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SUlltARY 

Shoulder removals are a controversial subject as they are contrary to 
standards and have the appearance of compromising safety. Initial research 
indicated that shoulder removals did not adversely affect safety, and the 
number of projects with shoulder removals increased. As the number of pro
jects with less than standard width shoulders increased, the concerns about 
safety were renewed. This study addresses two issues concerning shoulder 
removals: safety and traffic operations. 

Improvement of traffic flow is the primary reason for considering 
shoulder removals. This objective is met for most projects; however, 
extensive removal of both shoulders appears to be counter productive. 
Significant numbers of nondeferrable stops occur on any freeway, and the lack 
of any area for emergency parking will result in increased mainlane stops-. 
The delay caused by increased mainlane stops on a no shoulder section appears 
to outweigh the benefits of added capacity through removal of all shoulders. 

Overall safety is improved on study sections where inside shoulders are 
removed to add capacity on very congested roadways (ADT greater than 20,000 
vehicles per lane per day) and the congestion is reduced (ADT per lane less 
than 18,000 vehicles per lane per day). The improved safety appears to be 
the result of improved traffic operation. If congestion is less severe, then 
safety appears to be unchanged where inside shoulders are removed. Inside 
shoulder removals appear to be preferable to outside shoulder removals. 

Outside shoulders have generally been removed for two reasons. In a 
number of cases, outside shoulder removals were easier to implement because 
the lane addition functioned as an auxiliary lane between ramps. The second 
reason for removing outside shoulders is that there was no inside shoulder. 
This research suggests that inside shoulder removals are preferable to 
outside shoulder removals, all other things equal. Removal of right 
shoulders should only be considered where some emergency parking area exists 
beyond the shoulder or the section is very short. 
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Another concern regarding shoulder removals is that safety may be 

improved short-term, but may become worse as traffic volumes increase. 

Several projects studied have been in place for 7 to 11 years without a 

return to the before accident rate. Another project had higher lane volumes 
after the change and a lower accident rate. The projects evaluated are spot 

improvements typically between major interchanges and the improved operation 
appears to be permanent. 

A final concern regarding accidents is severity. Even if accident rates 

do not change significantly, some concern would exist if severity increases. 

The limited data available on severity suggests that no increases in severity 
are taking place. 

This study implicitly indicates that 11-foot traveled lanes do not 

create safety problems. Al 1 the removals involved lane width reductions from-

12 feet to 11 feet (infrequently 10.5 feet). The use of 11-foot 1 anes as a 
remedial measure to reduce congestion appears to operate safely. 

Shoulders are desired by both the driving public and highway engineers. 
The inclusion of a right shoulder on any new facility is essential. Ful 1 

left shoulders are also desirable on new freeways of six-la~es or more. 

Nevertheless, left shoulder removals appear to be safe and effective capacity 

improvements. On severely congested freeways (ADT greater than 20,000 

vehicles per lane per day) left shoulder removals appear to aid safety if 

congestion levels are reduced. Right shoulder removals should be limited to 

situations where other remedies are not possible and potential benefits and 
disbenefits have been very carefully assessed. 

The removal of left shoulders to provide a median transitway has been 

previously demonstrated to be a cost-effective means of increasing person 
movement in existing corridors. Initial analysis of the Katy Transitway (I-

10) indicates no safety problems. The Katy data are consistent with other 

inside shoulder removal projects and suggests that median transitway projects 

are similar to other inside shoulder removal projects. An evaluation of 

median transitway projects is an ongoing part of this study. 
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When considering a shoulder removal project, care must be exercised to 

avoid creating operational problems. This caveat is not specific to shoulder 
reduction projects. If additional capacity results in a serious overload at 
the downstream end of the project, accidents are likely to increase. 
Shoulder removal projects have good safety records and offer an effective 

means to balance short sections on a congested freeway system. Likewise, 
shoulder reductions can be used on freeways to provide barrier protected HOV 

facilities which also implicitly require congestion to be effective. 
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IMPLEMENTATION STATEMENT 

