SMOOTH MOVING - it's a neasure of quality

(1st of 3 articles)

HVA = Snpot hness

The traveling public cares about snmooth roads.

That was true in the early sixties, during the AASHO Road Tests, when
drivers gave the highest approval ratings to roads that were the
snoothest. And it was true again two years ago, during the Nationa
H ghway Users Survey, when travel ers ranked snpot hness as the nost

i nportant feature of the national highway system

That's why the Pavenent Serviceability Index (PSI) that cane out of the
AASHO tests was prinmarily pegged to snoothness, along wth cracking,
rutting, patching and pot holes. (See "Snpothness and PSI" article.)

Snmoot hness Saves Vehicle Operating Costs. The traveling public may be
| ess aware, however, that snooth roads al so save them nobney. Roughness
has an adverse effect on vehicle operating costs such as fuel and oi
consunption, tire wear, nmmintenance, and depreciation

For exanple, fuel consunption will increase about 10 percent for cars
and 15 percent for buses if the PSI drops from4.5 to 2.5. Mintenance
and tire costs can triple, and oil consunption will nearly double.

Taken all together, the total econonic effect on vehicle operating costs
is substantial adding 2.5-3 cents per mle or $250-300 per 10,000 niles
of driving. (See "Pavenent Snoothness," M chael S. Janoff, NAPA
publication IS 111, April 1991.)

Snoot hness Saves Pavenent Mai nt enance Costs. But how does snpot hness
rel ate to pavenent performance and pavenent |ife?

In his 1991 study, M chael Janoff shows a positive correlation between
snoot hness and | ong-term pavenent performance. After collecting ten
years' worth of data on 400 different sections of roadway, he concl udes
that "initial snoothness is related to both |ong-termroughness and

| ong-termcracking; as initial pavement snpot hness decreases (i.e.
initial roughness increases), the roughness after 10 years increases and
t he percentage of cracking after 10 years simlarly increases."

The reason for this is intriguing. |It's obvious that rough roads jolt
vehicles and their passengers. But those jolts, stresses, and strains
transfer back to the vehicle's tires, which, in turn, distress the
paverment. It's a circular dynanic, Janoff explains, not a one-way
dynani c.

When Janoff next conpared initial snoothness to annual nai ntenance
costs, he found that, as expected, "Pavenents that have higher '"initial
snoot hness al so have | ower average annual nmi ntenance costs." Says
Janoff, those savings in maintenance costs can total as nuch as $1, 200
per mile when initial PSI is increased from4.0 to 4.5.



( see graph: Initial Pavenent Snoothness vs. Average Annua
Mai nt enance Costs" foll ow ng)

Managi ng Snmoot hness. Because they recognize the val ue of snoothness,
nost - if not all - contracting agencies include snpothness
specifications in their contracts. And many include bonuses and

i ncentives for better work. Even so "People don't nmanage pavemnent
snoot hness very well," says Larry Scofield, manager of transportation
research for the Arizona Departnent of Transportation. "To nake a
snoot her pavenent, you have to increase the quality of the entire
product.” Quality product starts with proper design and specification
then requires the right equi pnent and construction techni ques.

SMOOTHNESS AND PSI

The 1962 AASHO Road Tests lead to creation of a "Pavenent Serviceability
I ndex" (PSI), which is a function of the driveability" of a pavenent.
"Driveability" in turn, is a function of driver-perceived confort.

This PSI is obtained from measurenment of roughness and distress (e.g.
cracki ng, patching, and rut depth). Roughness - the absence of
snoot hness is the domi nant factor in estimating the PSI of a pavenent.

