bridge rideability
Bridge Smoothness Growing Trend

Say Goodbye to
the Bump at the End
of the Bridge
In a typical bridge construction project, the designers do their part, engineers do their part and pavement and bridge contractors do their
part …. but too often the zone between the bridge and the road is left with a figurative, and sometimes literal, gap. This small, neglected
region becomes a no-man’s-land that is then prone to several disruptive physical conditions, which are usually perceived by drivers as “the
bump at the end of the bridge.” The precise reasons for bridge roughness vary, but often roughness is due to one of the following situations:
the bridge deck is higher or lower than surrounding pavement; settlement has occurred; there is residual camber in the surface over spans;
there is deck roughness at construction joints and closure pours; or there is girder or beam deformation.
Some of the primary difficulties in designing and maintaining a bridge/road interface are intrinsic and stem from the varying support
conditions at and around bridges. That is, roads leading up to bridges are usually supported on natural, and only slightly modified, soils;
approach slabs in close proximity to the bridge are supported on backfill; immediately past the approach ramp, deep foundations support
the bridge itself; and finally, as the bridge approaches its midpoint, the stiffness of support diminishes. Since uniform support conditions are
key to the integrity of pavements, this is indeed a significant challenge.
Other causal factors for approach pavement roughness can be attributed to design and construction details and specs. “There have really
been two major issues at hand,” said Brian Schleppi, manager, Infrastructure Management Section, Office of Technical Services for the Ohio
Department of Transportation (ODOT). “First, can we build a smooth riding bridge encounter in the first place? We found that our existing
straightedge and profilograph specifications did little to ensure
good rideability so we focused on creating a spec that would be
based on rideability (IRI). Second, what good is it if we build it
smooth initially and it doesn’t last due to differential settlement
issues or erosion problems? The latter we’ve tried to address by
looking at the problem from the design, material, geotechnical
and construction perspectives.”
This problem came under scrutiny in the early 2000s and Ohio’s
DOT has led the way in identifying a solution. Historically, and
not surprisingly, the focus of bridge construction has been on
structural load capacity. But rideability and structural integrity
are not mutually exclusive; both issues can – and should – be
addressed. The public may have come to expect rough rides on
bridges, but this situation has had an overall negative impact on
their impression of the highway system. Furthermore, roughness
leads to increased vehicle wear and damage, increased cargo
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damage and increased freight costs. Rough conditions can even
adversely affect safety, because they interfere with vehicle handling
and grip. The owner bears costs as well. Pavement and bridge life
are reduced; maintenance costs are increased; there is added risk
to maintenance workers; and snow and ice removal is made more
difficult.
In the summer of 2007, ODOT passed a tipping point. There was a
built history of numerous poor riding bridges and a few particularly
bad experiences with new alignments. A comprehensive Research
Problem Statement was submitted and Iowa State University was
enlisted to do in-depth research, which it was hoped would result
in the “development of pre-construction, construction and postconstruction strategies… [to] help eliminate or minimize the ‘bump
at the end of the bridge.’ ” ISU ultimately generated a report titled,
“Identification and Evaluation of Pavement-Bridge Interface Ride
Quality Improvement and Corrective Strategies.” The research team
proposed a solution in which a multi-disciplined approach would
be taken. Experts from the design, construction, maintenance,
materials, geotechnical and other teams are now being invited to
weigh in to improve the longevity and rideability of our roadways.

