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1 INTRODUCTION

Currently, the Oregon Department of Transportation is investigating the potential for increasing
the truck speed limit from 55 to 60 mph in segments where the current speed limit is 65 for
cars/light vehicles and 55 mph for trucks. This report summarizes the literature on the
operational and safety impacts of raising speed limits, the effect of uniform versus differential
speed limit policies, and truck equipment and work zone policies.

1.1 SCOPE OF UPDATE

This report updates select topics from a previously published report “Impacts and Issues Related
to Proposed Changes in Oregon’s Interstate Speed Limits” by Monsere et al. (2004). New topics,
including impacts of different prevalent strategies in work zones and truck equipment on vehicle
speeds and safety were reviewed. The report reviews literature published since 2004 and indexed
on databases such as Transport Research International Documentation (TRID), Web of Science,
PubMed, Engineering Compendex, and Google Scholar using a list of keywords. Additionally,
the reference lists of a number of key sources were mined to identify additional references.

Table 1-1: Summary of Scope of the Literature Review

Topic Status | Short Summary of Scope
A review of current speed limits was performed for all states. Also included
Current Speed Limits Update | in the review are type of speed limits (universal or differential) and

maximum posted speed limits on interstate facilities by state.

Truck Safety Data New A review of truck safety statistics was conducted between 2009 and 2016.

Specific to trucks and large vehicles, a review of updated work on how
Role of Speed in Crashes | Update | speed contributes to crashes and how speed limit changes affect overall
crash occurrence were documented.

Updated review of published work documenting the impacts of uniform
Uniform Speed Limits Update | speed limits on observed speeds, crash frequency and severity of cars and
trucks

Updated review of published work documenting the impacts of differential
Differential Speed Limits | Update | speed limits on observed speeds, crash frequency and severity of cars and
trucks

Other Factors
Influencing Crash New
Frequency and Severity

Review of published work for factors (other than speed) that influence
crash frequency and severity

Truck Equipment and A review was conducted to establish literature on truck safety and

Safety New inspections as it relates to truck speeds.

Vehicle Speeds in Work A review of equipment and strategies used to improve vehicle and truck
New :

Zones safety in work zones was conducted and documented




2 LITERATURE REVIEW

This chapter presents a review of current literature published since 2004 for each of the topics to
be updated.

2.1 CURRENT INTERSTATE SPEED LIMITS

The authority to set speed limits on interstate facilities rests with state and local governments.
These typically range from 60 — 85 mph. Figure 2-1 shows the current maximum speed limits for
vehicles on interstate facilities across the US. The maximum may not apply to all roads in each
state. While most states utilize uniform speed limits, seven states (California, ldaho, Indiana,
Michigan, Montana, Oregon, and Washington) employ differential speed limits (DSL) for trucks.
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Figure 2-1: Maximum Interstate Speed Limits (Source IIHS)

Table 2-1 shows the detail in the seven states where differential speeds limits for trucks exist.
The truck maximum speed limits are between 55- 70 mph and are always lower than posted car
speed limits. The differences range from 5 to 15 mph in car and truck speeds.

Gates et al. (2016) tabulated recent changes to speed limit policies in different states. This table
is included in the Appendix. Since 2011, 28 states have raised their posted speed limits and three
states — Montana, Texas, and Oregon have raised speeds limits for trucks as well.



Table 2-1: States with DSL on Specified Segments of Interstates, (Source I1HS)

Rural interstates Urban interstates
State (mph) (mph)
Car Truck Difference Car Truck Difference
California 70 55 15 65 55 10
75 70 5 75 65 10
ldaho
80 70 10 80 65 15
Indiana 70 65 5 55 55 0
L 70 65 5
Michigan 70 70 0
75 65 10
Montana 80 65 15 65 65 0
65 55 10 55 55 0
Oregon
70 65 5
. 70 60 10
Washington 60 60 0
75 60 5

2.2 TRUCK SAFETY DATA

Figure 2-2 shows that the frequency of bus and large truck crashes, fatalities and injuries
increased by 35%, 19%, and 22%, respectively, from 2009 to 2015 (FMCSA 2011-16). Figure
2-3 shows the percentage of total truck fatal crashes by posted speed limit. While it would be
helpful to know the length of roadway in each speed category to better make comparisons, a
general conclusion can be drawn that most truck-involved fatal crashes are on higher speed
roadways and that there has been an increase to the percentage of these crashes on 70-75 mph

roadways.
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Figure 2-3: Fatal Truck Crashes by Speed Limit (2010-2014)

2.3 ROLE OF SPEED IN CRASHES

In the prior synthesis report, the conclusion was that raising speed limits increases crash fatality
rates, particularly on rural interstates, and also increases crash severity. The literature reviewed
since then in this report agrees with this conclusion.

Kockelman (2006) conducted a comprehensive study to investigate safety and operational
impacts of speed limit changes using a number of data sets including Washington State HSIS
data (1993 to 1996) for high-speed roadways, a national driver safety survey, vehicle speed data
from Southern California and Austin, Texas, and a national sample of crash records. Statistical
methods were used to study the impacts of speed limits on speed choice, crash frequency, and
crash severity. It was found that speed limit increases are associated with higher average speeds,
and higher speeds are associated with a higher probability of fatalities and serious injuries.
Donnell et al. (2009) formulated an informational guideline called speed concept for evaluating
design speed and setting speed limits. Crash severity was found to be positively associated with
individual vehicle speed, and the probability of being injured in a crash is positively associated
with the change in speed at impact. According to Nilsson (cited in OECD), a 5% change in
average speed is associated with a change in all injury and fatal crash frequencies by 10% and
20%, respectively (OECD 2006). Aarts and Schagen (2006) reviewed the relationship between
driver speed and crash rate in the literature. They found that an increase in individual vehicle
speed increases crash rate exponentially and an increase in average road speed increases crash
rate by a power function.