The study findings indicate that inside shoulder reductions (all but 2 
feet) are a simple and safe method of reducing congestion on existing 
freeways. The safety benefits of removing inside shoulders suggest that spot 
improvement projects should be undertaken when bottlenecks exist and analysis 
suggests that congestion can be reduced. Initial evaluation al so suggests 
that median transitways involving inside shoulder removals are a simple and 
safe method of improving person movement in Texas freeway corridors 
experiencing congestion and for which right-of-way acquisition is not 
practical. 
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INTRODUCTION 

With increasing traffic congestion on Texas roadways, the problem of how 

to increase freeway corridor capacity in a safe and cost effective manner is 

becoming more difficult. Given limited funds relative to needs, it has been 

suggested (l) that ful 1 compliance with AASHTO standards(.£) is not always 

the most effective use of available space. One means of providing additional 
capacity quickly and inexpensively has been to reduce or eliminate 

shoulders. Despite the fact that the safety records of shoulder removal 
projects which have been evaluated are good, there is continuing concern as 

to the appropriateness of shoulder removals given the 1 imited amount of 

evaluation. 

Present design standards in Texas call for inside and outside shoulders

on al 1 freeways. Outside shoulders must be 10 ft. wide and inside shoulders 

4 feet. If freeways operate with six or more lanes, then a 10-ft.-wide 
inside shoulder is required. This is in conformance with national guidelines 

on acceptable practices as presented in 11 A Policy on Geometric Design of 

Highways and Streets 1984 11 (~). However, there is limited documentation 
relating accident rates with the use or lack of freeway shoulders, and even 

less on the use of partial shoulders. A recent NCHRP study on shoulder 

geometrics (l) concluded that a comprehensive study on shoulders was needed. 

California, New Jersey, Arizona, Texas and other states have tried 

taking or reducing freeway shoulders to provide travel lanes or high 

occupancy vehicle 1 anes. A review of the better documented cases is pre

sented later in this report. 

Currently, Texas is studying various freeway locations where there is a 

need to increase capacity but where available right-of-way, environmental 

concerns, and cost severely limit the ability to add additional capacity. In 

the available right-of-way of existing freeways, increasing capacity can 

sometimes be accomplished by narrowing of existing lanes and reducing 

shoulder width. Past research in this area is limited. There is a need to 

quantify the relationship between shoulder width and accidents to help on the 
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decisions between safety and other concern~. There is a need to better 
understand motorist's need for stopping on freeway shoulders and to identify 
how frequently they stop. 

This report presents accident investigations and finding of various 
Texas and California freeway segments, where data and cross section charac
teristics allowed for statistical comparisons. This report presents the 
findings of motorist surveys and observations of vehicles stopped on freeway 
shoulders. It also analyzes the placement of autos and trucks traveling the 
inside lane where concrete barrier walls have been erected. 

The principal objective of the study is to document the safety and 
operational impacts of freeway cross sections operating with shoulders of 
less than standard width. This report investigates.freeway segments provided 
with no, partial, and full shoulders; that is, those whose shoulder widths 
are zero to two feet, three to seven ft. and eight or more ft. respectively. 
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REVIEW OF PAST PROJECTS 

The use of paved freeway shoulders as a travel lane has been regarded by 

some professionals as potentially dangerous and by others as an effective and 

safe method to increase capacity. Various studies have been conducted of 

urban freeways where shoulders have been reduced or eliminated to increase 

capacity. A review of recent projects has been made based on a survey of 

state agencies and on available written reports documenting safety and 
operational experience. Projects dating prior to 1978 are documented in the 

FHWA publication, Freeway Modifications to Increase Traffic Flows, by 

Mccasland and Biggs (i); a summary and an update fol lows. 

