



































US and MN Trunk Highways

The Minnesota Trunk Highway Network accounts for less than 8% of the entire Minnesota
roadway network, yet these roads carry over 40% of all the vehicle miles traveled.

Fatal crashes is mildly correlated with traffic volume (r = +0.239, p=0.063). Of the 201 people
killed in head-on crashes on US and MN two-lane two-way Trunk Highways, 80% of fatalities
(161 people) occurred on highways with traffic volumes above 2,000 ADT. These highways
have a total length of 3,769 miles. See the Appendix F for more detailed information.

Table 6: Traffic Volumes (ADT) for Fatalities in Head-On Crashes on Minnesota two-lane two-way
Trunk Highways (2009-2013)

Traffic Volume Number of Fatal Number of Percentage of Total
Range (ADT) Crashes Fatalities Fatal Crashes
0-400 1 1 0.6%
401-1,000 I 9 4.4%
1,001-2,000 23 30 14.5%
2,001-3,000 27 34 17.0%
3,001 - 5,000 62 74 39.0%
5,001-10,000 27 36 17.0%
10,001-15,000 5 10 3.1%
15,001-20,000 6 6 3.8%
20,001+ 1 1 0.6%
Total 159 201 100.0%

Source: MNnCMAT, June 2014. MnDOT TDA, July 2014.

Table 7: Roadway miles of Minnesota two-lane two-way Trunk Highways

Traffic Volume Number of Percent of

Range (ADT) Miles Miles
0-400 412 4.7%
401-1,000 1,838 21.1%
1,001-2,000 2,707 31.0%
2,001-3,000 1,372 15.7%
3,001 - 5,000 1,470 16.8%
5,001-10,000 762 8.7%
10,001-15,000 99 1.1%
15,001-20,000 52 0.6%
20,001+ 14 0.2%
Total 8,726 100%

Source: MnDOT TDA, July 2014.

On US and MN two-lane two-way Trunk Highways with an ADT above 2,000 vehicles per day
account for only 2.5% of the roadway miles in Minnesota, but account for over 8% of all traffic
fatalities in a given year.
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Figure 4: Percentage of Trunk Highway Mileage versus the Percentage of Fatal Head-On Crashes
when using Traffic Volume on Minnesota two-lane two-way Trunk Highways (US and MN
Classification)
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Source: MNCMAT, June 2014. MnDOT TDA, July 2014.
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Strategies to Address Head-On Crashes for US and MN Trunk Highways

The majority of fatal head-on crashes occur from drivers drifting or wandering into the opposing
lane. An effort should be made to increase the visibility and awareness of each driver's
respective lane. This includes:

Centerline Rumble Strips

Centerline Rumble Strips are indentations that are milled into the pavement near the center of
the two opposing lanes of travel. They provide immediate auditory and tactile lane departure
warning to the driver as the vehicle approaches and crosses the centerline. Centerline rumble
strips effectively reduce fatal and severe injury crashes by 30-50% (Torbic, et al. 2009. NCHRP
Report 641). Centerline Rumble Strips are one of the nine proven safety countermeasures
according to the Federal Highway Administration (FHWA). Centerline Rumble strips are a low
cost strategy; current construction costs are roughly $3,500 per mile. The noise caused by
vehicles that cross centerline rumbles can produce intermittent, unpleasant noise that can
impact residents proximal to centerline rumble strip installations. MNnDOT is currently working to
address this concern and is developing a rumble strip that produces less external noise.

6”-8” yellow lines in each direction

The typical pavement marking is 4” for the yellow centerline and the white edgeline. Widening
the pavement marking can help to provide increased delineation and guidance for drivers in
dark or adverse weather conditions. Recent studies have found a 10% or greater crash
reduction (Carlson et al, 2013). The cost on the wider lines is around $600 per mile. Wider
edgelines help drivers navigate the road, but provide no direct auditory or tactile feedback to
alert the driver.

4 Foot Centerline Buffers where allowable

The 4-Foot Buffer is a widened centerline that keeps opposing traffic 4 feet apart. This allows
high-speed vehicles some recovery space should they drift to the left. The buffer should contain
rumble strips, but is not required. The pavement top does not need to be widened, and this
typically only requires the redistribution of the pavement surface. Restriping and rumbles could
cost as little as $6,000 per mile. This could cost significantly more if shoulders need to be
reconstructed or reinforced to handle the lateral displacement of traffic. This strategy is still
relatively new and has not been widely deployed.

