combinations of conditions.

DTSCUSSION OF RESULTS

1o evaluate the effect of the three edge heights on
trdo modes of returning to the roadway (scrubbing and
a snooth return), average severltiês were obtained
by usíng the professional driver. OnIy Èhis driver
was used for these data becausê he conpleted the en-
tire test ¡natrix.

Figure 8 shons the average values for each of the
conditions when the vehicle snoothly returns to lhe
roadway fron a posltion in whlch it is about half on
the earth shoulder and half on the pavenent.
Clearly, there is litt1e difference between either
vehicles or edge heights (3 versus 4.5 in.).

Figure 9 shows the same series of tests for a
different prereturn condition. In this case the
right wheels are in intinate contact with the pave-
ment edge (the scrubbing con¿lition) before the re-
turn to the pavenent is âttenpted. Once again the
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Figure 8. comparison of veh¡cre performance in nonscrubtring condit¡on at 3s,45, and bb mph.
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Figure 9. Comparircn of vehicle performance in scrubbing condit¡on at 35, 45, and 55 mph.
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difference betr¡een the vehicles is quite small. Butthe effect of edge height on the rounded edge ispronounced in the case of the 4.5-in. heíght: liigure9 shows the severity of the return maneuver for allvehicles at this edge height extending ínto the up_per half of the graph--i.e., the critical severiiy
range. There is â narked reduction in severity for
the 4- and 6-in., 45 degree edges co¡npared vrith the
rounded edges.

To deternine the effect of ilriver skill 1evel,
averâge severity levels were obtained from threedrivers (the professional, the semiprofessíonal, andthe untrained male). Data fro¡r all vehicles at eachtest speed for the 3-in. edge height were sumna_rized. The average values for each driver under
each prereturn condition were fundanentâlly equal.

Because both bias and radial tires were tested onthe intermediate- and full-sized vehicles, it waspossible to nake a comparison by usíng the simil-ar
conditions of each test speed, the professional
driver, and the intermêdiate-slzed vehicle at the
various edge heights. Only the scrubbing condition
was considered.in this comparison because it in_volves tire construction ¡nuch more' than the other
two conditions. The rnodifieil 4.5-in. edge (0.75_in.
radius) was also used in this comparison. The bias

ply was found to produce slightly hÍgher severity
levels than thê radial at all edge heights.

Finally, the effect of the speed ât which the ve_hicle returned to the roadway was considered (see
Figure 10). OnIy the runs na¿le by the professional
clriver were evaluated to ¡naximize the scope of theconparison. fn addition, only the scrubbing condi_
tion was considereil because it has been shown to
lead to the nost hazardous conditions.

The test resuLts for all vehicles rrere averaged.
As Figure I0 shows, withÍn each edge-height condi_
tion a nearly linear increase in severity occurs asthe speed increases. As before, the 4.5-ín. edgeheight is a potentially unsafe condition, even atthe 35-mph speed. It shoul¿l also be noted that 45
and 55 mph exceed the critical speeds found by Klein
l9): In the case of a 6-in., 45 degree edge, a con-dition approaching a severity rating value of 5 oc-curs as the vehicle speed approaches 55 rnph.

Steerinq Angle

Steering-$rheel movenents reguired to perform a spe-
cific maneuver is one of the nost graphic ¡neans of
¿leveloping an appreciation of the ¿tifference between
a relatively safe and a potentially hazardous condi-
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tion. The difference between the rnaneuvers for 3-in.
and 4.5-in. edge heights is shown in Figures lI and

]-2. Figure 11 shows the results of a typical run
nade by the professional driver at 55 nph in the in-
ternediate-sized vehicle. In this run. the driver
returns to the pavement over a 3-in. drop height.
Figure 12 shons the results of a run nade under the
same conilitions but at the 4.5-in. edge height. No-
tice the extreme arm novenents of the driver at 4'67
and 5.75 sec in Figure 12.