The PSI scale ranges fromO through 5, with 5 representing the highest

| evel of serviceability. New pavenents typically have PSI val ues
between 4.0 and 4.5. Pavenents typically need resurfaci ng when the PSI
val ue drops to 2.0 - 2.5. At this level, there is a huge increase in the
nunber of drivers/passengers who rate a road as "unacceptable,” as shown
by the follow ng table:

PSI % Rati ng Road as "Unaccept abl e" *
3.0 12%
2.5 55%
2.0 85%

* Source: AASHTO Paverent Design
Gui de, 1991
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MAKI NG SMOOTH PAVEMENTS

(2™ of three articles)

Everyone who drives or rides in a vehicle over the surface of a
hi ghway pavenent can subjectively judge the snoothness of the ride. In
many states, however, the ride is al so being judged objectively by new
specifications which require the paving contractor to obtain a




predeterm ned | evel of snpothness when a pavenent is constructed or
resurfaced.

According to consulting engineer, Jim Scherocnan, the process of
achi evi ng smoot hness is the sane whether Hot M x Asphalt (HVA) is being
delivered directly fromthe haul truck, froma windrowin front of the
paver, or froma material transfer device into the paver hopper

Achi evenent of snpothness requires a return to the basics in the
operation of the paving nachine.

Forces on the Paver Screed (see diagramfollow ng)
Four primary forces act on the paver screed and affect snpothness.

El evati on of the tow point on the paver where the screed is attached -
The change in the elevation of the tow point is transferred back to the
screed through the tow arnms on each side of the paver, causing the angle
of attack of the paver screed to change. As the angle of attack
changes, nore or less mx is passed under the screed. This process is
known as the "free floating screed" principle. |In order for the paver
to produce a snoboth pavenent layer, it is necessary for the tow point to
nmove with the paver tractor unit. Wen the tow point noves in this way,
the screed places nore mx in the |low spots in the underlying pavenent
surfaces and |l ess mix over the high points in that surface.

Forward speed of the paver - \Wen the paver increases speed, the angle
of attack of the screed decreases, thus reducing the thickness of the
| ayer being placed. Wen the speed of the paver decreases, the angle of
attack increases and a thick pavenent layer is constructed. |In order to
build a smooth pavenent, therefore, it is necessary for the paver
operator to maintain a constant paving speed.

Head of material -- Wien the amount of mix being carried in front of
the screed - the head of material - changes, the angle of attack of the
screed al so changes. An increase in the amunt of HVA in the auger
chamber in front of the screed causes the angle of attack to increase
and a thicker mat to be placed. If the head of material in front of the
screed decreases, the angle of attack of the screed decreases, and a
thinner mat is con-structed. For a snooth mat, it is critical for the
paver operator to maintain a constant head of material in front of the
screed at all tinmes.

Thi ckness Control Screw - When the paver screed operator manually
changes the setting of the thickness control screws, up or down, the
angl e of attack of the screed, and thus the thickness of the HVA mat,
al so changes. For mainline paving work, on a state highway, county road
or city street, the snoothest nmat will be constructed when the screed
operator does not attenpt to "hel p" the paver and lets the free-floating
screed principle provide the necessary |eveling action.

If the paver operator can maintain a constant paver speed, can
mai ntain a constant head of material in front of the screed, and the
screed operator can resist from maki ng manual changes in the setting of



the thickness control screws, the angle of attack of the paver screed
will be controlled by changes in the elevation of the tow point. Thus,
the paver will place a snooth nat.

Tradi ng Haul Trucks

It is conmon practice for paver operators to attenpt to keep the
paver noving at all times. Wen the haul truck delivering HVA into
t he paver hopper is enpty or when the end of a windrow is reached,
the operator slows the paver down gradually to avoid stopping. At
the sane tine, the operator may run the paver hopper enpty, hoping
the next truck will arrive and place mx either directly into the
paver hopper or into the wi ndrow before he has to stop the | aydown
machi ne. Oten the paving operation stops anyway, with the paver
hopper enpty, waiting for the next truck to arrive.

When the paver is slowed down gradually during this process and the
amount of mix in front of the screed is reduced, the conbined result
of these two forces acting on the free floating screed is a decrease
in the thickness of the HVA mat being placed - a dip in the pavenent
surface. Wen the next truck delivers mx into the paver hopper or
into the windrow, the paver operator nmay overfill the auger chanber
with mx in front of the screed and go back to nornal paving speed
qui ckly. The net effect of these two actions is a significant
increase in the angle of attack of the screed when the paver starts
noving again - a bunp is built into the pavenent surface.

