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EXECUTIVE SUMMARY

Paved shoulders have a number of advantages on interstate and rural routes.
They provide additional maneuvering area to drivers, stabilize the roadway,
facilitate drainage, reduce the incidence of shoulder drop-off, provide a paved shy
line offset to longitudinal barriers, and provide truck trailer tracking room at
Horizontal curves. These quantities result in lower maintenance costs and
increased traffic safety. The benefits of shoulder installation are achieved at an
increased construction cost and the presence of the shoulder itself incurs a
maintenance cost. On high service facilities full Width shoulders have the added
benefits of serving as a refuge area for inoperable vehicles and as an access area
for emergency vehicles during bottleneck conditions. The last two benefits of
shoulders do not really provide a cost effective return on investment for relatively
low volume, two lane rural roadways. Since a full width shoulder is hot required on
low volume roadways there is a question as to what width of éhoulder will prdvide
the remaining benefits while minimizing shoulder construction and maintenance

costs.

The safety benefits of shoulder installation are influenced by a large number of
factors that vary from section to section and between year-to-year for the same
section. A literature review indicates that prior studies provide conflicting results
from evaluating the relationship between shoulder width and traffic safety. The
purpose of this study was to determine the incremental safety and cost benefits

that may exist between two-foot paved shoulders and four-foot paved shoulders



installed on rural, two-lane State roadways. The study included data from two
Alabama Department of Transportation (ALDOT) Divisions, on 263 linear miles of
two-foot shoulders, and 404 linear miles of four-foot shoulders. Construction costs
and (when possible) crash data for three years before and three years after
construction were obtained for each of the 59 segments analyzed in the study.

The incremental safety evaluation analyzed a total of 1,763 crashes. The ALDOT
Divisions included in this study did not record maintenance costs by roadway
segment and there was no way to discern the difference in maintenance costs
between various shoulder widths. An analysis of maintenance costs was not,

therefore, included in the study.

The following conclusions and recommendations result from the analysis of two

and four foot shoulder installations on Alabama State routes.

e Shoulders are installed on State to reduce maintenance costs resulting from
soil erosion at the roadway edge and to increase traffic safety. Roadway
shoulders increase traffic safety by providing extra maneuvering room and
recovery area from the edge of pavement. The decision on whether to install

either two or four foot shoulders resides within each ALDOT Division.

e Data analyzed for this project included 20 two-foot shoulder projects
comprising over 263 linear miles; and 37 four-foot shoulder projects

comprising over 404 linear miles.



When possible three years of before and three years of after crash data were
used to obtain annual averages. A total of 864 two-foot and 899 four-foot

crashes spanning a range of eight years were included in the analysis.

The study could not discern any statistically significant differences in either

crash rate or severity rate between two and four-foot shoulder installations.

It was not possible to evaluate the differences in maintenance costs between
two-foot and four foot shoulders. There is a possibility that these costs may
differ and could affect the life cycle costs. If it is considered that
maintenance costs are substantially different between two and four foot
shoulders then the ALDOT Divisions should track the costs for a subset of

roadway segments.

The two and four-foot shoulder projects used in this study were of similar

construction and did not enable an analysis of texturized shoulders.

Construction costs of four-foot shoulders are substantially larger than the
construction costs of two-foot shoulder projects. The increased cost is not
justified by savings; in either the crash rate or severity rate. Unless the
maintenance cost for the four foot shoulders is substantially less than two

foot shoulders, and other perceived benefits exist, such as increased



maneuverability at intersections and increased refuge area, then the
increased construction cost of four foot shoulders on State routes is not

justified.
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1. INTRODUCTION

Paved shoulders have a number of advantages on interstate and rural routes.

| They provide additional maneuvering area to drivers, stabilize the roadway, facilitate
drainage, reduce the incidence of shoulder drop-off, provide a paved shy line offset
to longitudinal barriers, and provide truck trailer tracking room at horizontal curves.
These quantities result in lower maintenance costs and increased traffic safety.

The benefits of shoulder installation, however, are achieved at an increased
construction cost and a difference in maintenance cost. On high service facilities
full width shoulders have the add benefits of serving as a refuge area for inoperable
vehicles and as an access area for emergency vehicles during bottleneck conditions.
The last two benefits of shoulders do not really provide a cost effective return on
investment for relatively low volume, two lane rural roadways. Since a full width
shoulder is not required on low volume roadways there is a question of what width
of shoulde; will provide the remaining benefits while minimizing shoulder

construction and maintenance costs.

Th.e safety benefits of shoulder installation are i.nﬂuencedvby a large number of
factors that vary from section to section and between different years for the same
section. Different studies aimed at evaluating the relationship between shoulder
width and traffic safety have provided inconsistent findings. The purpose of this
study was to determine the incremental safety and cost benefits that may exist
between, two foot paved shoulders, and four foot paved shoulders installed on

rural, two lane State roadways. The study included data from two Alabama



Department of Transportation (ALDOT) Divisions, on 263 linear miles of two foot
shoulders, and 404 linear miles of four foot shoulders. Construction, and when
possible, crash data for three years before and three years after construction costs
were obtained for each of the 59 segments analyzed in the study. The incremental
safety evaluation analyzed a total of 1,763 crashes. The ALDOT Divisions included
in this study did not record maintenance costs by roadway segment and there was
no way to discern the difference in maintenance costs between various shoulder
widths. An analysis of maintenance costs was not, therefore, included in the

study.