Due to the number of these head-on fatal crashes, consideration should be given to allow the
reallocation of pavement width (if wide enough) to create a buffer at the expense of decreasing
shoulder width. On higher volume highways, the shoulder, cross slopes, and clear zone offer
safe and forgiving roadsides. Drivers who drift off the road to the right have considerable
distance to slow down, recover, and stop while having little immediate danger. However, when
drifting to the left, drivers immediately face the danger of high-speed oncoming traffic with little
or no time to react. For the driver in the opposing lane, the crash often comes without warning
or time to veer to safety.
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On US and MN two-lane two-way Trunk Highways, 201 people have been killed in head-on

crashes from 2009-2013. Ninety-five have been killed in road departure crashes to the right or
left, 47 were to the right, 48 were to the left (MNCMAT, September 2014). Nearly 60% of these
run off the road fatalities occurred on highways with a traffic volume below 2,000 vehicles/ day.

These deaths emphasize the need to categorize highways based on the type of risk they
present to the drivers. On highways with an ADT less than 2,000 vehicles/day, designers should
engineer the roadside to be more forgiving and to alert drivers that they are departing the
roadway into danger (edgeline rumble strips).®

Once traffic volumes exceed 2,000 vehicles/day, safety strategies should focus on cross
centerline crash prevention and injury risk reduction.

Figure 5: US 212 in western Minnesota. This picture helps to highlight the risk of injury for a driver
departing the road to the right (low risk) versus departing into the opposing lane into an
oncoming vehicle (high risk)
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Source: MnDOT VideolLog 2013.

8 Just to note: it is likely that most highway agencies, including MnDOT, are doing a good job of
constructing and maintaining forgiving roadsides, especially for higher volume roads. However it still
appears that most roads are at risk for high severity road departure regardless of the traffic volume on the
road.
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Figure 6: A comparison of the percentage of US and MN two-lane two-way Highways by traffic
volume versus the percentage of fatal head-on crashes and the percentage of fatal road departure
crashes
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Figure 7: The number of each type of fatality versus traffic volume
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Centerline Rumble Strips’ Impact on Fatal Crashes

A review of the seven (7) fatal crashes related to a passing maneuver revealed that none of the
crashes occurred where centerline rumble strips were in place at the time of the crash. Most of
the fatal passing crashes (6 out of 7) occurred on highways with a traffic volume greater than
3,000 vehicles per day.

144 of the 159 fatal head-on crashes (91%) occurred where no centerline rumble strips were
present at the time of the crash. It is currently estimated that around 5-10% of Minnesota’s two
lane trunk highways have centerline rumble strips (CLRS). With the limited number of fatal
head-on crashes crossing centerline rumble strips and the low percentage of two-lane trunk
highways with centerline rumble strips, this metric does not show a strong connection either
way. However, when reviewing crash performance of roads with centerline rumble strips versus
those that do not have centerline rumble strips in place, a difference is noted. See Table 8.

Table 8: A comparison of segments with and without centerline rumble strips (2009-2013)
Description Crash Rate With CLRS Crash Rate Without CLRS Difference
All Fatal and Severe | 0.47 Severe Crashes/ 1.72 Severe Crashes/ 100 Million
Crash Rates 100 Million Vehicle Miles Vehicle Miles Traveled -72.7%
Traveled
All Crashes Rate 0.23 Crashes/ 1 Million Vehicle 0.38 Crashes/ 1 Million Vehicle Miles
; - 39.5%
Miles Traveled Traveled
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Benefit to Cost of Implementing Rumble Strips

Before recommending centerline rumbles on US and MN trunk highways, a benefit/cost ratio
should be calculated. It is important to note that this is using only fatal crashes (all crashes will
be calculated after).

This analysis supports the recommendation of centerline rumble strips being placed on all rural,
two-lane two-way US and MN trunk highways with an ADT above 2,000 vehicles/day. See the
Appendix A-D for more information.

Total Number of Miles: 3,769 miles

Cost per Mile: $3,500

Total Implementation Cost: $13,192,000

Total Number of Fatal Crashes (5 years): 128

Societal Cost per Fatal Crash: 2 x Injury Type A = $1,100,000
(http://www.dot.state.mn.us/planning/program/appendix_a.html)

Societal Cost of Target Fatal Crashes: $140,800,000
Life Expectancy of Centerline Rumble: 7 Years

Crash Reduction Factor: 45% (http://www.cmfclearinghouse.org/detail.cfm?facid=3360)

Societal Cost Savings: $140,080,000 X 7 years/5 years X 0.45 = $88,704,000

Total Benefit/Cost Ratio = 6.3 (Just on Fatal Crashes, adjusted for inflation)
Potential Fatal Crashes Prevented (7 years) = 80-81 fatal crashes (80-105 fatalities)
With All Crashes: B/C Ratio = 12.3 (See Appendix B for more details)