Friedman et al. (2006) used FARS data from 1995 to 2005 to investigate the effect of raising
speed limits on road fatalities and injuries. After controlling for exposure density (vehicle miles
traveled divided by miles of public roads) and vehicle density (number of cars per mile of road),
they found that raising speed limits resulted in an average increase of 3.2% in road fatalities,
with the highest observed increase on rural interstates at 9.1% ( 4.0 % on urban interstates).
Goodwin and Anderson (2015) found that fatalities increased on Texas interstate highways with
65 mph or greater speed limits by 45% from 1994 to 1999. National trends observed were similar
during the same time, with a 45% increase in fatalities on US interstates. However, the ratio of
fatalities to VMT actually decreased from 1994 to 1999 for both Texas and national data by 7
and 11 percent, respectively.

Savolainen et al. (2014) conducted a longitudinal analysis of fatal crash data from 1999 to 2011
across the US. They found that higher speed limits were associated with more single-vehicle
crashes, while lower speed limits were associated with more rear-end crashes. A state-level
assessment of traffic crash data for Michigan freeways from 2004 to 2012 showed that crash,
injury, and fatality rates on freeways with higher design speeds (70+ mph) were lower than those
on segments where speed limits were raised from 55 to 65 or 70 mph. This research highlights
the importance of geometric design and traffic characteristics when considering speed limit
increases (and is particularly relevant to the section of freeway being currently considered by the
Oregon DOT for changes).

Elvik conducted a meta-analysis in 2004 to develop a model describing the relationship between
changes in mean speed and changes in the number of crashes or victims. He combined 460
estimates from 98 studies, many of which controlled for potential confounding factors.
Confounding factors included regression to the mean, long-term trends in the number of
accidents, changes in traffic volume, changes in risk factors influencing crash occurrence, and
other measures influencing road safety. Elvik found that the relationship between changes in
mean speed and both crash and victim frequencies is well-described by means of a power
function. It was found that the effect of speed on number of crashes and injury severity is greater
than other known risk factors, such as volume. Equation 1 defines the power function initially
proposed by Nilsson. Assuming an exponent of 4 for fatal crashes, a 10% reduction in mean
speed would reduce fatal crashes by 34%, but a 10% reduction in traffic volume would reduce
fatal crashes only by 5%- 8% (Elvik 2005; Elvik 2009).

Accident after ( Mean Speed after )Exponent
Accident before

D)

Mean Speed before

Grant and Lilliard (2009) found that higher speed limits were generally associated with higher
truck-crash fatality rates. They plotted average large-truck involved fatalities by rural interstate
speed limits across the US from 1991 to 2005 (Figure 2-4).
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Figure 2-4: Average Large-Truck Involved Fatalities by Rural Interstate Speed Limits across the US (1991-2005),
(Grant and Lillard 2009).

Finally, the question of whether maximum speed or the variance in vehicle speeds causes crashes
continues to be reviewed. According to Johnson and Pawar (2005), their review of the literature
suggests there is a relatively strong consensus among both researchers and practitioners that
higher variance in vehicle speed is associated with higher risk of crash (as more interactions
occur among vehicles and thus the probability of being involved in a crash increases). It is less
clear how this speed variance interacts with changes in the posted speed limit or how speed
variance applies specifically to trucks and cars given the size and performance differences of
these vehicles. More detail is discussed in the differential speed limit section.

2.4 UNIFORM SPEED LIMITS
2.4.1 Impacts on Observed Speeds

The prior report found that raising speed limits (from 65 to 70 mph) increased average and 85™
percentile speed over time (Monsere et al. 2004). The literature reviewed in this report is
consistent with this conclusion.



All studies reviewed examined increases to posted speed limits. Recent studies are conclusive in
their findings that raising speed limits results in increases in mean and 85" percentile vehicle
speeds.

Table 2-2 summarizes the results of these studies. The data indicate that an increase in the speed
limit increases mean and 85" percentile speeds by a lesser amount than the speed limit increase
(Alemazkoor and Hawkins 2014; Donnell et al. 2016; Retting and Cheung 2008; Retting and
Teoh 2008; Johnson and Murray 2010; Gates et al. 2016; Dixon et al. 2012; Savolainen et al.
2014). Kockelman (2006) found that speed limit increases were associated with mean speed
increases less than half the increase in the speed limit.

Johnson and Pawar (2005) assessed operational and safety impacts of speed limit policies. They
analyzed speed data collected on Oklahoma and Missouri rural interstate highways with 75 and
70 mph speed limits, respectively. . Analysis of speed data showed that Oklahoma with higher
speed limits had mean speeds, 85" percentile speeds, and compliance rates larger than Missouri
with lower speed limits.Oklahoma with higher speed limit (75 mph) had larger speed car
variance and slightly smaller speed truck variance than Missouri with lower speed limit (70
mph). It should be noted that, according to Johnson and Pawar (2005), a number of studies
concluded that higher variance in vehicle speed is associated with higher risk of crash, as more
interactions occur among vehicles. Results are shown in Table 2-2. They considered strict
enforcement, highway design speed, truck percentage, differential speed limits and truck speed
limits over 65 mph as other important factors associated with an increase in speed variance.
Grant and Lilliard (2009) conducted a cross-sectional time-series regression analysis using state-
level data from 1991 to 2005 in the US to estimate traffic fatalities from large truck-involved
crashes. They found that higher speed limits, seat belt laws, truck length, diesel fuel
consumption, truck volume, income and unemployment rates are significant predictors of truck-
crash fatality rates.