2. LITERATURE REVIEW

Prior studies designed to investigate the relationship between shoulder width
and traffic safety frequently resulted in inconsistent findings and contradictory
conclusions. Examples of these contradictions and a topic summary of the relevant

literature are provided below.
Premise: Shoulder width increases traffic crashes

Belmont studied 1300 crashes on 533 miles of tWo-Iane tangents, and
determined that wider shoulder width increased crash occurrences. [1] Crash rates
were significantly lower with 6-foot wide paved shoulders than with wider paved
shoulders for ADTs greater than 5000. Blensley and Head analyzed 346 miles of
two-lane tangents, and identified an increase in both total and property damage
only (PDO) crashes as the shoulder width increased for all ADT ranges. [2] An
equation developed by Belmont relating injury crashes to shoulder widths on level
and tangent two-lane highways in California indicate that wider shoulders are

associated with higher injury crash rates. [3]
Premise: Shoulder width has no significant effect on traffic safety.

Perkins studied over 16,000 crashes in Connecticut; and Head and Kaestner
studied 344 miles of highway sections with gravel shoulders in Oregon. [4, 5]
Both studies found the relation between accident frequency and shoulder width to

be insignificant. Gupta and Jain evaluated five years of crash data on two-lane



highways in Connecticut and did not identify any correlation between the roadway

width (combined lane and shoulder) and crash occurrence. [6]

In a 1978 study, Jorgensen merged databases of two-lane highways from three
States: Maryland, New York and Washington, and grouped them in four ADT
ranges of: less than 1,000, 1,000 to 2,500, 2,500 to 5,000 and greater than
5,000 vpd. [7] Shoulder width was determined to‘have a minor effect on crash

frequency.
Premise: Shoulder width reduces traffic crashes.

A number of studies relate reduction in crash rates to increased shoulder width.
Head and Kaestner studied two-lane highways with gravel shoulders in Oregon, and
Stohner analyzed over 9000 crashes on 8746 miles of two-lane highways in New
York State. [5, 8] Both studies determined that the crash rate decreases with
increasing shoulder width. Telford and Helwer arrived at similar conclusions. [9]
Turner related the percent reduction in crashes to incremental increases in bridge
shoulder widths on rural two-lane highways. [10] Table 1 presents a summary of

these findings.

Table 1 - Percent crash reductions on bridge shoulders [10]

E:fourf(\a/\r/ic\;\g:it:g Shoulder width after widening (per side), ft

(per side), ft 2 3 4 5 6 7 8
0 23 42 57 0 78 83 85
1 25 45 60 72 78 - 80
2 27 47 62 71 74
3 8 4 60 64
4 28 44 50




Zegeer et al analyzed 1,944 roadway sections covering 4,951 miles of two-lane
highways in seven states. [11, 12] Rather than working with the total number of
crashes, Zegeer studied the relation between shoulder width and “related
accidents”, which were defined as the types of crashes that are affected by
shoulder width improvements. These included fixed object, rollover, and run off the
road types of single vehicle crashes, and head-on and sideswipe types of multiple
vehicle crashes (same and opposite direction). Zegeer determined that increasing
the shoulder width for both paved and unpaved shoulders resulted in crash

decreases, as summarized in Table 2.

Table 2 - Percent crash reductions on rural two-lane highways [11, 12]

Additional Shoulder .
Widening (per side), t % Crash Reduction
Paved Shoulder Unpaved Shoulder
2 16 13
4 29 25
6 40 35
8 49 43

Similar findings were reported by Cope, who evaluated 240 miles of two-lane
highways that were widened from 18 to 22 feet. [13] Cope indicated that the
reduction in crash rate was more substantial with higher ADT’s. A summary of

these findings is presented in table 3.

Premise: Shoulder width has a mixed effect on traffic safety.

Belmont studied 533 miles of two-lane highways in California, and concluded

that six-foot wide shoulders were safer than narrower shoulders for similar ADT



ranges, and safer than wider shoulders for ADT’s of 5,000 vpd or more. [14] In
another study Belmont, noted a tendency for injury crashes to increase when

paved shoulders were present and ADT’s were greater than 2,000 vpd. [3]

Table 3 — Percent crash reductions on two-lane highways. [13]

Original traffic Original % Crash

Volume (vph) Crash rate Reduction
2170 < 1.5 21.5
2284 1.5-1.9 25.2
2700 20-2.4 34.4
3006 2.5 and up 46.6

Rinde evaluated 37 pavement widening projects totaling 143 miles of two-lane
highways in California, and reported reductions of over 50% in head-on crashes for
an ADT range of 5,000 vpd or less, 27 to 53 % in fixed object crashes for an ADT
range of 5,000 or less, and 41% in rollover crashes for all ADT’s. [15] However,
the same study found an increase in sideswipe crashes for an ADT range of 3,000
or less. These findings contradict a 1966 study by Jorgensen that reported the
total number of crashes to increase and the number of injuries to decrease with

increased shoulder width. [16]

Rogness et al evaluated two years of crash history on 214 miles of two-lane
highways in Texas. [17] They determined that reductions in single-vehicle crashes
were significant at lower ADT levels and non-existent at higher ADT levels.
Reductions in run-off-the-road and fixed object crashes were reported at 55% for

an ADT range of 1,000 to 3,000, 21.4% for 3,000 to 5,000 vpd, and at 0% for




5,000 to 7,000 vpd. Total crash reductions were determined at 27% for 1,000 to

3,000 vpd, 12.5% for 3,000 to 5,000 vpd, and 17.6% for 5,000 to 7,000 vpd.