Even if the cost of centerline rumble strips increased in price, or they were not as effective as
stated, they would still provide benefits above the installation cost. (See Appendix C&D)
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Recommendations

Based on the high number of fatal crashes on US and MN two-lane two-way Trunk Highways, it
is recommended that highways with a traffic volume above 2,000 vehicles/ day should have
centerline rumble strips installed as soon as possible. Highways with lower traffic volumes could
also benefit from centerline rumble strips. Counties with similar highways should be following
these practices as well. Once all the centerline rumbles are installed, there is a potential to
prevent around 15 fatal crashes each year on just US and MN Trunk Highways. The societal
crash savings from the fatal crashes alone in one year would have the potential to cover the
$13.2 Million construction cost.

The reduced cost to society only considers the application of centerline rumble strips. The
addition of other traffic safety strategies (edgeline rumbles, intersection illumination, placing
chevrons on curves, etc.) could result in even greater reductions to societal costs due to
crashes. In addition, $13.2 Million is a high estimated project cost. When rumbles are added to
mill and overlay, rehabilitation, and reconstruction projects, the cost per mile is below $3,500
per mile. The 2014 MnDOT Construction Bids averaged $0.15 per linear foot for rumble strips,
or $1,600 per mile for centerline rumbles strips.

$13.2 Million constitutes a very small portion of MnDOT’s overall construction budget, which

often exceeds $1 Billion each year. Spread out over 5 years, the total cost would be less than
0.3% of the total construction budget per year.

20



Appendices

Appendices A: A Benefit/Cost ratio showing the reduction in fatal crashes only on two-lane two-way
US and MN Trunk Highways with a traffic volume greater than 2,000 vehicles per day. The crash data
is from 2009-2013.

State,
I I I P County, Study
Control | T.H./ Beginning Ending City or Period | Study Period
Section [Roadway Location Ref. Pt. Ref. Pt. Township [ Begins Ends
worksheet N
Statewide, US and MN Two Lane Highways, ADT>2,000 1/1/2009 | 12/31/2013
Description of
Proposed Work  |Centerline Rumbles on all US and MN Two Lane Highways, Fatal Crashes Only
Accident Diagram|1 Rear End 2 Sideswipe 3 Left Turn Main Line |5 Right Angle (4,7 Ran off Road [8,9 Head On/ 6,90, 99
Codes Same Direction Sideswipe -
g Opposite Direction
— j _f_ — —2— | Pedestrian | Other Total
MY (e [
E|F 128 128
g
z A
Study z
Period: | & | B
Number of [ &
Crashes | &= [C
s &
& O|PD
% Change E|F -45%
in Crashes
A
Pl B
*Use Crash
Modification.
Eactors c
Clearinghouse| 2 :-fa
8 E
£ 8|pD
=
E|F -57.60 -57.60
A
Change in Pl
Crashes B
= No. of C
crashes X |2 &
% change in ‘é’. g
crashes a O|PD
‘Year (Safety Improvement Construction) 2015
Study
Period: Annual
Type of | Change in | Change in |  Cost per Annual B/ C_ 634
Project Cost (exclude Right of Way) $ 13,192,000 | Crash | Crashes | Crashes Crash Benefit
Right of Way Costs (optional) $ - F -57.60 -11.52| $ 1,100,000 | $ 12,672,000 |Using present worth values,
Traffic Growth Factor 1% A $ 550,000 B= $ 83,700,791
Capital Recovery B $ 160,000 C= $ 13,192,000
See "Calculations" sheet for
1. Discount Rate 3.0% C $ 81,000 amortization.
2. Project Service Life (n) 7 PD $ 7,400
Total Office of Traffic, Safety and
$ 12,672,000 | Technology September 2014
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Appendices B: A Benefit/Cost ratio showing the effect of centerline rumble strips on all crashes on all
US and MN two-lane two-way Trunk Highways. The crash data is from 2009-2013.