Sunmary of Experience Prior to 1978 

A principal concern of the Mccasland and Biggs report was to search for 

ways to reduce traffic congestion while improving the quality and safety of 

travel. Increasing the vehicle handling capacity of existing freeways by 

narrowing lanes and using the shoulders as additional travel lanes was 

considered one of the methods. 

Mccasland and Biggs identified six types of situations that can be 

improved through the conversion of shoulders to other uses. Capacity can be 

increased by using a shoulder to: 1) add a lane between ramps, 2) bypass a 
queue at an exit ramp, 3) clear bottlenecks on the mainlanes due to roadway 

geometrics, 4) reduce merge conflicts, 5) provide an HOV lane, and 6) 

al low for maintenance or construction needs to close one or more lanes. 

Mccasland and Biggs presented various considerations in the design and 

implementation of shoulder use projects. The major expressed concern in 

modifying surface geometrics is the retention of a cross section which 

provides adequate width for mainlanes, emergency parking and lateral 
clearance. Although the desirable freeway lane width is 12 feet, narrower 

lanes have been successfully operated. The desirable width for shoulders in 
urban freeways of three or more lanes is 10 ft.on both sides. Lateral 

clearance of 6 ft. or less is widely believed to reduce the capacity of the 
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roadway. There is, however, some indication that effects of 11 ft. lanes and 

no inside shoulder may not be as severe as generally believed (~, .§). 

The reduction or elimination of highway shoulders as wel 1 as the 
reduction of lane width was considered a compromise of freeway standards by 
agencies involved in these projects. The possible reduction in highway 
safety was considered a trade-off for the sake of reducing delays and fuel 

consumption. Yet, Mccasland and Biggs (1.) found that the safety experience 
of those projects was excel lent. Most project reports reviewed indicated no 

evidence of safety problems or that accident experience between before and 

after project implementation was reduced. 

Thirty-four different projects (1) in seven different states investi

gated accidents, with most reporting a decrease in accident rate after the 

project was implemented. Houston and Los Angeles are prominent with the most· 

documented cases; however, the level of documentation varies substantially 
from one project to another. Table 1 is a summary of the accident experience 
of the projects. 

It should be noted that the average accident rate for those projects 

went down. An unweighted average of a 11 sit es reflects 2.12 ace i dents per 

mill ion vehicle miles before improvements and 1.33 accidents per mil lion ve

hicle miles after improvements. No statistical analysis was conducted since 

each rate belongs to a specific project with different characteristics or 

treatments; however, a decrease in accident rates is evident. 

Narrowing lanes to 11 ft. or (occassional ly 10.5 ft.) while maintaining 

shoulders did not bring about a change in accide!J.t rates either(~). 

Projects where one or both shoulders were eliminated during peak periods did 

not experience increases in accident severity. However, there was a doubt on 

future effects when increasing volumes would bring back the level of 

congestion that existed prior to improvements. Since the projects to 

increase capacity al so brought about an immediate improvement of freeway 

level-of-service, it was believed that the congestion reduction benefits 

overshadowed the negative effect of reducing or eliminating shoulders. The 
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Table 1. Sll1llllary of Accident Experience Through 1978 

Location 

Denver 

Houston 

Houston 

Houston 

Houston 

Houston 

Los Angeles 

Los Angeles 

Los Angeles 

Los Angeles 

Los Angeles 

Los Angeles 

Los Angeles 

Los Angeles 

Los Angeles 

Los Angeles 

Nashville 

Pensacola 

Portland 

Portland 

San Diego 

San Francisco 

San Jose 

Seattle 

Freeway 

I-25 

US 59 (SW Fwy.) 

I-45 (N. Fwy) 

I-610 (W. Loop) 

I-610 (S. Loop) 

I-610 (W. Loop) 

I-10 (Santa Monica) 

San Bernardino 

Pomona Project l 

Pomona Project 2 

Ventura 

Golden State 

Pomona Project 3 

Santa Ana Proj. l 

San Diego 

Santa Ana Proj. l 

I-65, I-265 

I-10 

I-5, I-405 

Banfield 

I-5 

Route 280 

I-280 

Route 520 

Unweighted Average 

:tAccident Rates/Million Vehicle Miles. 