Zegeer et al estimated the expected impact of various combinations of lane,
width, shoulder width, and terrain on accidents. [18] It was concluded that
shoulders three or more wide feet on roadways with 11- and 12-foot wide lanes;
and shoulders of four or more feet wide on roadways with 10-foot wide lanes
resulted in safety benefits. Table 4 presents a summary of these findings.

Table 4 — Related accident rate and annual cost [18]

Related accident rate / MVM Annual related accident cost,
$/mile/100 vpd
Lane/Shoulder | Level | Rolling | Mountainous | Level | Rolling | Mountainous
width, ft terrain | terrain terrain terrain | terrain terrain
10/5 1.3 1.43 1.88 2,820 | 3,120 4,120
10/2 2.28 2.41 2.86 4,980 | 5,280 6,240
11/4 1.18 1.31 1.76 2,584 | 2,880 3,840
11/2 1.74 1.87 2.32 3,840 | 4,080 5,100
12/4 1.18 1.31 1.76 2,584 | 2,880 3,840
12/2 1.74 1.87 2.32 3,840 | 4,080 5,100

Premise: Shoulder Use and function vary by width.

Functions of highway shoulders corresponding to their minimum widths have
been summarized by Downs and Wallace. [19] This summary includes the use of

shoulders 10 feet or more in width, and is presented in table 5.

Curren reported that experiences in Maryland, Virginia and California indicate

that full size shoulders can be used effectively to increase capacity and reduce



congestion during peak hours along urban corridors. [20] US Route 29 in
Montgomery County, Maryland, permits the shoulders to be used as high
occupancy vehicle (transit bus) lanes during peak hours. In a nationwide survey
Rowan found that four States permit slower traffic to use the shoulders for passing

maneuvers. [21]

Table 5 - Minimum shoulder widths/functional utility association

Shoulder .
X Shoulder Functions
Width, ft
2 Drains pavement, supplies lateral support, provides for off-tracking
on sharp curves
4 Same as 2, plus accommodates space for pedestrian and bicycle
traffic
6 Same as 4, plus accommodates emergency stopbing, mail/package
delivery, emergency vehicle passing, routine maintenance (lower
class facilities)
8 Same as 6, plus accommodates slow vehicles, stopped vehicles
and routine maintenance
10 or | Can improve capacity and relieve peak hour congestion by
converting to a temporary travel lane or an HOV/bus lane. It can
greater | glso allow for temporary shifting of traffic during construction
phasing.

Bergsman and Shufflebarger used 14 closed circuit television cameras to cover
a 3.2-mile section of urban freeway (John C. Lodge) in Detroit, Michigan. [22]
They reported an average of 4.5 uses per hour and one use-per 3800 vehicle-miles

of an 8-ft shoulder for vehicle breakdown and emergency purposes.



Topic: Shoulder minimum width standards and safety.

AASHTO provides guidelines, table 6, for minimum shoulder widths for rural

arterials, collectors and local roads. [23] AASHTO criteria recommend paved

shoulders for higher class (high volume) highways, but allows unpaved shoulders

on lower class (low volume) roadways.

Table 6 - Minimum width of graded shoulder (per side), ft. [23]

ADT DHV
< 250 | 250-400 | > 400 | 100-200 | 200-400 | > 400

vpd vpd vpd vph vph vph

Rural 4 4 6 6 8 8
Arterial

Rural 22 2° 4 6 8 8
Collector

Rural Local 2 2 4 6 6 8

a. Minimum width = 4 feet if roadside barrier is used.
Source: AASHTO, 1990. Geometric Design of Highways and Streets (pages
426,474 & 499)

A study by Loutzenheizer recommended a minimum shoulder width of 4 feet
and a desirable width of 6 to 8 feet on low volume and/or low speed highways.
[21] Minimum and desirable widths of 8 and 10 feet, respectively, are
recommended on high speed highways where traffic is primarily composed of
passenger car traffic; and 10 and 12 feet on freeways and high speed highways

where truck traffic is present.

Minimum usable shoulder widths required to have a significant effect on crash

rates were correlated to lane widths by Zegeer.[18] The study findings are

I



10

summarized in table 7, indicate that shoulders of smaller width are effective in
decreasing crash rates as the lane width increases.

Table 7 - Shoulder width effect on crash rates [18]

Lane Width, ft Shoulder Width, ft
8,9 Less clear
10 ' 5 or more
11,12 3 or more

Topic: Highway curvature-shoulder width relation.