State,
County, Study
Control | T.H./ Beginning Ending City or Period
Section | Roadway Location Ref. Pt. Ref. Pt. Township | Begins | Study Period Ends
worksheet N
Statewide, ALL US and MN Two Lane Highways 1/1/2009 12/31/2013
Description of Centerline Rumbles on all US and MN Two Lane Highways, All Crashes
Proposed Work
Accident Diagram|1 Rear End 2 Sideswipe 3 Left Turn Main Line 5Right Angle (4,7 Ran off Road |8, 9 Head On/ 6, 90, 99
Codes Same Direction Sideswipe -
s Opposite Direction
__>_>‘ j _f_ } — || —<2— | Pedestrian| Other Total
_& | ——
=
& | E 159 159
s |Aa 147 147
Study | 2
Period: | & | B 429 429
Numberof | 2
Crashes o © 518 518
55
£ 8|pD 1461 1461
% Change E|E -45%
in Crashes
A -45%
Plls -45%
*Use Crash
Modification
Factors € -45%
Clearinghouse| 2 :-fs
2 £
£ 8[prp -10%
ElF -71.55 -71.55
A -66.15 -66.15
Change in Pl
Crashes B -193.05 -193.05
= No. of C -233.10 -233.10
crashes X [ 2> &
%changein | & g
crashes a O(PD -146.10 -146.10
Year (Safety Improvement Construction) 2015
Study
Period: Annual _
Type of | Change in | Change in Cost per Annual B/ C_ 688
Project Cost (exclude Right of Way) $ 30,541,000 | Crash | Crashes | Crashes Crash Benefit
Right of Way Costs (optional) $ - F -71.55 -14.31| $ 1,100,000 | $ 15,741,000 |Using present worth values,
Traffic Growth Factor 1% A -66.15 113.23|$ 550,000 | $ 7,276,500 B=$ 210,230,631
Capital Recovery B -193.05 -38.61|$ 160,000 | $ 6,177,600 C=3% 30,541,000
1. Discount Rate 4.5% C -233.10 -46.62| $ 81,000 | $ 3,776,220 |See "Calculations" sheet for amortization.
2. Project Service Life (n) 7 PD -146.10 -29.22| $ 7400 |$ 216,228
Total Office of Traffic, Safety and Technology
$ 33,187,548 |September 2014
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Appendices C: A Benefit/Cost ratio showing the effect of centerline rumble strips on all crashes on all
US and MN two-lane two-way Trunk Highways and if centerline rumbles (or an equally effective
treatment) costs significantly more than the current planning level cost. This would mean centerline
rumbles costing $12,000 per mile. The B/C is still above 2. The crash data is from 2009-2013.

State,
I I I P County, Study
Control | T.H./ Beginning Ending City or Period
Section | Roadway Location Ref. Pt. Ref. Pt. Township | Begins | Study Period Ends
worksheet )
Statewide, ALL US and MN Two Lane Highways 1/1/2009 12/31/2013
Description of Centerline Rumbles on all US and MN Two Lane Highways, All Crashes, if centerline rumbles cost $12,000 per mile
Proposed Work
Accident Diagram|1 Rear End 2 Sideswipe 3 Left Turn Main Line |5 Right Angle |4,7 Ran off Road |8,9 Head On/ 6,90, 99
Codes! Same Direction Sideswipe -
P | Opposite Direction
— j F_ — || —<2— | Pedestrian| Other Total
4 R | —r—
T
E|F 159 159
gg A 147 147
Study | 2
Period: | & | B 429 429
Number of | 2
Crashes o C 518 518
>
58
S5
& O|PD 1461 1461
=
% Change | € | F -45%
in Crashes
A -45%
Plls -45%
*Use Crash.
Modification
Factors c -45%
Clearinghouse| & “é,
8 £
£ 8[prp -10%
g |F -71.55 -71.55
A -66.15 -66.15
Change in Pl
Crashes B -193.05 -193.05
= No. of © -233.10 -233.10
crashes X | 2 &,
- |5 8
% change in S E
crashes |[&£ O|PD -146.10 -146.10
'Year (Safety Improvement Construction) 2015
Study
Period: Annual _
Type of | Change in | Change in Cost per Annual B/ C_ 201
Project Cost (exclude Right of Way) $ 104,712,000 | Crash | Crashes | Crashes Crash Benefit
Right of Way Costs (optional) $ - F -71.55 -14.31| $ 1,100,000 | $ 15,741,000 |Using present worth values,
Traffic Growth Factor 1% A -66.15 -13.23|'$ 550,000 | $ 7,276,500 B=$ 210,230,631
Capital Recovery B -193.05 -38.61|$ 160,000 | $ 6,177,600 C=3 104’712’000
1. Discount Rate 4.5% C -233.10 -46.62| $ 81,000 | $ 3,776,220 |See "Calculations" sheet for amortization.
2. Project Service Life (n) 7 PD -146.10 -29.22| $ 7,400 [$ 216,228
Total Office of Traffic, Safety and Technology
$ 33,187,548 |September 2014
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Appendices D: A Benefit/Cost (B/C) ratio showing the effect of centerline rumble strips on all crashes
on US and MN two-lane two-way Trunk Highways and if centerline rumbles were not as effective as
claimed by present research. If centerline rumbles had only a 15% injury crash reduction and 10%
property damage crash reduction, the B/C is still above 2. The crash data is from 2009-2013.