Accident Rate :eo 

Before 

NA 

3.68 

NA 

NA 

NA 

NA 

1.45 

NA 

l.18 

l.32 

l.86 

l.86 

1.5 

l.39 

NA 

2.39 

l.92 

NA 

4.69 

NA 

NA 

NA 

NA 

NA 

2.12 

After 

NA 

2.90 

NA 

NA 

NA 

NA 

1.05 

NA 

l.13 

l.05 

0.78 

l.47 

l.02 

0.90 

NA 

2.17 

0.91 

NA 

l.30 

NA 

NA 

NA 

NA 

NA 

l.33 

,, 
Coimnents 

No increase in accident experience. 

No increase in accident experience. 

Greatly improved overall safety. 

Accidents reduced sharply. 

Project started December 1978. 

Project greatly improved overall safety 

Eastbound East LA to Route 7 

westbound Route 7 to East LA 

Accident rates remained same. Fre

quency of accidents increased 

slightly 

Accident frequency increased 50 per

cent for 8 months. Changes in 

signing, pavement markings, hours of 

usage accounted for reduced rate shown. 

One accident reported in year after mod. 

Accidents increased slightly. 

No increase in accident experience. 

No problems reported. :t:t 

No problems reported. 

No increase in accident experience. 

:eo+subsequent information indicatews some problems resulted from this project. 

Source: Adapted from Mccasland, W.R., Biggs, R.G.; Freeway Modifications to Increase Traffic 

Flow, Federal Highway Administration, January 1980. 
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fol lowing update of selected projects indicates that the reduction in 

accident rates has remained for several years. 

Long Term California Experience 

A review of accident rates of a few California projects reveals that 
higher accident rates have not yet materialized. Table 2 shows accident 

rates for three Los Angeles Freeways. The US 101 project is examined in more 

detail later in the report. Accident rates differ between the California and 

TTI analyses due to differences in project limits. 

The data in Table 2 indicates that 8 to 11 years after operational 

improvements, safety has not worsened. The Ventura project is a 3 mile 

(westbound) segment downstream of the San Diego Freeway interchange. The 

Route 60 project is a 2.8 mile section (both directions) between the East Lbs 

Angeles (ELA) and Route 7 interchanges. These "spot" type improvements 

represent operational improvements even though volumes increased to lane 

volumes near or greater to before volumes. The metering effect of the inter
changes helps to maintain the operational benefits of the project. 

Table 2. Accident Rates In Los Angeles' Freeway Capacity Improvement Projects 

us 1011 

Time Ventura 

Period (Haskell to w. Oak) 

Before Improv. 1.86 

After Improv. 0.78 

1981 0.92 

1982 0.91 

1983 0.86 

1Project implemented June 1972. 

2project implemented June 1975. 

RT 602 

Pomona (Rt 7 to ELA) 

Eastbound westbound 

1.32 1.51 

1.05 1.02 

0.76 0.88 

0.71 0.71 

1.00 1.16 

Rates are expresed in accidents per million vehicle mile. Recent rates quoted over the 

phone by CALTRANS in September 1984. 
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The ab.ove freeways have in common that the median shoulder width was 
significantly reduced to use as part of a traffic lane. The traffic lanes 
were also narrowed. The three segments were provided with a concrete median 
barrier. In the. Ventura and Pomona Freeways, where improvements were made 
during the 1970's, the initial reduction in accident rates has been attrib
uted to project implementation. However, contrary to expectations, accident 
rates have not gone back to previous levels. Years 1981through1983 reflect 
rates comparable to those experienced shortly after project implementation. 
Recent accident rates for the San Diego Freeway project are very similar to 
those experienced at the Ventura and Pomona Freeways, but the before and 
after accident rates are not available. 