To address the relation between roadway curvature and shoulder need, Billion
and Stohner separated rural New York highway sections according to curve and
grade. They determined that sections with curves and/or grades exberience higher
crash rates than tangent sections on level grade. They also found that sections with
wider shoulders had much lower crash rates than sections with narrow shoulders.
Zegeer et al derived expected redﬁctions in total number of crashes that are
associated with wider shoulders and increased roadside clearance from reductions
found on two-lane rural roads. [25, 26] Such roadside improvements to increase
the roadside recovery distance on horizontal curves included tree removal, use of
traversable drainage structures, and relocation of utility poles and other obstacles

further from the edge of travel way.

Tables 8 and 9 present the percent reduction in curve-related crashes along
horizontal curves that is associated with the magnitude of shoulder widening and

roadside recovery distance.



Topic: Shoulder construction costs.

Zegeer and Mayes, computed shoulder widening costs based on a large
number of statewide construction projects in Kentucky. [27] In 1976 dollars, they

found the average cost of 2-foot widening to be $38,000/mile, and that of 6-foot

widening to be about $90,000/mile.

Brown and Banks recommended the use of total benefit analysis in the

selection of alternatives. [28] This involves comparing the dollar value of the crash

reduction

Table 8 — Percent crash reduction on horizontal curves. [25, 26]

Widening Paved Shoulder Unpaved Shoulder
(per side), ft
1 4 3
2 8 7
3 12 10
4 15 13
5 19 16
6 21 18
7 25 21
8 28 24
9 31 26
10 33 29
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Table 9 - Percent crash reduction from increased roadside recovery distance. [25,

26]
Increased Roadside Recovery % Reduction in Total Curve Crashes
Distance, ft
5 9
8 14
10 17
12 19
15 23
20 29

Brown and Banks recommended the use of total benefit analysis in the
selection of alternatives. [28] This involves comparing the dollar value of the crash
reduction effects of an alternative against the increase in implementation costs.
The authors applied the total benefit analysis to a section of roadway in Alabama;
as presented in table 10. The marginal construction cost, of table10, refers to the
additional construction expenditure resulting from the implementation of the next
alternative; and the marginal safety benefit refers to the reduction in crash cost
when the corresponding construction expenditure is made. Only those alternatives
whose cumulative reduced crash costs exceed the cumulative increased
construction costs should be implemented. This table shows that for an additional
$9,000 of expenditure from the minimum cost of $2,336,900, an additional
$2,100 of safety benefits can be realized. It also shows that if an additional
amount of $7,000 is expended for the next alternative, an equal value of additional
benefit ($7,000) can be expected. However, the cumulative additional construction

cost is $16,000 for a total reduced accident costs of only $9,100.



Table 10 - Cost/benefit data for alternatives. [28]

13

Alternative Marginal Reduced Cumulative Cumulative
Total Construction Accident Increased Reduced
Construction Costs($1000s) | Costs ($1000s) Construction Accident
Costs ($1000s) Costs ($1000s) Costs
($1000s)
2366.9 Minimum cost to construct roadway section
2375.9 9.0 2.1 9.0 2.1
2382.9 7.0 7.0 16.0 9.1
2391.9 9.0 1.6 25.0 10.7
2447.9 56.0 5.3 81.0 16.0
2463.9 16.0 8.5 97.0 24,5
2510.8 46.9 43.5 143.9 68.0
2519.8 9.0 1.6 152.9 69.6
2527 1 7.3 3.3 160.2 72.9
2536.1 9.0 1.2 169.2 74.1
2591.8 55.7 5.3 224.9 79.4
2608.1 16.3 4.5 241.2 83.9
2657.9 49.8 20.4 291.0 104.3
2666.9 9.0 1.2 300.0 105.5
2674.4 7.5 2.4 307.5 107.9
2683.4 9.0 1.2 316.5 109.1
2738.9 55.5 4.2 372.0 113.3
2755.4 16.5 3.6 388.5 116.9
2805.9 50.5 14.5 439.0 131.4
2814.9 9.0 1.2 448.0 132.6
2831.1 16.2 0.6 464.2 133.2
2886.9 55.8 7.1 520.0 . 140.3
2903.1 16.2 0.6 536.2 140.9
3033.4 130.3 4.0 666.5 144.9

Topic: Crash prediction modeling.

To predict crash rate based on shoulder width, Zegeer developed the following

model based on previous studies on California and Texas two-lane highways. [11]

AR = 4.1501 (0.8907)" (0.9562)° (1.0026)*° (0.9403)" (1.0040)*"

R = No. of run-off-road and opposite direction crashes/MVM

= Lane width, feet

A
S = Shoulder width, feet
L
P

= width of stabilized component of shoulder
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Hadi et al used negative binomial regression analysis to estimate the effects of
.cross-section design elements on crash rates for various types of highways using
Florida DOT data. [29] They determined that increased shoulder width resulted in
reduced crash rates on six-lane urban freeways and two-lane urban highways, but

had an insignificant effect on crash rates on two-lane rural highway.
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3. DATA COLLECTION

Data relating to shoulder construction were requested from the 8" and 9
Divisions of the Alabama Department of Transportation (ALDOT). Requested data
included shoulder location by width, construction costs, and construction project
beginning and completion dates. The 8™ Division is comprised of Choctaw, Clarke,
Marengo, Monroe, Sumter, Washington, and Wilcox Counties, and the 9'™ Division
is comprised of Baldwin, Conecuh, Escambia and Mobile Counties. Data types and
means of data storage and retrieval were found to be dissimilar between the two
Divisions. All State routes within these two divisions that have undergone shoulder
improvements from 1989 1997, were included in the search. A total of 69
projects were identified, of which 39 projects were found in the 8" Division and 30

projects in the 9™ Division.
ALDOT 8™ Division Data

The ALDOT 8™ Division, Office of the Division Engineer, in Grove Hill, Alabama,

was visited on September 2™ and 3", 1997. The following data, analysis steps and

observations apply.