State,
I I I P County, Study
Control | T.H./ Beginning Ending City or Period
Section | Roadway Location Ref. Pt. Ref. Pt. Township [ Begins | Study Period Ends
worksheet N
Statewide, ALL US and MN Two Lane Highways 1/1/2009 12/31/2013
Description of Centerline Rumbles on all US and MN Two Lane Highways, All Crashes, and if centerline rumbles only had a 15% injury crash reduction
Proposed Work  |and a 3.3% property damage crash reduction. (1/3rd as effective)
Accident Diagram|1 Rear End 2 Sideswipe 3 Left Turn Main Line 5Right Angle [4,7 Ran off Road |8, 9 Head On/ 6, 90, 99
Codes Same Direction Sideswipe -
« Opposite Direction
— j _f_ I —<2— | Pedestrian | Other Total
4 R | ——
=
N 159 159
T
= 147 147
Study z
Period: K| 429 429
Number of |
Crashes | = 518 518
25
g £
o «©
£ 8|pD 1461 1461
=
% Change | & -15%
in Crashes
-15%
Pl -15%
*Use Crash
Modification
Eactors -15%
Clearinghouse| & %
g £
£ 8|pp -3%
=
& -23.85 -23.85
-22.05 -22.05
Change in Pl
Crashes -64.35 -64.35
= No. of -77.70 -77.70
crashes X |2 &
. o I
% change in s £
crashes £ O|PD -48.65 -48.65
Year (Safety Improvement Construction) 2015
Study
Period: Annual
Type of | Change in | Change in Cost per Annual B/ C_ 229
Project Cost (exclude Right of Way) $ 30,541,000 | Crash | Crashes | Crashes Crash Benefit
Right of Way Costs (optional) $ F -23.85 -4.77($ 1,100,000 | $ 5,247,000 |Using present worth values,
Traffic Growth Factor 1% A -22.05 -4.411$ 550,000 | $ 2,425,500 B= % 70,076,420
Capital Recovery B -64.35 -12.87[$ 160,000 | $ 2,059,200 C= $ 30'541’000
1. Discount Rate 4.5% C -77.70 -15.54| $ 81,000 | $ 1,258,740 [See "Calculations" sheet for amortization.
2. Project Service Life (n) 7 PD -48.65 -9.73[ $ 7,400 | $ 72,004
Total Office of Traffic, Safety and Technology
$ 11,062,444 |September 2014
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Appendices E: An example of the crash report form used in Minnesota.
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Appendices F: Fatal Head-On / Run-off-Road Analysis

2009-2013 Trunk Highway Crashes
1. Logistic Regression

Logistic regression is performed to understand the likelihood of an event occurring given a
defined environment. In this case, we are looking at the probability of a run-off-road crash
among fatal lane departure crashes.

The model coefficients are estimates for the impact on the odds ratio. If the odds ratio is greater
than 1, then run-off-roads are more likely than head-ons.

2. Model Estimates

Variable Coefficient  Std. Error  Significance
[Constant] 8.053 .099 .000
Log ADT -1.053 744 .000

Despite the relatively simple model, this correctly classifies 77% of all fatal lane departure
crashes by volume alone! As ADT increases, Log ADT increases. This in turn leads to a 65%
decrease in the odds of a run-off-road crash given a fatal lane departure crash has occurred.*

100%
Head-On
2,095 ADT

80% -
2 0% -
2
‘S Logit(p) = 8.053 - 1.053 x log(1+ADT)
3
e 40% -
o

20% -

Run-off-Road
O% T T T T T T 1

0 2,000 4,000 6,000 8,000 10,000 12,000
Volume (ADT)

4 To get this, you take the 1 minus the exponential of the coefficient, i.e. 1— EXP(-1.053 ) = 65%.
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3. Comparison of Lane Departure to Volume

Using the derived model, there is a natural break-point where it is equally likely that a fatal lane
departure will be head-on or run-off-road. This occurs at 2,095 vehicles.

Fatal lane departure crashes

Run-off- Lane
ADT Range Head-Ons Roads Departures
0to 2,095 73 21% 272 79% 345
2,096 to 178 73% 66 27% 244

When roadway volume ranges from zero to 2,095, there are 3.7 times more RUN-OFF-ROAD
fatal crashes than head-on; for roads over 2,095, there are 2.7 times more HEAD-ONs than run-
off-road fatal crashes.
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