Johnson and Murray (2010) compared the effect of different speed limit policies on vehicle
speeds across the US. The results of this study indicated that the effect of different posted speed
limits on mean and 85" percentile vehicle speed was small. They found that, on average, states
with 75 mph car speed limits had only 3.7 mph higher mean car speeds than states with 65 mph
car speed limits. The 85" percentile car speed remained on average unchanged between states
with 70 mph car speed limits and states with 65 mph car speed limits.



Table 2-2: The Effect of Raising Uniform Speed Limits on Vehicle Speed Measures (Study Results)

85th
. Mean
. Before | After Percentile Speed Compliance Sp_eed
No States Policy Speed Variance
(mph) | (mph) Change Rate Change
Change (mph) (mph)
(mph)
1 Texas USL 70 75 +3 <+5
2 Pennsylvania USL 65 70 <+5 <+5
Cars (+)
3 Utah USL 75 80 <+5 Trucks ()
4 Ohio USL* <65 70 5.4
5 Oklahoma vs. USL* (Trucks) 70 75 +4 +4 +3.1% 1.08
Missouri USL* (cars) 70 75 +3 +2.2 +21.5% -0.3

* Comparing speed limits (instead of raising);
1- (Alemazkoor and Hawkins, 2014); 2- (Donnell et al., 2016); 3- (Hu and McCartt, 2014); 4- (Savolainen et al., 2014);
5- (Johnson and Pawar, 2005)

These findings from recent studies agreed with study results from the prior report, which showed
that raising speed limits (from 65 to 70 mph) increased average and 85" percentile speed over time
(Monsere et al. 2004). Table 2-3 shows the impacts of raising speed limits cited in the prior report.
Overall, past and recent study results showed that although an increase in the speed limit is
associated with increases in vehicle mean speed and 85" percentile speed, these increases are
smaller than the posted speed limit increases.

Table 2-3: Reported Speed Changes for Select States Raising Speeds to 70 mph, (Monsere et al 2004)

Year Kansas Minnesota Washington Michigan
1995 1996 1995 | 1997 1995 1997 | 2004 1996 1996

Posted Speed Limit 65 70 65 70 65 70 70 65 70

Average Speed 67.2 66.1 67 68 69 70.4

85" percentile speed 69.5 76.2 73.3 75.0 72.4 74.0 | 75.0 75.02 75.68

Change from Base Year
Average Speed - - 0.9 1.9 1.4
85" Percentile Speed 6.7 1.7 1.6 2.6 0.66

2.4.2 Impacts on Crash Frequency and Severity

The prior report concluded that raising speed limits is associated with an increase in number of
crashes, fatalities and serious injuries (Monsere et al. 2014). The key findings from the recent
studies support the findings from the previous study that raising speed limits and larger increases
in speed limits are associated with higher crash frequencies and increase in severity.

Davis et al. (2015) found states with a 70 mph speed limit experienced 22% more total fatal
crashes than states with 60-65 mph speed limits. States with 75 mph or larger speed limits
experienced 84.5% more total fatal crashes than states with 60-65 mph speed limits. Kockelman
(2006) found that a 10 mph increase (55 to 65 mph) on a typical high-speed roadway increased
total crash counts by about 3%. For a 10 mph increase (55 to 65 mph) in the speed limit, the
probability of fatality would be expected to increase by 24%.



Farmer (2016) found that a 5 mph increase in the posted speed limit could be expected to
increase fatality rates on interstates and other roads by 8.3% and 4%, respectively. Farmer
concluded that the high fatality increase following raised speed limits could considerably reduce
positive impacts of other traffic safety strategies. Savolainen et al. (2014) found that a 10 mph
increase in speed limits (60 to 70 mph) increased fatalities by 31%, and a 10 mph increase from
65 to 75 mph or greater increased fatalities by 54% from 1999 to 2011 across the US. In
Michigan, seven segments raised uniform 55 mph speed limits to 65 or 70 mph speed limits for
cars and 60 mph speed limits for large trucks, while adjacent segments with higher design speed
maintained uniform 70 mph speed limits. Total and injury crashes increased in the seven freeway
segments, but decreased in adjacent segments with higher design speed. Souleyrette et al. (2009)
used crash data from 1991 to 2007 (14.5 years before and 2.5 years after the speed limit change)
and fit a generalized regression model to time series data. They found that the effect of raising
speed limits to 70 mph on crash frequency and injury severity level was not statistically
significant on rural lowa interstates. Study results are summarized in Table 2-4.

Malyshkina and Mannering (2008) concluded that speed limits did not significantly affect the
injury severity level of occupants involved in crashes on interstates. They used crash data from
2004 (a year before speed limit increases in July 2005) and from 2006 (a year after speed limit
increases) in Indiana. A multinomial logit model was used to determine the injury severity level
after raising speed limits up to 70 mph. Analysis of self-reported drivers’ free-flow speeds
suggested several reasons that could offset the adverse effect of higher travel speed due to
increased speed limits on injury severity level: (1) Drivers’ average speed became closer to the
posted speed limits. (2) The standard deviation of drivers’ speeds declined. (3) Drivers’ caution
increased. (4) Interstates required higher design standards.

Specific to trucks, Davis et al. (2015) found that states with a 70 mph speed limit experienced
31.7% more truck- and bus-involved fatal crashes than states with 60-65 mph speed limits. For
states with 75 mph or larger speed limits, truck- and bus-involved fatal crashes were greater by
51.1%. Grant and Lilliard (2009) found that raising either car or truck speed limits increased
truck-crash fatality rates significantly.