¢ The location of shoulder construction projects; identifying State routes and type
of shoulder upgrades were placed on county maps.

e The “Roadway Surface Inquiry” computerized database provided a “project
code” for each construction project. The database provided little direct
information on the projects, but the project code identified where the

construction plans and records were filed.
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e Construction plans and specification documents for each project were kept in
cardboard boxes stored in the attic of the division office. The plans and
specifications were used to obtain details of the shoulder types (paved or
unpaved) shoulder widths, and limits of construction.

e The bid documents provided information on the construction bid price and
duration of each project. The documents included a detailed cost breakdown
that allowed the distinction between shoulder projects that involved new
shoulder paving and other projects that included resurfacing of the whole
roadway surface in addition to new shoulder paving.

e The majority of the shoulders constructed in the 8" Division on State routes are
four feet wide.

e There were 39 four-foot shoulder projects; grouped into four distinct categories:

® Construction of new unpaved shoulders.

* Construction of new paved shoulders.

Grinding and resurfacing of existing shoulders.

Construction of new paved shoulders with resurfacing of whole roadway.

ALDOT 9" Division Data

The ALDOT 9™ Division, Office of the Division Engineer, in Mobile, Alabama visited
on March 23" through March 26", 1998. The following data, analysis steps, and
observations apply.

e Shoulder construction projects were identified in Mobile, Baldwin, Escambia, and

Conecuh counties:
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No files of individual projects were available, and no computerized databases or
records of the construction projects were available in the 9" Division.

The construction plans for shoulder widening projects provided details on
shoulder widths and construction limits.

No as-built plans were available to reflect changes in the actual construction
work from the original design. Thus, the design plans were considered to reflect
the actual field conditions.

The project number from the construction plans was used to locate the project
construction log. This log contained a record of all projects, but only a single line
item per project.

Details of each project contained in the construction log included the contract
amount, project duration, beginning date, suspension time (if any), and
estimated and actual completion dates.

Bidding documents were not retained, and therefore, cost breakdown was not
available. As a result, information on whether any of these projects included
resurfacing of the whole roadway in addition to the new shoulder construction
was not recorded. An informed decision was made on which projects included
resurfacing for the purpose of performing cost analysis by consulting with
Division personnel.

Field visits to projects in all four counties were conducted to confirm

construction log data.
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All curved highway sections were driven at the posted speed limit to assess
proper signing and pavement marking photos of all horizontal curved approaches
and departures were obtained.

The majority of the shoulders constructed were two feet wide.

The shoulder projects of the 9™ Division totaled 30 projects, of which 24
projects involved new two-foot shoulder paving, 5 projects involved four-foot
shoulder paving, and 1 project involved eight-foot shoulder paving. The eight-

foot shoulder paving project was not considered in this study.
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4. CONSTRUCTION COST ANALYSIS

The construction cost data for two-foot and four-foot shoulders contained new
shoulder paving and new shoulder paving plus roadway resurfacing. The four-foot
shoulder data was primarily from the 8" Division of ALDOT, while the two-foot
shoulder data was primarily from the 9" Division. Appendix A presents details of

the shoulder projects data collected from the 8" and 9™ Divisions.

Four-Foot Shoulder Projects

Table 11 summarizes the four-foot shoulder construction cost data obtained for 30
of the total number of 39 projects in the 8" Division. No cost information on the
remaining 9 projects was available. The two categories of four-foot shoulder data
considered for the cost analysis were: 1) the “construction of new paved
shoulders,” which includes 17 of the 30 projects; and, 2) the “construction of new
paved shoulders with resurfacing of whole roadway”, which includes 10 projects.
Figures 1 and 2 present the shoulder cost histograms of these two categories,
respectively. The other two categories, the “construction of new unpaved
shoulders” and the “grinding and resurfacing of existing shoulders” which account
for the remaining 3 projects were not included in the cosf analysis.