Long Tena Texas Experience 

A Texas project has experienced similar results. In Houston, a segment 
of the Southwest Freeway (US 59) in Houston had the outside shoulder of the 
southbound (outbound) lanes turned into an extra travel lane to increase 
capacity, as shown in Figure 1. Specifically, in 1976 the right shoulder of 
the Southwest Freeway from the Wes l ayan entrance ramp to the Westpark exit 
ramp, excluding the I-610 interchange, was converted to an extra travel lane. 
The width of the lanes was reduced to 10.5 feet, as shown in Figure 2. In 
1978 that shoulder lane was extended north to the Edloe entrance ramp, for a 

combined project length of approximately 3.1 miles. The project has a full 
left shoulder and limited right side parking opportuniti,es. The latter 
extension was made to improve the flow of upstream traffic. Initial de
creases in accident rates were reported by McCas 1 and (§). 

A recent update of accident rates on the US 59 southbound lane project 
reflects that rates of the two sections studied have remained down since the 
shoulder lane was restriped to increase capacity. Table 3 shows accident 
rates before restriping and for a period of seven years after restriping, as 
reported by McCas land (I). 
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Table 3. Accident Rates On Southwest Freeway, Southbound 

weslayan To westpark, Houston 

_Accidents/Million Vehicle Miles (24-Hour Rates) 

Section Before After Restriping 

Restriping 

1976 1977 1978 1979 1980 

weslayan to I-610 3.42 2.98 2.82 3.02 2.95 2.91 

I-610 to westpark 3.78 3.38 3.03 2.24 2.74 2.68 

1981 

2.22 

2.78 

Source: Mccasland, w. R., The Use of Freeway Shoulders to Increase Capacity, 

Research Report 210-10, Texas Transportation Institute, 1984. 

Recent Experience 

1982 

2.71 

2.71 

During 1983 as part of this research effort, highway and transportation 

departments were contacted to obtain information regarding operational and 

accident experience from projects with segments of mainlane freeways where 

one or both shoulders had been reduced or eliminated to increase highway 

capacity. The survey addressed only projects implemented since 1978, and for 

which documentation was available. All states were contacted and 36 res

ponded; el even of those indicated they had undertaken such projects. 

Appendix A presents a summary of responses. Of the states that had not 

reduced or eliminated shoulders, two (Indiana and North Carolina) explained 

that they are considering this option for the future and one state (Kansas) 

reported to have considered this type of project but rejected such an 

approach. Other states that did not respond may have shoulder reduction 

projects. 

Of the states that had reduced or eliminated shoulders, six provided 

details on those projects. These projects, located in Arizona, California, 

Hawaii, Illinois, New Mexico, Texas and Virginia, are described in Appendix 

B. Of the above, Arizona and Texas provided safety and operational data 
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including accident rates that can be used to better understand their 

experience. The New Jersey Turnpike Authority, in response to a request from 
Cal trans, provided their assessment of improvements on two major freeway 

bridges. The Ariz.ona, Texas and New Jersey projects are briefly described 
below. 

Arizona 

The study conducted in Phoenix, Arizona provides the most detailed 
analysis of operational and safety factors regarding restriping and the use 

of shoulders (Z). In February 1980, while I-10 was closed for repairs to the 

Salt River Bridge, the six mainlanes were restriped into eight lanes (four 
each way) to increase traffic capacity. Figure 3 shows the study site. The 

typical before cross section was three 12-ft. lanes with a 10-ft. outside 

shoulder and a 4-ft. median shoulder. (The differences between the written

description and typical section in Figure 4 exists in the original report). 

The section was turned into the equivalent of four 11-ft. lanes with 2-ft. 

inside and outside shoulders, as shown in Figure 4. 

