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What other
studies were
examined?

What did the
examined
studies
conclude?

Do the results
from the MPW
study effort
correspond
with other
studies’
results?

Metro Traffic Calming Study
Phase 2
Nashville, Tennessee

Other Published Study Results

Published Literature

“Traffic Calming Design Standards for New Residential Streets: A Proactive
Approach” (Gwinnett County, Georgia)

Published Results

The Gwinnett County study examined, among other things, the effect of
horizontal curve design on operating speeds. A number of curves with varying
degrees of curvature and radii were studied and the 85h percentile operating
speeds were recorded. The speeds were recorded by tube counters at the
point of curve tangency.

No model could be found to adequately predict the relationship of design
factors on operating speed (all model relationships were statistically
insignificant). However, the study made a reasonable grouping of data points
which showed most 85" percentile operating speeds below 30 mph. (The
study noted that residents express concerns about residential speeding when
speeds are in excess of 30 mph.) Based on this grouping, the study then
presented a table showing curve values required to maintain operating speeds
in the 25-30 mph range. According to this table, a curve radius of 100 feet
should be used for curve angles between 30 and 40 degrees, a radius between
120 and 130 feet should be used for angles between 41 and 50 degrees, and a
curve radius between 120 and 150 feet should be used for curve angles
greater than 50 degrees.

These design guidelines are cited in the study’s conclusion as one of a set of
measures for traffic calming on new residential streets. The study states that
the preferred design, of new residential streets, to keep operating speeds
under 30 mph is a curvilinear design which incorporates the above cited
horizontal curve guidelines as well as the study’s recommended maximum
length of roadway (500 feet) between speed control points, the speed control
points in this case being the horizontal curves.

Correlation of Results

Phase 2 of this traffic calming study examined the relationship between vehicle
operating speed and horizontal curvature, as did the Gwinnett County study.
However, the nature of the curves studied and the points of measurement
differed between the studies. Where the Gwinnett County study measured
speeds at the point of curvature for curves of varying curve angles, this study
measured speeds on the tangent before the point of curvature on curves that
were all of 90 degree alignments. Also, the Gwinnett County only recorded
approach speeds while the MPW study recorded approach and departure
speeds. Therefore, unless otherwise stated, any comparison of MPW speeds
to Gwinnett County speeds will be for approach speed only.

One would expect that the operating speeds reported in the Gwinnett County
study would be somewhat lower than those for the MPW study. But,

Gresham, Smith and Partners 19



What
conclusions
can be drawn
from a
comparison
with other
studies?
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ﬁ
recognizing that the Gwinnett County speeds were recorded at the point of
curvature, a more proper comparison would use only the speeds from this
MPW study recorded closest to the point of curvature, which were the seven
locations at 100 feet from the point of curvature. In the Gwinnett County study,
for a 90 degree alignment, there were five locations with 85" percentile speed
below 30 mph and two locations above 30 mph. The seven MPW study
locations at 100 from the point of curvature also showed five locations with 85"
percentile speed below 30 mph and two locations above 30 mph. This
suggests a high correlation between the two studies’ speed data.

Comparison Conclusions

Based on the correlation of data between this study for metro Nashville and
the Gwinnett County study, it would appear that the conclusions of the
Gwinnett County study can be transferred to the metro Nashville area.
Namely, that the design of horizontal curves can be harnessed as a traffic
calming measure for new residential streets, and that the design guidelines
can be used to maintain operating speeds below 30 mph.

Conclusions

Horizontal curves with 90 degree alignments appear effective in reducing
vehicle speeds, though the radius of curvature is a key determinant to what
extent speeds are reduced. This study has shown that curves with a radius of
curvature less than 100 feet are more effective at reducing speeds than other,
gentler curves. A relationship to predict vehicle speed at a specific distance
from curvature was difficult to identify from the data (that is, the relationship
would not have a high statistical relevancy). However, data from the study
clearly shows that a vehicle’s speed can be expected to be lower the closer the
vehicle is to the curve, and that a vehicle’s speed is likely to be lower departing
from a 90 degree curve than approaching that curve. An average speed
reduction of 2.8 mph was observed for vehicles departing a tight curve, and an
average speed reduction of 1.9 mph for was observed for vehicles departing a
gentler curve. Therefore, despite being able to say that a vehicle's speed will
decrease as it approaches a curve, it is difficult to predict precisely what that
speed will be.