Table 2-4: The Effect of Raising Speed Limits on Crash Frequency and Severity (Study Results)

Posted Speed

Study Limits (mph) Changes In Total Crashes

Truck-

Reference Period Scope From To Fatal Crashes Rﬁﬁ;ﬁd Frequency
Crashes

. uUs 60-65 70 +22.2 %* +31.7 %*

Davisetal. | 19992011 | o a1y [ 065 | 75+ 184.5 %~ 511 0%~

Kockelman 1993-1996 us 55 65 +24 % ** +3%

Savolainen 60 70 +31 %

etal, 1999-2011 us 65 75 54 %

Grant and -- 55 -561

Lilliard 2L e - 75 1362

Farmer 1993-2013 us +5 +8.3 % ** -33,000

*- Comparing fatal crashes (instead of change from/to); **- Expected change in fatality rate, or probability.




2.5 DIFFERENTIAL SPEED LIMITS

2.5.1 Impact on Observed Speeds

All studies reviewed examined increases in posted speed limits. The prior report found that
differential speed limits decreased average truck speeds but increased speed variances between
cars and trucks (Monsere et al. 2004). Four of the five recent studies reviewed found that
increasing differential speed limits between cars and trucks resulted in an increase in all average
speeds, 85" percentile speeds and speed variance for both cars and trucks.

Savolainen et al. (2014) used speed data from 160 freeways locations in Michigan, Indiana, and
Ohio with 10 mph differential (70/60 mph), 5 mph differential (70/65 mph), and uniform speed
limits (70 or 65 mph), respectively. They developed regression equations to estimate the effect of
aforementioned speed limits on speed measures including the mean speed, 85" percentile speed
and speed variance, and these measures were separately estimated for cars, bus- and Trucks, and
all vehicles. Freeways with speed limits lower than 65 mph were considered as the baseline
condition to be compared with other speed limits. Results indicated that three states with
different speed limits had higher mean and 85" percentile car speeds than the base condition, and
these speed measures were consistent among three states. Mean and 85" percentile bus- and
truck speeds were higher than base condition. However higher mean and 85" percentile speeds
were lower for buses and trucks than for cars where speed limits were differential (70/60 and
70/65 mph). Standard deviations, where speed limits were uniform (70 or 65 mph) were smallest
for cars and insignificant for buses and trucks. In general, cars had larger standard deviations
than buses and trucks for different speed limits (USLs or DSLs). With respect to all vehicles,
standard deviation was highest (6.9 mph) for sites with higher differential speed limits (70/60
mph), and it was lowest (5.4 mph) for sites with higher uniform speed limits (65 and 70 mph). In
sum, the difference in mean and 85" percentile truck and bus speeds in Indiana and Michigan
were less than half of their differential speed limits. Higher differential speed limits were
associated with higher variability in bus- and truck mean and 85" percentile speeds.

Garber et al. (2005) examined operational impacts of different speed limit policies on 17 rural
interstate highways from 1991 to 2000. They found that regardless of speed limit policy (USL or
DSL), measures including mean speed, 85" percentile speed, median speed, and crash rates
increased over the 10-year period. The results suggested that changes in observed speeds were
largely unaffected by speed limit policies.

Johnson and Pawar (2005) analyzed speed data collected on Arkansas and Illinois rural interstate
highways with 70/65 and 65/55 mph speed limits, respectively. Arkansas with higher differential
speed limit (70/65 mph) had speed variances smaller than Illinois with lower differential speed
limit (65/55 mph). Analysis of speed data showed that Arkansas with higher speed limits had
mean speeds, 85" percentile speeds, and compliance rates larger than Illinois with lower speed
limits (except for lllinois with a 1 mph smaller 85" percentile car speed). Results are shown in
Table 2-5.

Johnson and Murray (2010) compared the effect of different speed limit policies on vehicle
speeds across the US. They collected speed data in 19 rural interstate locations, including

10



Oregon, with different speed configurations such as USL and DSL. They found that on average,
states with 75 mph truck speed limits had only 6.3 mph higher mean truck speed than states with
55 mph truck speed limits. Similarly, on average, states with 75 mph truck speed limits had only
85" percentile truck speed of 1 mph higher than states with 70 mph truck speed limits. Results
showed that there is differential between car and truck speed exists even for states with uniform
speed limits, regardless of speed limit policy (DSL or USL). These results are shown in Figure
2-5.
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Figure 2-5: Observed Speed Differentials for Different Posted Speed Differentials, (Johnson and Murray 2010)

Table 2-5: The Effect of Differential Speed Limits on Observed Vehicle Speed Measures (Study Results)

The 85 Mean
_ Before | After Percentile Speed Complianc Sp_eed
No States Policy (mph) | (mph) Speed Chanae e Rate Variance
P P Change m hg) Change (mph)
(mph) P
USL to DSL(Cars) 75 75/80 +6 -9% (>SL)
1| West Texas USL 0 DSLrneg | 75 | 75/80 3 | -9% (>SL)
2 MlChlgan DSL(Car/Truck)** <65 70/60 < +5 < +5 69
Indlana DSL(Car/Truck)** <65 70/65 < +25 < +25 62
USL to DSL (trucks) -4.5 -2.1 +10% (>
3 Idaho s 75/65 SL)
USL to DSL (cars) 75 75/65 +1.1
4 | Montana USL to DSL 65 70/60 +3.2 +1.6 +1.3
5 Arkansas vs. DSL** (trucks) 65/55 | 70/65 +2 +2.5 32.5% -0.3
llinois DSL** cars) 65/55 | 70/65 -1 +0.3 14.5% -1.3

*-Standard deviation in travel speeds; **- Comparing speed limits (instead of raising); (SL)-Speed Limit
1- (Retting and Cheung, 2008); 2- (Savolainen et al., 2014); 3- (Dixon et al., 2012); 4- (Gates et al., 2016);
5- (Johnson and Pawar, 2005).
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Table 2-6: State Vehicle Speed Measures with Different Speed Limit Policy, (Johnson and Murray 2010)