» QUANTIFYING THE PROBLEM
Rideability can be defined as seeing the surface of a highway the
way motor vehicles do – specifically, the way a vehicle’s suspension
system does. This is not a subjective measurement (though nothing
speaks more clearly to the problem than the dramatic, headcracking jolts that drivers experience as their vehicles rumble over a
particularly nasty bump). There are ways to collect sets of detailed,
objective information on pavement surfaces, known as road profiles.
Rod & Level Profiling establishes a general profile and is conducted
by setting up a tripod to establish a reference plane. The rod is used
to take vertical height readings over various points of longitudinal
distance (which are measured by a tape measure or laser).
Inertial Profiling is a similar process, but data is collected rapidly
and often over larger distances. In this method, an accelerometer
and a laser height sensor are mounted on a moving vehicle, with
the accelerometer establishing an inertial reference plane (much
like the tripod in rod and level survey). When the vehicle is driven
across the pavement, the accelerometer accounts for vertical
suspension movement of the vehicle while the laser sensors take
vertical height readings (much like the rod in rod and level survey).
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The measurements are accurate to the sub-millimeter. A precision
Distance Measuring Instrument gives longitudinal readings. Inertial
profiling is different than rod and level profiling – it does not result in
the same absolute profile, but gives a series of discrete readings and
‘sees’ roughness events that occur within a general profile.
This raw data is interpreted according to the International Roughness
Index (IRI). The series of data points (the discrete elevations for each
wheel track, as measured by the inertial profiler) are processed by
a computer algorithm which simulates a suspension model being
“passed over” the road profile at a simulated travel speed of 50
mph. The suspension model can be thought of as a composite which
represents the suspensions of the entire vehicle fleet. The output
number from this process is the IRI. A bigger number corresponds to
a rougher pavement (because the simulated suspension is moving up
and down more over the road profile); a smaller number corresponds
to a smoother one.
IRI data is a hybrid between point data and length data. If summarizing
over too long of a distance, rough areas can go unnoticed by being
averaged out by other smoother areas. By the same token, one
needs to summarize over a long enough travel distance for the
data to make sense. The shorter the summary distance, the more
each individual roughness feature gets multiplied to get back to
vertical roughness per longitudinal mile of travel. For these reasons,
agencies have both lot and localized roughness requirements. Lots
on pavements are usually 0.10 mile in length, with readings of 60
inches-per-mile or less considered to be ‘good’ to ‘very good.’ Most
agencies have adopted localized roughness criteria on a sliding 25
foot base length. Localized IRI readings can be as low as 100 or as
high as 1,000 inches-per-mile, particularly at bridges.
Certain distances of roughness events are associated with a more
dramatic driver experience. Shorter or choppier events along a
roadway result in wheel hop, while longer events can cause the whole
vehicle to bounce. Inertial profilers capture these significant lengths
better than other methods, making IRI numbers very accurate in
capturing the kind of roughness that takes a toll on vehicle suspension
systems in the real world – roughness that is seen particularly often
around bridges. In fact, Ohio found that bridges increase system
IRI by 7.5%, even though they account for less than 4% of system
length.
The IRI number has become an important measure of highway
rideability. ODOT has been collecting and reporting Network
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Roughness/IRI data to the Federal Highway Administration
(FHWA) since the 1980s. During that time, the IRI was increasingly
incorporated into highway construction work. By 2009 it was being
used as a tool to find and correct localized roughness on pavements.
Now it is being employed to address the area of intersection between
a bridge approach and the bridge itself.
Smoothness specs have long existed for pavement and also for
bridge decks and approach slabs – but no specs existed for the
transitions between these areas, explains Schleppi. In fact, it has
been common for contractors, when measuring smoothness on the
approach slab, to measure from end-to-end on the slab without
taking into account the transition point onto the deck. Schleppi
points out that if we begin to calculate the IRI over the transition
points from road to approach to bridge, we should be able to catch
and correct more of our current trouble spots. “Our solution is to
look at things a little more holistically. Let’s look at a little bit of
pavement on each side of the bridge and everything in between
when we calculate the IRI.”
As a result of ODOT’s holistic approach, Ohio is the first state to
implement IRI-based smoothness specifications for bridges in a
comprehensive manner. And the specifications pioneered by ODOT
have also been explored by other states.