When using 90 degree horizontal curves on residential streets to maintain
vehicle speeds at the 30 mph level or lower, only tight curves, with a radius of
curvature of 100 feet or less, should be used because more gentle, sweeping
curves do not show an ability to slow vehicle speeds. Data from this study
suggest that tight curves should be placed 400 feet apart (measured from the
points of curvature) in order to maintain 85" percentile vehicle speeds at 30
mph or less. This conclusion has been reached by noting that vehicle speeds
approaching a tight curve decrease to 30 mph around 150 feet from the point
of curvature and that vehicle speeds departing a tight curve reach 30 mph
around 250 feet from the point of curvature. The recommended curve spacing
of 400 feet compares reasonably to the spacing recommendation of 500 feet
included in the Gwinnett County study.
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§
The analysis contained in this appendix is intended as a supplement to the
Metro Traffic Calming Phase 2 report (March 3, 2004). The Phase 2 report
focused on horizontal residential curve designs with 90 degree alignments and
its effect on vehicle travel speeds. Speeds were evaluated on both the
approach and the departure from curves in order to determine the effect, if any,
that curves have on speed reduction. The study concluded that horizontal
curves with 90 degree alignments appear effective in reducing vehicle speeds,
though the radius of curvature is a key determinant to what extent speeds are
reduced. The study showed that curves with a radius of curvature less than
100 feet are more effective at reducing speeds than other, gentler curves. The
study was not able to identify a relationship to predict vehicle speed at a
specific distance from curvature, however.

As a supplement to the Phase 2 work, we had determined that the physical
characteristics of the roadway and surrounding environments would be
examined in order to determine if any of these characteristics could be
correlated with the Phase 2 findings. Specifically, it was hoped that vehicle
speeds and speed reductions could be correlated with the physical
characteristics of the roadway and the surrounding environment.

Because the Phase 2 report found that horizontal curves with a tight radius of
curvature were more effective at reducing vehicle speeds, the supplemental
examination was restricted to the ten tight curves contained in Phase 2. A
number of physical factors were considered at each curve which could affect
vehicle speeds:

« Roadway width
* Pavement quality
¢ Roadway signage
¢ Roadway Striping
e (Grade
e Sight lines
e Side friction factors
o On-street parking
o Utility poles
o Trees and shrubbery
o Berms and ditches
¢ Channelization factors
o Curb and gutter
o Shoulders
o Sidewalks

The pavement quality and sight lines were found to be virtually the same at
each curve location, and so these two factors were eliminated as possible
determinants of the different speeds at each curve. The rest of the potential
factors were observed in various locations, as summarized in Table A-1.

#
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#

In general, no correlations were found between vehicle speeds and physical
characteristics of the roadway. The physical factors listed above were
compared to the approach speed at the furthest measured point from the
curve, the departure speed at the furthest measured point from the curve, the
decrease in speed from the approach speed to the departure speed at the
furthest measured point from the curve, the average approach speed, the
average departure speed, and the decrease in average speed from the
approach speed to the departure speed. At all locations, the furthest measured
point from the curve was either 400 or 500 feet from the point of curvature.
See Tables A-2 through A-7 for a summary of Phase 2 travel speed data
compared to physical roadway characteristics.