Speed Limit | Sample Size |  Average StdDev. | 85" % Speed| Compliance

Speed (mph) 3
smeHwyd w v 2 w 2] g

CA | I-5 55 70 | 277 | 213 [ 612 | 726 | 362 | 478 | ©

N

77 3.2 89 | 114

IL | 1-57 | 55 65 | 262 | 878 | 642 | 732 | 400 | 567 79 0.0 7.2 9.0

23

OR | I-5 55 65 | 273 | 288 | 609 | 700 | 287 | 452 75 15 | 149 | 91

WA |I-5*| 60 70 139 | 111 | 633 | 71.7 | 304 | 407 | 67 76 | 173 | 342 | 84
WA | I-5 | 60 70 154 | 146 | 645 | 716 | 267 | 352 | 67 75 | 220 [ 356 | 71
WA | 1-90 | 60 70 | 246 | 159 | 629 | 729 | 328 | 409 | 66 76 | 220 | 264 | 100
CT [1-395]| 65 65 184 | 129 | 664 | 727 | 380 | 453 | 70 78 | 452 | 54 6.3
CT [I-84%]| 65 65 156 | 144 | 660 | 736 | 3.16 | 521 | 69 78 | 500 | 56 76
CT |1-95| 65 65 | 212 | 121 | 66.1 | 720 | 344 | 468 | 70 70 | 434 | 86 59
SC |[I1-85"| 65 65 | 433 | 574 | 672 | 699 | 412 | 529 | T 76 | 351 | 206 | 27
AR | 1-40 | 65 70 169 | 362 | 667 | 735 | 369 | 432 | 70 78 | 325|218 | 68
SC |1-26 | 70 70 | 276 | 588 | 690 | 725 | 400 | 532 | 73 77 | 645 | 286 | 35
MO | 1-44 | 70 70 | 247 | 611 | 686 | 726 | 455 | 495 | 73 77 | 696 | 314 | 40
TX | 1-40 | 70 70 131 89 | 686|714 | 363 | 398 | 72 75 | 763 | 753 | 28
OK |[1-40 | 70 70 168 | 173 | 694 | 729 | 338 | 384 | 72 76 | 57.7 | 387 | 35
NM | I-25 | 75 75 36 120 | 689 | 768 | 597 | 424 | 75 81 | 861|383 | 79
NM | 1-40 | 75 75 | 276 | 239 | 680 | 755 | 420 | 475 | 73 80 | 982|511 | 75
SD | 1-90 | 75 75 193 | 213 | 670 | 747 | 400 | 4.21 71 79 | 989 | 549 | 77
WY | 1-90 | 75 75 140 | 164 | 698 | 753 | 485 | 445 | 75 79 | 914 | 479 | 55

* six-lane highways

2.5.2 Impacts on Crash Frequency and Severity

The prior report did not find sufficient evidence to make a definitive conclusion about the effect
of differential speed limits on safety. In the review of the literature published since the report,
there is some limited evidence of improved safety on rural interstates due to differential speed
limits. While most recent studies suggest that fewer truck- and bus- related fatalities are expected
under differential speed limits than uniform speed limits along rural interstates, a few studies
have also indicated that there is no significant difference or suggest an increase in crash
frequency.

Davis et al. (2015) studied traffic fatalities on rural interstate highways from 1999 to 2011. They
found that states with differential speed limits experienced 3.3% lower total fatal crashes and
24.6% lower truck- and bus-involved fatal crashes than states with uniform speed limits (Davis
et al. 2015). Savolainen et al. (2014) found that on rural interstates, states with uniform speed
limits had 20.5% higher truck- and bus-involved fatalities than states with differential speed
limits. On urban interstates, total fatality rates were not significantly different between states
with uniform speed limits and differential truck and bus speed limits.
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In Michigan, urban freeways with USL (55 mph) had a 49% higher total crash rate, 97% higher
injury rate, and 45% higher fatality rate than segments with DSL (70/60 mph) (Savolainen et al.
2014). Additional analysis showed that lower crash rates on freeways at 70 mph was reflective of
freeways with higher design speeds and illustrated the importance of segment-specific geometric
and traffic characteristics when speed limit increases are considered (Savolainen et al. 2014).
After changing speed limits from a USL (75 mph) to a DSL (75/65 mph) on rural 1daho
interstates, crash rates for all-vehicle and truck-involved crashes declined from 1998 to 2011 by
26% and 38%, respectively. A crash prediction model (SPF) showed that on average, truck-
involved crashes decreased by 8.6%, with a standard deviation of 5.06% (Dixon et al. 2012).
Differential speed limits and truck lane restriction policies were implemented on a Louisiana
freeway. Results showed that total and truck-involved crashes decreased by 13% and 79%,
respectively (Ishak et al. 2008; Korkut et al. 2010).

Garber et al. (2005) concluded that correlation between crash rates and type of speed limit was
not clear. In Idaho, both an increase in the USL with an increase in mean speed and 85
percentile speed, and a change from USL to DSL did not significantly change crash rates, but
significantly increased crash frequency in all types of crashes, except for truck-involved rear-end
crashes. In Virginia, a change from DSL to USL with a significant increase in the compliance
rate significantly increased total truck-involved crash rates and crash frequency in three of the
five crash types. Gates et al. (2016) found that a change from a DSL (70/60 mph) to a USL (65
mph) on two-lane two-way rural highways that occurred along 55 miles in eastern Montana in
April 2013 did not change non-animal related crashes significantly (Gates et al. 2016).