The average four foot shoulder construction cost was $30,982, for the “new-
shoulder only” and $98,445, for “new-shoulder with resurfacing” érojects, with
standard deviations of $5,831 and $20,390, respectively. The‘descriptive statistics

of these two shoulder categories are presented in table 12.
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No. of projects in Range

No. of Projects in Range

20-24 K
24-28 K
28-32K
32-36 K
36-40 K

>40 K

Cost Range (K=1000), $/mile

Figure 1 - Eighth Division four foot shoulder only unit costs

60-75 K
75-90 K
90-1056 K
>120K

X
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2

Cost Range (KK=1000), $/mile

Figure 2 - Eighth Division four foot shoulder with resurfacing unit costs
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Table 12 - Statistical summaries of four foot paved shoulder costs (8™ Division

Data)
Statistic 4-ft. Paved Shoulders, | 4-ft. Paved Shoulders +
$/mile Resurfacing, $/mile
Mean 30,982 98,445
Median 32,168 106,598
Standard Deviation 5,831 20,390
Range 21,789 60,425
Minimum 21,338 60,886
Maximum 43,127 121,311
Count 17 10

Two-foot shoulder projects

The two-foot shoulder data obtained from the 9™ Division are summarized in
table 13. Available documentation at the 9th Division did not offer a distinction
between “new shoulder only” and “new shoulder with resurfacing” projects. To
enable cost analysis, “shoulder only” projects were separated from “shoulder-with-
resurfacing” projects. Figure 3 is a histogram éf the per-mile unit cost data for the
9™ Division two-foot shoulder projects.

The shoulder-only projects are clustered within the $10,000 to $30,000
range. The shoulder with resurfacing projects are scattered from $45,000 to
$115,000. The larger variability of the resurfacing projects can be attributed to the
contingencies associated with the variable roadway width and number of lanes to
be resurfaced. Based on the cost separation of the data, 17 projects were
considered shoulder-only projects while the remaining 7 were classified as
shoulder-with-resurfacing projects. The mean per-mile unit costs of the new two-

foot shoulders with and without resurfacing were found to be $17,158 and



$80,260, with standard deviations of $5,453 and $23,978, respectively. The

descriptive statistics of these two categories are presented in table 14.
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Figure 3 — Unit cost ($/mile) of two foot shoulder projects in the 9™ Division
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Table 14. Statistical Summary of 9™ Division data of two foot paved shoulder

costs
Statistic Paved Shoulders, Paved Shoulders + Resurfacing,
$/mile $/mile

Mean 17,158 80,260
Median 15,038 82,207
Standard Deviation 5,453 23,978
Range 18,318 63,152
Minimum 9,475 48,769
Maximum 27,793 111,921
Count 17 7

A summary of the average per mile cost for two and four foot shoulder installation

with the percent change between them is presented as table 15. There is a huge

increase in the costs associated four foot versus two foot shoulder installations.

The increase in cost can be attributed to the additional fill and side slope work

required; in addition to the materials for the actual shoulder construction.

Table 15 - Summary of cost per mile for two and four foot shoulder projects.

2-ft Shoulder Projects

4-ft Shoulder Projects

Percent change

From 2-ft
Shoulder | Shoulder & | Shoulder | Shoulder & | Shoulders | Shoulder &
only Resurfacing only Resurfacing only Resurfacing
Mean | $17,158 | $80,260 | $66,947 | 98,445 +29 +23%
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SAFETY EFFECTIVENESS EVALUATION

The safety effectiveness evaluation of shoulder width was conducted by the

following steps.
Determine analysis variables

The effectiveness evaluation was performed by analyzing both accident rate
and frequency when appropriate. Accident rate analysis provides an insight related
to the probability of a crash. For example, a one-mile long segment of roadway
(segment A) with an ADT of 4,000 vehicles can be expected to have more crashes
than an equal length segment (segment B) with an ADT of 1,000. More vehicles;
more opportunities for collisions and the rate normalizes this increased probability.
A trivial example of one day analysis, with each segment having 1 accident, would
result in a rate of 0.25 (segment A) and 1 (segment B) crashes per 1000 vehicle-
miles.

While rates normalize the data, the actual number of accidents (accident
frequency) also provides useful information. For example, if both segments A and
B have equal rates, then segment A is experiencing 4 times as many crashes as
segment B. Determination on where to spend improvement funds should consider

the frequency in addition to the rate to maximize the return on safety investments.
Identify trends

This study was configured to maximize the observations on two and four foot

shoulder installations. This necessitated the collection of construction and cost
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data from projects that were constructed as early as 1987. The validity of crash
data is best retained with the analysis of three years before and three years after
project data. The approximate 10-year time span for data elements can result in
large differences just due to demographic and economic changes. To assist in
identifying any trends, the crash statistics by county were used as a control
variable. These county crash statistics were obtained from the Alabama Traffic
Accident Facts publications for 1987 through 1997. The control factors were
obtained from the ratio of the average after and before crash experience of the
county in which the project was located. The relationship used to obtain the

control factors is presented below.

Average After County Total Crashes

Control Factor =
Average Before County Total Crashes

The factors were developed by adherence to the project start and stop dates
and in some cases uses partial years in the before and after. Whenever possible

three years were used for both the before and after time periods.

Conduct before/after analysis with control

The analysis of the safety effectiveness of shoulder widening projects was
performed by analyzing crash type, severity and totals with the county crash
statistics as the control factor. The basic assumption behind the use of control
factors is that it represents what occurs at those sites which received no
improvement. The changes exhibited by traffic volumes and crashes at these

unimproved control sites would have occurred at the project sites; if no
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improvements had taken place. Applying the control factors to the before and after

crash experience provides an enhanced estimate of the expected crash occurrence.
Evaluation tasks

The traffic safety purposes of shoulders are to provide right-hand recovery
room required by inadvertent lane departure, provide additional maneuverability
room, to serve as a refuge area, and reduce crashes resulting from driver over
steering to compensate for shoulder drop off. The crash types that can be related
to these purposes include run-off-the-road (ROR), sideswipe (SS), fixed object (FO),
and head-on (HO). To reduce the analysis categories and maintain acceptable
sample sizes, the crashes were analyzed as single vehicle (SV), multiple vehicle
same direction (SD), and multiple vehicle opposite direction (OD). In addition,
increased driver control and larger maneuvering area has a direct influence on total
crashes and crash severity.