Thus, every tine the paver slows down gradually or stops because the
hopper is enpty, a dip and a bunp are constructed in the surface of
t he new mat.

To build a snmooth pavenent, it is much better to operate the paver
on a "rapid stop, rapid start" basis. |If the truck delivering mx
into the paver hopper is enpty or if the paver reaches the end of the
wi ndrow, the paver operator should shut the paver down quickly - from
pavi ng speed to dead stop. This will reduce the effect of the change
in speed on the angle of attack of the screed. The operator should
al so stop the paver with the hopper about half-full of mix in order
to keep the head of material in front of the screed constant. These
two steps will prevent a dip frombeing constructed in the pavenent
surface at the paver stopping point.

When the paver hopper is refilled with HVA, either directly fromthe
next haul truck or fromthe newy placed mx in the w ndrow, the
operator should go back to paving speed quickly, nminimzing the effect
of the change in speed on the angle of attack of the screed. Since
t he paver hopper is kept half-full between truckl oads, the anount of
m x in the auger chanber and the head of naterial do not change. So
the thickness of the mat being placed stays constant - and snoot h.

The "rapid stop, rapid start" process greatly inproves the snmoot hness
of the pavenment bei ng constructed.

Mat eri al Transfer Devices



A nunber of different equi pnent nanufacturers currently supply

mat eri al transfer devices which are used as a "go between" for
delivering HVA fromthe haul truck to the paver hopper. One purpose
of these units is to keep the paver noving at a constant speed, with
the transfer unit acting |like a nobile surge bin. Depending on the
capacity of the transfer unit (how many tons of HVA can tenporarily be
hel d), however, it is often still necessary to stop the paver if the
next haul truck does not arrive at the paving site in a tinmely manner.

When mix is not available in the transfer device, the paver operator
shoul d again practice the "rapid stop, rapid start" paving procedure.
The paver should be shut down quickly and with the paver hopper half-
full of mx. Wen nx is once again delivered fromthe transfer
device to the paver hopper, the paver operator should return to paving
speed quickly. This process will result in the construction of a
snoot h nat behi nd the pavi ng nachi ne.

Keep It Sinple

Pavi ng contractors | ooking to build snoother pavenents need to keep
it sinple, according to Scherocnan. "At first, the procedure of rapid
stop, rapid start seens too sinple to be a solution to the probl em of
constructing a snoot her HVA pavenent," he says. "But it really is
just that sinple. And the benefits are significant."
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HOW SMOOTH | S SMOOT H?

(3 of 3 articles)

As we've noted in the first two parts of our series on snpothness,
drivers want snooth roads. Yet it hasn't always been easy to neasure
snoot hness obj ectively, especially in the early years with [imted tools
and knowl edge. But over the |ast few decades nechani zati on and
technol ogy have provided increasingly precise tools. That's inportant
for a nunmber of reasons. Wth the new incentive/disincentive
specifications, the contractor's terns of paynment are based on the
nmeasur ed snoot hness test results. The owner nmay pay a bonus for a
paverment that's smoother than required, or inpose a penalty for a ride
that doesn't nmeet the specification. Cearly nmeasurenents nmust be
accurate, repeatable, and hopefully related to what we feel when we
drive the road.

Hi storically Speaking. Road snoothness neasuring tools and

nmeasur enent indi ces have been around since the turn of the century. One
of the earliest methods, deviations on a straight edge, consisted of

| ayi ng a straight edge on the pavenent and measuring the gaps.
Specifications called for a nmaxi mum al |l owabl e devi ati on froma straight
line, typically 0.02 feet in the 12 foot straight edge. Even though



this procedure is a reasonabl e neasure of paving quality, it is possible
to neet the specification with a road that "feels" rough when driven

Progress to Profil ographs. Deviations on a straight edge gave way to
a rolling straight edge design, fromwhich nodern profil ographs were
devel oped. These devi ces have wheel s at both ends, supporting a frane
that acts as a straight edge. A nmeasuring wheel is nmounted on the
frame. The wheel neasures the road' s longitudinal profile -- the bunps
and dips in the pavenent surface. The accunulated total of the neasured
deviations is expressed in an inches-per-nile rating. Arating of 5 to
7 inches per nmile generally neans a snooth riding pavenent.