Traffic simulation models showed that differential speed limits (DSL) caused lower car-car
overtaking but higher car-truck overtaking than uniform speed limits (USL). DSL and percentage
of trucks slightly increased time to collision measures in the simulation models (TTC) (Ghods
and Saccomanno 2016). Johnson and Pawar (2005) used simulation models to determine the
number of interactions occurring among vehicles. They found that for an interstate differential
speed limit of 65/55 mph, the number of interactions for trucks traveling at the speed limit (55
mph) would be four times greater than for trucks travelling at mean traffic speed.
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Table 2-7: The Effect of Changing Speed Limit Policies on Crash Frequency and Severity (Study Results)

Study Posted Speed Limits Changes In Total Crashes
(mph)
Fatal Truck-
Reference period Scope From To Related Fatal | Frequency
Crashes
Crashes
Davisetal. | 1999-2011 us USL* DSL* -3.3% -24.6%
USL DSL
Savolainen | 2004-2012 | Michigan 55) (qoso) | T
et al (LlrEr) e Ll Decreased
' (65-70/60) (70)
1999-2011 us USL* DSL* -20.5%
. i USL DSL R0 a0
Dixon et al. 1998-2011 ldaho (75) (75/65) 26% 38%
. USL DSL -13% -79%
Korkutetal. | 2004-2006 | Louisiana (60) (60/55)
DSL USL Non-SIG
Gates et al. 2005-2014 Montana (70/60) (65)
USL DSL Increased
Idaho
Garber etal. | 1991-2000 o DSL USL Non-SIG** Increased
Virginia

* Comparing Speed Limits (instead of change from/to), ** Crash rate (instead of frequency)

2.6 OTHER FACTORS INFLUENCING CRASH FREQUENCY AND
SEVERITY

Studies have found that other traffic parameters such as density, volume, and geometric features
such as number of lanes, shoulder width and median type also play a role in the choice of speed,
and thereby influence crash frequency and severity.

Kononov et al. found that traffic density (d) multiplied by speed squared (s?) can be used as an
explanatory variable (FCP1=ds?) reflecting the probability of a crash. Their findings showed that
flow crash potential indicator (FCPI) has a critical threshold (FCPIc), which if exceeded results
in a rapidly increasing crash rate. The relationship between FCPI and crash rate is shown in
Figure 2-6. Results of this study suggest that traffic volume should be taken into account when
the effect of speed on road safety is evaluated (Kononov et al. 2012).
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Figure 2-6: The Relationship between FCPI and Total Crash Rate per Million VMT

Other studies confirmed that traffic volume should be considered in the design of speed limits,
even if 85" percentile speed under free-flow conditions allows an increase in the speed limit
(Kononov et al. 2012; Russo et al. 2015; Christoforou et al. 2012; Ghods and Saccomanno
2016). Christoforou et al. found that traffic speed and volume were significant factors for
predicting crash type and influencing injury severity level. Lower traffic volumes and higher
speeds above certain traffic volume thresholds were associated with higher probability of severe
accidents. Rear-end crashes were more likely to occur under low traffic volume and average
speed, but sideswipe crashes were more likely to occur under high traffic volume on non-flat
segments. Also, multi-vehicle crashes, other than rear-end crashes, were more likely to occur at
high speeds, during daylight conditions, and on flat road segments, while single-vehicle crashes
were more likely to occur on straight and flat segments. The lighting and road surface conditions
were other significant factors affecting the injury severity level (Christoforou et al. 2012).

Mannering (2007) found that the effects of a wide variety of factors influencing driver’s speed
choice vary by speed limit. These factors include socioeconomic variables (age, number of
children, gender and income), age when first licensed, and driver perceptions (pavement
condition, vehicle prestige, etc.). Williams et al. (2006) found that speeders (drivers who drove
15 mph above the posted speed limits) were younger, more likely to drive newer vehicles and
had more speeding violations or other traffic violations on their records. Islam et al. (2014) found
that interaction terms between speed limits and road geometry such as number of lanes, shoulder
width, and median type should be included in estimating crash prediction models (SPFs).
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These findings suggest that traffic parameters and geometric factors also influence the choice of
speed and thus should be considered in speed limit policy.

2.7 IMPACT OF TRUCK EQUIPMENT ON SAFETY

A few studies have looked at the impacts of safety equipment such as speed limiters and lane
departure warning systems, forward collision warning systems, and roll stability systems on
truck crashes (Orban et al. 2006, Bishop et al. 2008, Saccomano et al. 2009, Houser et al. 2009,
Hanowski et al. 2012, Murray et al. 2009a, Murray et al. 2009b). These equipment have been
found to have a positive impact on safety and reduce different types of truck crashes. Table 2-8
shows the key findings from these studies.

Speed limiters also known as speed governors are devices that interact with a truck engine to
only permit the attainment of a pre-programmed maximum speed (Bishop et al., 2008). They are
in use in Europe and Australia. Currently all new model trucks in the US are equipped with
speed limiters. The advantages of using this equipment are proven safety benefits (reduction in
crash rate, severity and speed variability), reduction in fuel use and tire wear (Bishop et al.
2008). Use of speed-limiting devices vary by industry segment (many long haul fleets will use
the technology while owner-operators will be less likely). At higher posted limits this may result
in increased speed variability whether or not DSL polices are in effect (Johnson and Pawar
(2005). However, there are some concerns regarding their adoption including different
maximum programmed speeds in US and Canada, loss of independence associated with driving
at a set speed limit, loss of ability to accelerate in risky situations and improvements in fuel
efficiency related to speed limiters and associated negative impacts on transportation funding
(Bishop et al. 2008). Simulation studies that evaluated the impacts of speed limiters found they
increased safety during uncongested flow regime and reduced in safety during congestion
(Saccomano et al. 2009), and lowered crash rates (Bishop et al. 2008, Hanowski et al. 2012).