The crashes used in the analysis summarized by county, time period and
shoulder type is presented as table 16. A detailed listing of the crashes analyzed
for the project is provided as appendix B. The trends exhibited by the control
factors enabled the analysis of actual changes in crash type at the project sites.
Changes in accident severity were analyzed by considering trends in severity.

Severity trends were considered separately due to the enactment of the mandatory

seat belt law (secondary law) during the analysis period of many projects.
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Development of crash and severity data

Tables 17 and 18 summarize the crash analysis data for two and four shoulder

projects. The beginning and end point of the construction projects were used to

establish the length. The volume measures are based on the best available
information and correspond with the same period of time used for the before and

after crash data.



Table 16 — Total number of crashes before and after shoulder construction

33

County Two-Foot Shoulders Four-Foot Shoulders
Before After Before After
Escambia 102 98
Baldwin 84 113 16 15
Mobile 157 215 45 111
Conecuh 43 52
Monroe ‘ 59 41
Choctaw 98 76
Sumter 62 81
Washington 48 34
Wilcox 37 33
Marengo 44 30
Clarke 35 34
All Counties 386 478 444 455
Before/After 864 899

The control factor represents the change in County total crash experience between
the before and after time periods. For example, the two foot shoulder project in
Escambia County on route AL 21 experienced a 12 % increase in total crashes
from the before to after time periods. It could be expected, therefore, that the
crashes on route Al 21 would have experienced a 12 % increase if no project had
been performed. The crash data is presented as average annual single vehicle,
same direction multiple vehicles, and opposite direction multiple vehicles. When
possible, the crash data represents three years of before and three years of after
data.

Tables 19 and 20 contain the data used to analyze crash severity. The crashes
are stratified by fatal (K), personal injury (A, B or C), and property damage only

(PDO).
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Crash severity is categorized by the most severe event. For example, a fatal
crash may have resulted in two fatalities and a class A personal injury. The data of
tables 19 and 20 would analyze this crash as three data entries; two fatalities and

one type A injury.

The statistical analysis was performed on rates that were developed as crashes
and severity per 100 million vehicle miles (100 MVM). The formula used to
develop the before and after rates is shown below. The same formula was used to
obtain the expected rates with the added step of multiplying the resultant by the
control factor.

(crashes or severity) (10%)

rate per 100 MVM =
ADT (project length) (365)
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STATISTICAL ANALYSIS

The analyses were to determine if a statistically significant difference is present
between what was expected and what actually occurred for two-foot and four-foot
shoulder projects. All tests were performed as one tailed at a confidence level of 95

percent (o =0.05%).

Comparison of Actual and Expected Rates

Statistical comparisons of the actual and expected crash rates were performed
to determine if two and four foot shoulders installations influenced crash and
severity occurrence. The results of the paired t-test analysis for crash rates
(crashes per 100 MVM) are presented as table 21. There was a reduction in single
vehicle and total crashes for both the two and four-foot shoulder installations. The
four foot installations exhibited a slightly higher rate of same and opposite direction
crashes than what was expected. None of the differences between actual and
expected crash rates were sufficiently large to be significant.

Analysis between actual and expected severity rates (severity per 100 MVM)
is presented as Table 22. The actual rate was lower than the expected rate for all
severity categories for both two and four lane shoulder projects. None of the
comparisons, however, were sufficiently large to exhibit a statistically significant

difference at a confidence level of 95 percent.
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Comparison of the before and after rates between two‘ and four foot shoulder

projects were conducted with a two means t — test at a significance level of five

percent

Table 21 - Paired t-test on actual and expected crash rates (per 100 MVM)

Two Foot Shoul

der Projects

Statistic Single Vehicle Same Direction Opposite Direction Total
Actual | Expected | Actual | Expected | Actual | Expected | Actual |Expected
Mean 35.66 36.83 1.99 3.06 5.23 5.63 42.89 | 45.52
Observations 21 21 21 21 21 21 21 21
Calculated t 0.27 1.56 0.37 0.56
Critical t 1.72 1.72 1.72 1.72
One tail Prob 0.40 0.07 0.36 0.29
Four Foot Shoulder Projects
Mean 27.96 33.31 3.32 2.71 5.66 4.58 36.95 | 40.60
Observations 38 38 38 38 38 38 38 . 38
Calculated t 1.67 -0.73 -1.15 1.00
Critical t 1.69 1.69 1.69 1.69
One tail Prob 0.06 0.24 0.13 0.16
Table 22 - Paired t-test on actual and expected severity rates (per 100 MVM)
Two Foot Shoulder Projects
Fatal (K) Personal Injury (Pl) Property Damage Only (PDO)
Statistic Actual Expected Actual Expected Actual Expected
Mean 1.62 1.83 28.76 31.52 49.79 53.60
Observations 21 21 21 21 21 21
Calculated t 0.26 0.65 0.71
Critical t 1.72 1.72 1.72
One tail Prob 0.40 0.26 0.24
Four Foot Shoulder Projects

Mean 1.91 2.89 27.10 30.64 43.92 48.01
Observations 38 38 38 38 38 38
Calculated t 0.78 0.83 1.00
Critical t 1.69 1.69 1.69
One tail Prob 0.22 0.21 0.16

(¢ =0.05%). The purpose of the before test was to determine if certain types of

crashes or severity were influenced differently by two and four foot shoulder
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installations. In addition, differences in the before condition will serve as a base for
evaluating differences exhibited in the after condition.