The profil ograph has been used successfully for nmany years, however it
is labor intensive, and neasures at wal ki ng speeds.

Hunmi ng Bui cks, the Mdther of Invention. |In the |ate 1950s, after
di scovering a problemw th harnonic vibration in sone nodels of Buicks,
GM began to investigate the neasurenent of road roughness. Inertial

profilonetery was born. By using acceleroneters to conpensate for the
noti on of the vehicle body, these instrunents directly neasure road
surface profile.

The Benefits of Inertial Profilonmeters. One of the npst accurate
and efficient tools available for measuring snmoot hness, profiloneters
can accurately obtain continuous neasurenments of the road profile at

hi ghway speeds. The first generation of profilonmeters was devel oped for
network | evel, pavenment managerment work. However, new | ow speed/li ght-
wei ght versi ons have been devel oped to support the grow ng snoot hness
speci fication demand. The | ow speed version can travel approximtely 10
to 24 nph with highly repeat-able neasurenment results. Another

advant age of profiloneters is that the data can be used to conpute nany
different indices, including the PSI (Present Serviceability Index), the
IRl (International Ride Index), and the profilographs inches per mle
profile. This allows an easy transition from profil ograph
specifications to profil oneters.

The profiloneter is rapidly gaining respect as a cost-effective,
accurate device. Recently the Federal H ghway Adninistration has nmoved
to recommend a change to profiloneters to neasure pavenent snoot hness.

| mproving on Specifications. Wile neasuring tools and indices have
become nore sophisticated, there is still nmuch to know and | earn about
setting road snoot hness specifications.

The current specifications were devel oped for high speed hi ghway
applications with "multiple opportunities"” for the contractor to inprove
an exi sting rough ride.

Before we are able to apply these types of specifications nore broadly,
we need to understand the relationship between initial road roughness,
"nunmber of opportunities," and expected final snoothness. Sonme states
have al ready begun to devel op these data (see sidebar; "specifications



becom ng science", following) and to reap the benefits of inproved
snoot hness on a wi de range of roadways.

Snmoot h Movi ng Forward. The next decades should bring us further in
our quest to create snooth roads. Technical innovations, process

i mprovenents, conpilations of historical data, human ingenuity - al
will bring us closer to the ultimate in snmooth roads.

SPECI FI CATI ONS BECOM NG SCI ENCE

In an ideal world we would like to be able to relate the effect of each

construction activity (i.e. mll & fill, overlay, wearing course, etc.)
to the final ride quality. If this were possible we could perform a
"roughness design" in addition to the structural design that is
currently the standard in reconstruction projects. Roughness desi gns

are not yet in practice, but the Arizona Departnment of Transportation
(ADQT), is bringing us closer

ADOT believes in incorporating historical and current road snoothness

data into specifications for reconstruction projects. "You need to know
how nmuch you can realistically inprove the snpothness of a road before
you set your specifications,": says Larry Scofield, Research Engi neer
for ADOT.

ADOT consi ders the nunber of opportunities the contractor has to inprove
snoot hness (i.e. one lift of overlay, two lifts of overlay, etc.) in the
specification limts. This provides an equitable nmeans of establishing
snoot hness specifications that consider both the existing condition of
the road and the specific design
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Initial Pavement Smoothness vs. Average Annual Maintenance Costs*
Average Annuat Maintenance Costs (3 /lane mile)
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This chart shows that, as initial pavement roughness increases, so does the average
annual maintenance cost.

* Bource: Janoff 1981, in NCHRP 1-31, March 1997, page 42. Available for review at
http:/www.nap.edwreadingroom/reader.cgi?auth=free&label+ulbook, NI7001.