Lane departure warning systems consist of a main unit and a video camera, that is mounted on
the windshield and records data on the roadway (Houser et al. 2009). The video images are
processed to estimate the vehicle’s state and warn drivers when a speed threshold is exceeded.
Unlike speed limiters, these systems do not take any automatic action to avoid lane departure,
instead they rely on the driver to perform the necessary action (Houser et al. 2009). Most studies
found that LDWS reduce single vehicle roadway departure collisions and rollover crashes, same-
direction lane departure sideswipe crashes and opposite-direction lane departure sideswipe and
head-on collisions (Houser et al. 2009), and reduced conflicts on straight roads and curves
(Orban et al. 2006). A survey conducted to understand driver perceptions regarding LWDS
revealed that while the system helped them in maintaining their lane and was easy to use and
understand, they were confused by multiple warnings provided by the system and were unable to
distinguish lane departure warnings from other warnings (Orban et al. 2006).

Forward collision warning systems (FWCS) provide audible and/or visual warnings about

vehicles and objects that come within a specified distance in front of a vehicle equipped with
such a system (Murray et al. 2009a). These systems use Doppler based radar to determine the
distance, difference in relative speed and angle between the truck and the object in front of it,
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and deliver warnings if necessary (Murray et al. 2009a). FWCS can also be integrated with
adaptive cruise control (ACC) systems to reduce rear-end collisions, however they cannot
automatically change the truck’s trajectory or speed. Murray et al. studied the costs and benefits
of forward collision warning systems and found reductions in rear-end crashes and expected
positive returns on investment for carriers that use FWCS, who are also likely to be involved in a
rear-end crash (Murray et al. 2009a).

Stability control systems incorporate sensors that monitor vehicle dynamics and determine a
vehicle’s stability based on its mass and velocity. Both roll stability and electronic stability
systems can reduce the vehicle’s throttle and apply the brakes to either reduce roll instability or
both roll and yaw instability. Murray et al. also studied the impacts of roll stability control
systems that are designed to reduce large truck roll-over crashes using a cost-benefit analysis and
found reductions in combination vehicle rollover crashes (Murray et al. 2009b). The authors also
state that small carriers may not break-even during the first five years post RSC deployment,
however this equation may change, if the number of rollover crashes and/or their severity
increases (Murray et al. 2009Db).

Table 2-8: The Impact of Truck Equipment on Safety (Study Results)

Reference Device Tg;:ﬂz;f Key Findings
Increases safety in the uncongested region of traffic flow
s As volumes and percentage of trucks increases, safety gains are less
accomano Speed . .
et al. 2009 Limiter Simulation | pronounced _ .
When volume approaches capacity, reduced safety is observed
When compliance increases, small increase in safety is observed
Bishop et al. Survey Speed limiters help in reducing top speed of the vehicle to improve
2008 Speed safety and fuel economy
Limiter Some respondents reported tampering with the speed limiters (22%-
27%)
Hanowski et Speed Field Test | Trucks equipped with speed limiters had significantly lower crash
al. 2012 Limiter rate (50%)
Cost of technology is negligible and not cost-prohibitive
Orban et al. Lane Field Test | Reduce driving conflicts on straight roads (31%), on curves (34%)
2006 Departure Reduction in single vehicle roadway departure crashes (21%-23%)
Warning Reduction in rollover crashes (17%-24%)
Systems
Houser et al. Lane Cost- Significant safety benefits from reduction is single vehicle roadway
2009 Departure Benefit departure collisions and rollover crashes
Warning Analysis | Positive return on investment
Systems
Murray et al. Forward Cost- Between 8,597 and 18,013 rear-end crashes are likely to be
2009 Collision Benefit prevented through the use of FWCS
Warning Analysis | Positive return on investment is likely for carriers that use FWCS,
Systems that are also likely to be involved in a rear-end crash
Murray et al. Roll Cost- Between 1,422 and 2,037 combination vehicle rollover crashes are
2009 Stability Benefit likely to be reduced in curves
Systems Analysis | Net benefits are likely through the use of RSC
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2.8 VEHICLE SPEEDS AND CRASHES IN WORK ZONES

Many studies have examined the effectiveness of different strategies and equipment in reducing
crashes and severity of crashes in work zones. Our review focused on interstates. A summary of
the literature is below.

Benekohal et al. found that automated speed photo-radar enforcement (SPE) significantly
decreased mean vehicle speed and the percentage of vehicles exceeding the speed limit (55 mph)
for both travel lanes in two work zones in Illinois (Benekohal et al. 2009). Bai et al. found that
locating a portable changeable message sign (PCMS) 575 feet from the Road Work Ahead
(RWA) sign upstream of a work zone resulted in the smallest speed variability between cars and
trucks (Bai et al. 2015).

Edara et al. found that the deployment of advisory variable speed limit (VASL) in uncongested
work zones of urban areas resulted in an average reduction of 2.2 mph in vehicle speed, and an
increase in the standard deviation of vehicle speed by 4.4 mph, due to the advisory nature of
VASL. The compliance rate with VASL was about eight times greater than without VASL, but
this increase was not significant. For congested sites in urban work zones, VASL was effective
in slowing vehicle speed approaching work zones gradually, preventing sudden reduction in
vehicle speed within work zones. In two rural work zones, a static VASL sign reduced mean
speed, speed variance, and 85" percentile speed downstream from the VASL sign, but these
reductions were not significant except for speed variance in one site (Edara et al. 2008).

Vehicle speeds with a truck-mounted radar speed sign (RSS) display turned on were compared
with a RSS display turned off in work zones on high-speed (55 and 65 mph) roadways in
Oregon. The findings revealed that 85" percentile speed from the location of the RWA sign to
the active work area decreased by 1-8 mph (1-15 %). The compliance rate in the work zone
increased by 12%. The mean speed slightly increased in the work zone but decreased from the
RWA sign to the work zone. The difference between speeds of adjacent vehicles passing through
the work zone decreased by 2 mph. Distances between adjacent vehicles passing through the
work zone also decreased. Overall, the effect of truck-mounted RSS on reducing vehicle speeds
in work zones was found promising (Gambatese and Jafarnejad 2015).