Figure tO. Averaged test results for all vehides in scrubbing cond¡tion at 35,

45, and 55 mPh.

45 Drgre. Edgc

45 55

VELOCITY (MPH}

Figure 1 1. Steer¡ng"wheel mãneuvers by professional driver in scrubbing

condition: 3-in. edge he¡ght. intermediate'sized vehicle, at 55 mph'
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The anount of lateral acceleration generate¿l af-
ter returning to the roadway to avoi¿l entering the
oncoming lane of traffic has a signíficant effect on
safety. Figure 13 shows the average lateral accel-
eration developed over the three speed ranges by the
four test vehicles at the various eilge heights. The
two conditions of prerecovery position are consid-
ered. Driver opinion levels obtained from Kumrner

and Meyer (!) are indicated on the chart. À level
of lateral acceleration greater than 0.3 g is con-
sidered excessive. This would be a potential limi-
taÈíon irnposed on themselves by nost drivers, who
may not attenpt co ilevelop all of the available
friction to renain Ín their lane of traffic. The
scrubbing condítlon produced guíte high values--0.7
to 0.8 f-for the 4.5-in. e¿lge, which provecl to be
near the naxinum available frietion levels because
lane violations and s1Ípouts dicl occur.

The results of the non-scrubbing-condition test
runs conpare favorably with the edge mounting work
done by Noritlin (J). No loss of control of the test
vehicle and no Lane encroachment up to and including
the 4.5-in. edge height occurred in Nor¿llinrs study
or in the research rePorted here.

The influence of the edge shaPe is brought out by
conparing the results of this study with the results
of a study by Klein Q) r who used a smooth' near
vertical concrete surface for an edge with a 0.5-in.
radius at the top. This edgê produced similar
steering angles for the return maneuver fro¡n a
scrubbing conclition at the 4.5-in. height. KIein
reported a steering angle of 9 degrees compared with
the 7 degrees observe¿l in this study. The large
difference shows up at the tower heights, where 2.5
and 5 degrees vtere required on the sharp edge at the
1.5- and 3-in. heights cornpared wlth the 1.5 degrees
neetled on the ¡nore rounded asphalt edge used in this
proj ect.

LIMITATIONS OF THE TEST PROGRAM

Although the choice of vehicles would seen to be
adequate to define a fairty wide spectru¡n of vehi-
cle-hanclling characteristicsr this has not been ex-
perimentally verified. To evaluate objectively the
spectrum of vehicles covered, paraneters such as in-
ertial properties, spring stiffness, ånd tire corner-
ing stiffness should be defined. Other factors, such
as vehicle loading and the effect on vehicles other
than four-nheeled autonoblles, were not considered.
The effect of differential tire pressuresr espe-
cially low pressures on one or nore rear tires, was
not specifically investigated, aLthough lt is antic-
ípated that ânything that enhances oversteerlng
would be more crltical in a scrubbing edge naneu-
ver. It should also be noÈed that the subjective
ratíng technique was attenpted with only four sub-
jects. this is a limitation' although it was sur-
prising how consistent the ratinga were within that
group. Although it has not been possible to Prove'
by using vehícle accident statistics, r¡hether the
scrubbing situation is in fact å contributor to a
significant nu¡ìber of accidentsr in an effort to be
conservative that test condition ís thought to be a
reasonable indicator for use in the develoPrnent of
maintenance guíde1ines.

SUMMARY AND CONCLUSIONS

The results of the study are sunmarized in Figurê
14, where relative degree of safety, in terms of the
subjective severity levels defined previously, is
plotted versus change in longitudinal edge eleva-
tion. Three curves are shownr one for each Pavement
edge profile shape: ShaPe À is the sharp edge tested
by Klein' shape B is the rounded edge shown in Fíg-
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Figure12. Steer¡ng-wheel maneuversbyprofessional driverinscrubbingcondition:4.5-in.edçhe¡ght,¡ntermediate-sizedvehicle,atSSmph.
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ure 3, and shape C is the 45 ¿legree edge shonn in
Figure 4b.