» THE RESEARCH PROCESS
Initially the ISU study was intended to “develop recommendations
and propose specification changes for the design and construction
of future bridges and develop recommendations for corrective
measures for existing bridges,” according to the final report. As the
study progressed, the corrective measures commonly taken in Ohio
were found to be on track according to current practice, so another
objective was incorporated into the study: determining a process for
tracking deterioration and determining just when corrective actions
are needed. Pursuant to these goals, a thorough understanding of
existing pavement conditions and failures was developed.
As part of their initial efforts, ISU researchers conducted site visits
across the U.S. and studied the work of many state DOTs. They
identified several factors that were affecting real-world bridge
performance. Schleppi cites one important example: it was found
that on Iowa bridges, temperature swings were greater than what
had been expected or designed for. Also, some concrete in service
had higher coefficients of expansion than were traditionally designed
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for. These two facts meant that higher forces than expected were
being experienced in the field, contributing to increased roughness.
ISU went on to physically test Ohio’s bridges and conduct laboratory
tests. Eventually they identified support soil conditions to be a
particular area for improvement.
It is common for earth movement under approach slabs to cause
structural problems in various bridge and decking components,
ranging from fault lines in the surface pavement to separation
between the abutment and its underlying support slope. Sometimes
this even results in the exposure of support piles and their subsequent
deterioration. Furthermore, voids underneath approach slabs occur
more often than not and these voids have been found to appear very
soon after construction is completed. When surface water seeps into
such openings, erosion occurs.
“One of the things we found,” said Schleppi, “is that by using
standard approach slab lengths – typically 15-25 feet – we often end
up with slabs that don’t span the distance between the undisturbed
constructed embankment and the back wall. This translates into
a major problem over the long term: differential settlement and
sometimes erosion that allows the approach slab sink on the
pavement side. The challenge is to find a means of preventing this.”
A key finding that came out of the ISU study was that there are
significant issues pertaining to moisture content in granular materials
and these issues affect the ability to achieve proper compaction
under an approach slab. Within a certain range of moisture levels,
a film of water will develop between soil particles, creating surface
tension. The tension acts to hold soil particles together, inhibiting
their ability to realign and compact. This is known as the ‘bulking
moisture content.’ It takes a great deal of force to compact soils that
are in the bulking moisture content range, so backfill underneath
slabs is often left imperfectly compacted – and since granular
materials naturally exist at their bulking moisture content, it is a
given that they will present this set of conditions on the jobsite.
Granular soils are prone to settlement once they are saturated, so
certain popular fill materials, such as sand, are in fact extremely
prone to settlement. One proposed solution from ISU was to wet, or
pre-flood, the fill soil by simply hosing it down in the field. However,
even with this effort at settlement mitigation, tests demonstrated
that it was still common for surface water to eventually be forced into
undesirable escape pathways. Some alternate materials, such as
pea gravel or limestone, consolidate more readily, so by using those
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materials, voids and settlement may be reduced and water may be
more effectively routed out of the system. Overall recommendations
from ISU included developing a lab test protocol to determine the
bulking moisture content for granular backfill materials and improving
compaction efforts on site by using vibratory compactors.
Another recommendation made by ISU geotechnical engineers was
to use more active drainage systems, such as conduits installed near
the surface of the abutment system, to provide an easier pathway
for water to escape. Many of the drainage systems currently in place
can be classified as passive systems. In these systems, piping
is installed underneath fill and it is assumed that water will pass
through the soil and find its way to the drainpipe. However, in practice
it is more common for water to find other pathways out, leading to
erosion. Creating zones of geocomposite drainage materials within
the backfill can assist in preventing erosion, as can incorporating
geosynthetic materials into the embankment for reinforcement.

» DESIGN, CONSTRUCTION AND BEYOND
A recurring theme in the research is that quite often, design theory is
not borne out in practice. Recommendations from the ISU researchers
included several potential alterations in the design phase. In general,
expansion joints can be designed to better accommodate the actual
expansion and contraction a site will experience; approach slabs can
be designed with sufficient strength and stiffness to prevent their
deflection in the event of soil settlement; and frictional resistance
between the approach slab and supporting materials can be minimized
by casting the slab on a low-friction material, thereby reducing the
forces on the bridge superstructure and slab-to-bridge connection.
ISU also advises that special consideration be given to the
thickness of concrete cover on structures where unusual or
unproven construction practices are being used to accommodate
the possibility of corrective grinding. “There is a sweet spot in how
much concrete you need over your reinforcing steel,” said Schleppi.
“Too much or too little cover will cause excessive cracking. There is a
‘magic’ cover thickness that reduces cracking. In Ohio, we design for
1.5 inch cover, with an additional 1.0 inch for deck wear. Since
we don’t really see any significant wear we feel we already have an
extra inch over our comfortable thickness, so grinding is not an
issue as long as they don’t go below the 1.5 inches.”

pavement’s ultimate durability. Careful quality control measures
should be implemented particularly during the construction of bridge
abutments, pavement notches and approach slabs.

» GRINDING AS A SOLUTION
Diamond grinding is a tried-and-true technique for improving
smoothness and because of the type of roughness features that are
typically present on bridges, “grinding can improve smoothness
problems on a bridge to an even greater extent than it can on
pavement,” said Schleppi. For example, on one bridge project in
Ohio, grinding reduced the IRI from 133 inches-per-mile to 55
inches-per-mile. ODOT's 2021 specification bases correction
requirements for new pavements on localized roughness criteria.
Grinding works by removing a thin layer of portland cement concrete
and leaving behind a more level surface. One point of debate within
the industry has been whether grinding might increase microfracture in the deck, creating surface cracks for salt and water
to penetrate. Because it is an abrasive rather than impacting
action, this is not the case. However, milling, which is sometimes
considered an alternative to grinding, has far more negative impact
upon a concrete surface because the carbide teeth of a milling
head cause random chipping of the pavement surface. “I am of
the mind that grinding is beneficial overall and even improves the
finish, because there will inevitably be shrinkage cracks at the
top of the surface and we are probably taking out some of those
shrinkage cracks by grinding,” said Schleppi.
Extending grinding beyond the bridge deck offers a solution to
smoothness issues at the point of bridge/road interface. “If you are
going to grind the bridge deck, you should also consider
longitudinally diamond grooving every deck, as both will reduce
noise, improve the ride and ensure superior friction characteristics
for the life of the deck,” said Schleppi.
John Roberts, executive director of the International Grooving &
Grinding Association, confirms the benefits of the grinding process
in bridge encounter applications and states, “The industry has long
understood that smoother pavements last longer and provide a more
safe, stable ride for the driving public. It is very encouraging to see
states such as Ohio take this rational step and apply these principles
to bridge decks and approach slabs. It makes perfect sense.”