Li et al. found that drivers aged between 35 and 44 accounted for the majority of fatal crashes
(34%) in Kansas highway work zones. Most crashes occurred during daylight hours (10:00 am —
4:00 pm). Truck-related crashes most often occurred when weather conditions were clear and
road surface was dry. Rear-end crashes were the dominant type of crash for all injury levels.
Highways with 65 mph speed limits comprised most fatal crashes. More than 50% of fatal
crashes occurred on straight and flat highway work zones. Light conditions, vehicle maneuvers,
crash type, number of vehicles, speed limit, area information and traffic control may affect crash
severity in work zones (Li et al. 2011). Osman et al. found that daytime crashes, no control of
access, higher speed limits and crashes on rural principal arterials were important factors
contributing to higher severity level of truck-involved crashes in work zones in Minnesota
(Osman et al. 2016).
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3 CONCLUSIONS

Numerous studies have investigated the effects of raising speed limits and impacts of uniform
versus differential speed limit policies on crash frequency and severity after the repeal of
National Maximum Speed Law (NMSL) in 1995. The relationship of speed and safety is a
complex relationship that continues to be the focus of research. This report updates a select
number of topics that were included in the “Impacts and Issues Related to Proposed Changes in
Oregon’s Interstate Speed Limits” submitted to ODOT in 2004 (Monsere et al. 2004) including
new topics on work zones and truck equipment.

In compiling this report, no original data analysis was conducted. The objective of the report was
to prepare a summary of the impacts of raising speed limits documented in recently published
literature. These findings can be considered by policymakers with other criteria. Based on the
literature review, key findings are summarized below:

Currently seven states employ differential speed limits for trucks on interstate facilities.
The minimum speed differential is 5 mph and the maximum is 15 mph.

The literature published since the last study supports the previous conclusion that an
increase in speed limits will increase the mean and 85th percentile vehicle speeds. This
increase is typically lower than the speed limit increase (implying that most vehicles are
already traveling above the speed limit prior to the change). This finding is applicable for
both cars and trucks.

The prior report concluded that raising speed limits is associated with an increase in the
number of crashes, fatalities and serious injuries. This literature published since the last
study is consistent with this finding.

The prior report did not find sufficient evidence to make a definitive conclusion about the
effect of differential truck speed limits on safety. The subject remains challenging to
study, partly because of the confounding effects of the two results of DSLs (increased
speed differences of vehicles in the traffic stream and lower speeds for heavy vehicles).
The recent literature and analysis suggest that an increase in differential speed limits
increases the mean and 85th percentile speeds for both cars and trucks. With respect to
safety, the findings of this report suggest that there is some limited evidence of improved
safety, particularly along rural interstates, due to differential speed limits.

Newer truck equipment such as speed limiters (governors), lane departure warning
systems, forward collision warning systems, and stability control systems have the
potential to decrease truck crashes and improve safety. The extent of industry adoption of
these technologies in the fleet was not quantified and would be key in determining the
possible safety effects of these technologies.

For work zones, use of variable message signs and radar speed signs helped in reducing
truck speeds through work zones and increasing compliance.

Not all impacts of the proposed changes to speed limits were studied in this update or in the prior
report. Speed limit decisions ultimately involve trade-offs in safety, the efficiency of travel, and

19



societal values. It is recommended that detailed engineering and safety analyses are conducted
prior to any speed limit changes. Examination of mean and 85th percentile speeds, speed
variability, crash history and roadway geometry, and traffic volumes may be warranted along
roadways under consideration. Additionally, examination of economic, environmental, and
health-related impacts should also be considered.
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APPENDIX

A. Recent Changes to State Speed Limit Policies, (Gates et al. 2016)

State Tvpe of Roadway Prior Limit | New Limit Effective Date
Ohio Ohio Tumpike 65 70 April 2011
Louisiana Select Rural Freeways 70 75 July 2011
Kansas Rural Freeways 70 75 July 2011
Indiana Tollway 55 70 February 2012
Arkansas Select Rural Highway 55 60; 65 June 2012
Texas Rural Freeways: Tollway 75; 80 80; 85 October 2012
Kentucky Select US Highway 55 65 October 2012
Montana Select Rural Highways 70¢/60t 65¢/65t Apnil 2013
Ohio Select Rural Freeways 65 70 July 2013
North Carolina Select Rural Freeways 65 70 September 2013
Utah Select Rural Freeways 75 80 September 2013
Alaska State Highways 55 65 November 2013
Georgia Select Interstates 55 65 November 2013
Illinoss Tollway: Select Freeways 55: 65 70 January 2014
New Hampshire | Select Interstates 65 70 January 2014
South Carolina Select State Highways 55 60 January 2014
Pennsylvania Rural Freeways 65 70 January 2014
Maine Select Interstates 55-65 60-70 May 2014
Wyoming Select Interstates 75 80 July 2014
Idaho Select Interstates 75 80 August 2014
South Dakota Select Interstates 75 80 April 2015
Wisconsin Rural Interstates. Select Fwys | 65 70 June 2015
Maryland Select Interstates 65 70 September 2015
Montana Rural Interstates 75 80 October 2015
Nevada Select Freeways 75 80 October 2015
Kentucky Select Rural Highways 55 65 October 2015
Washington Select Freeways 70¢/60t 75¢/60t February 2016
Select Rural Highways and
Oregon Select Rural Freeways 55:65¢/55t 65¢/60t;70c/65t | March 2016
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