The terms used to describe relative degrees of
safety can be defined as follows!

1. Safe indicates that, no rnatter how irnpaired
the driver or how defective the vehicle, the pave-
ment edge will have nothing to ilo h'ith a loss of
control. (This incLucles the infLuence of alcohol
and other drugs and any other infirrnity or lack of
physical capability.) The term includes the subjec-
tive severity levels I through 3.

2. Reasonably safe indicates that a pruilent
driver of a reasonably maintained vehicle would ex-
perience no significant problem in traversing the
pâvement edge. the tern incl-udes subjective sever-
ity levels 3 through 5.

3. Marginally safe indicates that a high per-
centâge of drivers could traverse the pavetnent edge
without significant difficulty. A s¡oall group of
ilrlvers might experience sone dlifficulty in perforn-
ing the scrubbing tnaneuver and rernaining within the
acljacent traffic lâne. The term inclucles subjective
severity levels 5 through 7.

4.ouestionable sâfety inilicates that a high
percentage of drivers would experience significant
difficulty in perforning the scrubbing naneuver and
remaining within the adjacent trafflc lane ancl full
Ios6 of control could occur under sorne circun-
stances. The term includes subjective severity
levels 7 through 9.

5. Unsafe lndicates that alnost all drivers
would experience great difficulty in returning frorn
the pavement edlge scrubbing conilitíon and loss of
control would be I1kely. thê term includes subjec-
tive severity levels 9 through 10.

FÍgure 14 represents an effort to sumnarize alL
research and testing results available for interpre-
tation' including the testing by Caltrans, Systens
TechnoJ-ogy¡ Inc., and TTI. It eras necessary to use
subjective judgnent in constructing this figure,
based on the preceding definitions of safêty. The
figure is subject to the Iinitations previously
stated an¿l represents average vehicle and speed con-
ditions. Atlæical vehicles, vehicle loadings, tire
conditions, and speeds could result in significant
shifts in the positions of tbe curves.

Figure 14 could have direct application to main-
tenance reco¡nmendations. For exarnplê, conslder the
point on the shape B curvê r.vhere the curve crosses
line l--i.e., at the 2.5-in. eLevation change. This
height night indicate a need to prepare for nalnte-
nance before the edge leve1 increases to the point
where the curve crosses line 2--at 3.5 in. For
shape A edges, ¡naintenance would be sonewhat nore
critical: maintenance activities are indicated at a
height beteeen 2.0 and 3.0 in., roughty correspond-
ing to the crossing of lines 1 and 2.

The advantage of avoiding shape A is also appar-
ent Ln Figure 14. ff shape C can be constructed,
either during the original construction or as a
maintenance activity, the need for edge naintenance
coul.d be significantly reduced. It is thought that
these curves can be used as a guidle for the malnte-
nance of pavenent edges and that they lndicate the
desirability (base¿l on determinations of cost-effec-
tiveness) of gradually moving tonard edge shape C.
Shape C ¡nay also result ln significant gains in the
reduction of edge deterioration.

Using data frotn Michiganrs Highvray Safety Rê-
search fnetitute, Indlana alata, and his. own survey
guestíonnalre, Klein (5) has shown pavement edges to
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Figure 13. Maximum lateral accelerat¡on and edç height.
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be the most signifÍcant safety-related roadway dis-
turbance. Klein's research was the nost significant
after the California data and eras among the top twô
ín inportance in earller studies by T1I. Appropri-
ate use by highway engineers of the inforrnation con-
Èained in these studies can, in time, have a major
inpact on reducing accidents affected by pavenent
edges. By establishing maintenance guiclelines baseil
on the findings shown in Figure J-4, unnecessary
rnaintenance of shoulders can be reduceal and avail-
able rnaintenance funds can be concentrated ín areas
that have real safety significance.
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Figure 13. Maximum lateral accelerat¡on and edç height.
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