It seems reasonable to assume that roadway width would be a factor in
determining travel speeds, but the data at these curves does not support that
assumption. Seven of the ten locations have lane widths of either 10 or 10.5
feet. The other three locations have lane widths of 9, 12, and 15 feet. One
might expect that the roads with 12 and 15 foot lanes would have higher
speeds than the road with 9 foot lanes. However, the wider roads have two of
the three lowest approach speeds (33 and 35 mph at furthest point, 30.7 and
32.3 mph on average), and the narrowest road has the third highest approach
speed (41 mph at furthest point and 35.3 on average). A look at the departure
speeds yields inconsistent results. The wider roads have two of the three
lowest departure speeds measured at the furthest point from the curve (31 and
32 mph), and they have the lowest and fifth lowest departure speeds on
average (28.7 and 30.3 mph). The narrow road has the fifth lowest departure
speed measured at the furthest point from the curve (35 mph) but the third
highest departure speed on average (31.7 mph). When looking at the
decrease in travel speed between the approach speed and the departure
speed, the narrow lane width appears to have more of an effect than the wider
roads. The narrow road’s speeds decrease the most measured at the furthest
point from the curve and third most on average, while the wider roads’ speeds
do not decrease as much. However, as demonstrated above, the wider roads’
approach speeds are among the lowest already and so a small decrease to the
departure speeds was not unexpected.

Road signage to caution drivers about an approaching curve cannot be tied to
lower speeds in general. Curves with warning signs have the five highest
approach speeds measured at the furthest point and on average. The curve
with the lowest approach speed (at the furthest point and on average) also has
warning signage. It does not seem logical to conclude that the presence of
curve warning signs leads to higher travel speeds. What seems more likely is
that the design speed of the roadway required the warning signs. That is, the
travel speeds caused the signs to be put in place, not the other way around.

Roadway striping at the observed locations has no discernable correlation with

travel speeds. The curves with roadway striping seem no more likely to have
low or high speeds than the curves without striping.

Gresham, Smith and Partners A-3
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Only four of the tight curve locations could fairly be described as level. These
locations include the two lowest approach speeds measured from the furthest
point from the curve but also the fifth and ninth lowest speeds. A similar
pattern is observed for departure speeds measured from the furthest point from
the curve. Looking at the average approach speeds, curves on a level grade
had the two lowest speeds and the fifth and seventh lowest speeds. Level
curves had the four lowest average departure speeds. Looking at the
decrease in speeds between the approach speed and departure speed, level
curves had some of the highest and lowest speed decreases, both determined
by average speeds and speeds measured from the furthest point on the curve.
However, the two level roads that had the lowest speed decreases are also the
two roads that have the lowest approach and departure speeds, so only a
small decrease was not unexpected.

Of the curves not on a level grade, some had uphill approaches, some had hilly
approaches (both uphill and downhill sections), and one had a downhill
approach. It was difficult to correlate vehicle speeds to specific grade
observations. For example, the curve with the downhill approach (and by
definition, an uphill departure) had one of the lower approach speeds and one
of the higher departure speeds, which seems counterintuitive. Also, the curves
with uphill approaches (and downhill departures) showed both high and low
approach and departure speeds.

Various side friction elements were present at nine of the ten tight curve
locations. Side friction elements that were observed include: ditches and
drop-offs, berms, trees, on-street parking, and large mailboxes that were close
to the road. Most of the side friction elements could not be used to predict
speeds because they were located on curves with both higher speeds and
lower speeds. However, at only two curves was on-street parking observed,
and these two locations had the two lowest approach speeds both on average
and measured from the furthest point from the curve. These two locations also
had the two lowest departure speeds measured from the furthest point from the
curve, and they had the first and third lowest departure speeds on average.

According to the observations and Phase 2 data, the presence of side friction
elements on a roadway is not, in itself, a strong predictor of low speeds
compared to a roadway without side friction elements. The only tight curve
without any substantial side friction elements also had some of the lowest
travel speeds.

One might expect that channelization factors such as curbs, sidewalks, and
shoulders would lead to higher travel speeds because drivers would feel safer
with a clear separation from the surrounding land. However, no correlation
between channelization factors and speeds was possible at the observed
locations. Of the three curve locations with channelization factors present, two
have two of the lowest speeds and only one has high speeds.

In conclusion, because no correlation could be found between vehicle speeds
and physical roadway characteristics, it is impossible to make any specific
recommendations about the design or placement of physical characteristics to
achieve a specific lower speed. At most it appears that roadways with on-
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street parking may encourage lower approach and departure speeds, and that
level roadways may encourage lower departure speeds. However, it is not

possible to say definitively that these characteristics would be enough to
strongly predict lower speeds.
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