During the construction phase of a project, ISU researchers
suggest that an increased number of inspections may also help
improve a
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» LESSONS LEARNED
Many of the problems previously associated with “the bump at the
end of the bridge” have been eliminated in Ohio. User perception
has improved dramatically. “Ever since the work was performed,
we’ve had positive comments from residents that bridges ride well,”
said Schleppi, “This work has actually raised the threshold of what is
deemed acceptable. People expect a smoother riding bridge now.”
Owner problems have been resolved as well. Smoother bridges and
bridge encounters have reduced snow plow damage, which in turn
reduces maintenance and equipment repair costs. “It used to be
thought that most blade damage on a snow plow was due to its
falling into an expansion joint, and that can happen, but it is
really more common for the damage to be caused by differences in
elevation at a roughness event,” explains Schleppi. And there are few
additional costs associated with the on-site work that is now being
done to improve smoothness.
A smoother ride also reduces dynamic loading on the superstructure,
because the vertical movement of heavy vehicles as they bounce
over uneven pavement applies greater stresses. Overall deck life has
been extended since smoothness specifications have been enforced.
“This issue has been costing us money,” said Schleppi, “so finding
a solution to it is really a matter of asset management. We have
enough data to show that our method works. We have some bridges
we’ve built that are as smooth as our pavements - we
have bridges in the 50s for IRI. When people go over
a bridge and don’t realize it — that is success.”
Grinding done by ODOT on interstate bridges has
also led to its use on other in-service bridges. Said
Schleppi, “After applying our bridge ride spec on
a section of interstate that spans three counties,
the diamond ground bridges rode very nicely. That
prompted the district to perform the same work on
several other area bridges that had decks in good
condition, and the result was a smoother ride.”

has been so successful, ODOT developed a web map tool that allows
districts to identify areas of localized roughness in their system. The
tool is integrated with several years of upcoming annual workplans
to help districts see where the areas of localized roughness might be
most easily addressed.
“Because areas of roughness are so often located at or near bridges,
our web tool has a layer that allows the user to also see all of the
bridge locations and get immediate access to the bridge information,
so that improving smoothness can be included in capital program
work,” said Schleppi.
Iowa State University credits ODOT with being an industry leader when
it comes to including ride quality as a part of a bridge construction
contract, performing state-of-the-art corrective actions solely to
improve rideability (even when no “failed” component exists) and
performing research related specifically to techniques for improving
bridge rideability. Schleppi urges state DOTs, public officials and other
decision makers to take a look at implementing the IRI-based bridge
smoothness specifications pioneered by ODOT, because it has been
demonstrated that the issue goes beyond simply how smooth a ride
feels. “We need to take a step back and take a holistic approach to this
topic. It isn’t just about maintenance or construction or engineering.
This topic requires expertise from geotechnical, construction, design
and other experts. We can build smooth bridges and keep them
smooth. We’ve seen success with that in Ohio.”

FOR MORE DETAILS ON OHIO’S IRI-BASED SMOOTHNESS
SPEC OR THE ISU STUDY, SEE THE FOLLOWING:
Ohio’s Surface Smoothness for Bridges and Approaches (IRI-based):
PN 555 -01/15/2021–Surface Smoothness for Bridges And Approaches
Final report from Iowa State University, “Identification and Evaluation of Pavement-Bridge
Interface Ride Quality Improvement and Corrective Strategies”:
https://cdm16007.contentdm.oclc.org/digital/collection/p267401ccp2/id/6561
State of Ohio Department Of Transportation Supplement 1112: Submittal and Application
Requirements For ProVAL Highway Smoothness Software For Bridge Encounters
Supplement 1112: Submittal and Application Requirements for ProVAL Highway
Smoothness Software for Bridge Encounters

Because diamond grinding bridges for smoothness

ABOUT IGGA

The International Grooving & Grinding Association (IGGA) is a non-profit trade association founded in 1972 by a group of dedicated industry
professionals committed to the development of the diamond grinding and grooving process for surfaces constructed with Portland cement
concrete and asphalt. In 1995, the IGGA joined in affiliation with the American Concrete Pavement Association (ACPA) to form what is now
referred to as the Concrete Pavement Preservation Partnership (IGGA/ACPA CP3). The IGGA/ACPA CP3 now serves as the lead industry
representative and technical resource in the development and marketing of optimized pavement surfaces, concrete pavement restoration
and pavement preservation around the world.
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