Table 23 summarizes the before and after crash comparisons between two and
four foot shoulder installations. No significant differences were identified in single
vehicle, multiple vehicle, or total crash occurrences at a significance level of five
percent

Table 23 — Two sample t—test on two and four foot shoulders before and after

crash rates (per 100 MVM)

Two Versus Four Foot Shoulder Before Project Crash Rate
Single Vehicle Same Direction Opposite Direction Total
Statistic 2 Foot 4 Foot | 2 Foot | 4 Foot | 2 Foot 4 Foot 2 Foot | 4 Foot

Mean 32.96 31.62 2.65 2.58 5.03 4.34 40.64 | 38.44
Observations 21 38 21 38 21 38 21 38
Calculated t 0.24 0.06 0.54 0.32
Critical t 1.69 1.68 1.67 1.68
One tail Prob 0.41 0.48 0.30 0.37

Two Versus Four Foot Shoulder After Project Crash Rate
Mean 35.66 27.96 1.99 3.32 5.23 5.66 42.89 36.95
Observations 21 38 21 38 21 38 21 38
Calculated t 1.04 -0.97 -0.30 0.71
Critical t 1.69 1.67 1.67 1.68
One tail Prob 0.15 0.17 0.38 0.24

A summary of the severity rate analysis is presented as Table 24. No significant

differences were identified in fatal, personal injury, or property damage only crashes

between two and four foot shoulder projects at a significance level of five percent.
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Table 24 — Two sample t—test on two and four foot shoulders before and after

severity rates (per 100 MVM)

Two Versus Four Foot Shoulder Before Project Severity Rate

Fatal (K) Personal Injury (Pl) Property Damage Only {PDO)

Statistic 2 Foot 4 Foot 2 Foot 4 Foot 2 Foot 4 Foot
Mean 1.66 2.70 28.36 28.97 48.20 45.35
Observations 21 38 21 38 21 38
Calculated t 0.94 0.10 -0.35
Critical t 1.67 1.68 1.68
One tail Prob 0.18 0.46 0.36

Two Versus Four Foot Shoulder After Project Severity Rate

Mean 1.62 1.91 28.76 27.10 49.79 43.92
Observations 21 38 21 38 21 38
Calculated t 0.32 -0.23 -0.59
Critical t 1.67 1.68 1.68
One tail Prob 0.38 0.41 0.28
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CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations result from the analysis of two

and four foot shoulder installations on State routes.

The installation of shoulders on State routes is performed to reduce maintenance
costs resulting from soil erosion at the roadway edge and to increase traffic
safety. Roadway shoulders increase traffic safety by providing extra
maneuvering room and recovery area from the edge of pavement. The decision
on whether to install eitHer two or four foot shoulders resides within each
ALDOT Division.

Data analyzed for this project included 20 two-foot shoulder projects comprising
over 263 linear miles; and 37 four-foot shoulder projects comprising over 404
linear miles.

When possible three years of before and three years of after crash data were
used to obtain annual averages. A total of 864 two-foot and 899 four-foot
crashes spanning a range of eight years were included in the analysis.

The study could not discern any statistically significant differences in either
crash rate or severity rate between two and four foot shoulder installations.

It was not possible to evaluate the differences in maintenance costs between
two-foot and four-foot shoulders. There is a possibility that these costs may
differ and could affect the life cycle costs. If it is considered that maintenance
costs are substantially different between two and four-foot shoulders then the

ALDOT Divisions should track the costs for a subset of roadway segments.
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The two and four foot shoulder projects used in this study were of similar
construction and did not enable an analysis of texturized shoulders.
Construction costs of four-foot shoulders are substantially larger than the
construction costs of two-foot shoulder projects. This increased cost is not
justified by savings; in either the crash rate or severity rate. Unless the
maintenance cost for the four-foot shoulders is substantially less than two-foot
shoulders, and other bkenefits such as increased maneuverability at intersections
exits, then the increased construction cost of four-foot shoulders on State

routes is not justified.
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APPENDIX A

LISTING OF 2 AND 4-FOOT SHOULDER WIDENING PROJECTS
IN THE 8™ AND 9™ DIVISIONS
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APPENDIX B

LISTING OF CRASH PARTICULARS ALONG ROUTES WITH SHOULDER WIDENING —
BEFORE AND AFTER SHOULDER CONSTRUCTION
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AP'PENDIX C

MEAN ADTSs AT PROJECT SITES —
BEFORE AND AFTER SHOULDER CONSTRUCTION
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