A before and after study was conducted to determine the impact on opera

tions and safety of widening to eight-lanes. Before restriping, peak-period 

traffic (using six lanes) was operating at level-of-service "E through F" 

with a.m. peak hour volumes of 5,500 vehicles westbound and p.m. peak hour 

traffic of 5,000 vehicles eastbound. Congestion increased when in early 
1979 flooding of the Salt River required several nearby bridges to be closed. 

As traffic volumes across the high grade river crossings increased, I-10 

became more congested. This resulted in level-of-service 11 F11 with slow 

moving queues approximately three miles long occurring regularly. A 
temporary plan was developed to increase capacity of I-10 from 24th street to 

Broadway Road. Restriping took away the right shoulder to use as a travel 
lane, thereby increasing the number of mainlanes from three to four in each 

direction. 

When in March 1980 the I-10 Salt River bridge was changed to eight 

mainl anes, the westbound a.m. peak hour volumes increased to 6,290 vehicles 

while the eastbound p.m. peak hour volume increased to 5,450 vehicles. Based 
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on capacity computations, the widened study section operated at LOS 11 C-D 11 

during peak hours and no significant queueing was observed. During the year 

the 8-lane section was operated, monthly traffic counts were taken. During 
this time several river crossings were opened, but on the average, I-10 
traffic volumes remained at about the same level. 

In March 1981 the cross section was brought back to 6-lanes. Peak hour 

traffic went down to 5,800 vehicles westbound and to 5,200 vehicles east

bound. The study section again operated under LOS 11 E-F 11 during peak hours 

with significant queueing observed. 

It is of interest that throughout the study period, we~kday daily 

volumes continued to increase. Initial counts recorded a weekday volume of 
105,000 vehicles per day with 6-lanes and al 1 river crossings opened, 115,000 

vehicles per day with 8-lanes and most river crossings opened, and 117,000-

vehicles per day after returning to the 6-lane configuration. However, the 

8-lane section was capable of handling the growing demand at a satisfactory 

level-of-service during peaks, but the 6-lane section was not. 

To analyze accidents on the 8-lane section, three roadway categories 

were selected: (1) the approach (upstream) segments to the widened roadway, 
(2) the segments of the 8-lane section provided with guardrail along the Salt 

River bridge (thus, no shoulders or emergency parking opportunities) and, 

(3) the segments of the 8-lane section with no shoulder or guardrail, but 

with some outside parking opportunities. 

Overall accident rates for the whole study corridor decreased with the 

implementation of the 8-lane section and again decreased after the section 
was returned to 6-lanes as shown in Table 4. The initial decrease fol lowing 

the implementation of the 8-lane section is consistent with past experience 
(~)as accident rates have been related to the level-of-service or traffic 

volume per lane per hour travel ling a given cross section. Under the 

original 6-lane operation, the eastbound traffic experienced significant 
queueing and stopped delay during peak hours. Under the 8-1 ane operations 

the level-of-service improved and relatively stable flow was observed. The 
return to the 6-lane operation brought back congestion and long queues, which 
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in turn should have increased accident rates but the reverse was recorded. 
This may be partly explained based on a long term decrease in reported 
accidents throughout the state; however, it is necessary to examine the rates 
in more detail than overall rates. 

Table 4. Accident Rates By ~ent, I-10, Phoenix, Arizona 

Segment (Accidents/Million Vehicle Miles) 

Direction Period Total Approach Guardrail* 

Eastbound Before 2.28 3.35 

Accidents During 2.02 0.95 

After l.53 l.88 

Westbound Before 2.57 l.08 

Accidents During 2.16 l.17 

After l.69 l.04 

Before: March 4, 1970 to March 13, 1979 (6 lanes) 

During: March 1, 1980 to March 13, 1981 (8 lanes) 

After: March 16, 1981 to March 31, 1982 (6 lanes) 

2.51 

3.80 

l.97 

2.47 

3.00 

l.35 

Without 

Guardrail* 

l.69 

l.50 

l.13 

3.07 

l.90 

2.11 

*The distinction between guardrail and without guardrail sections is 

that the without guardrail section allowed limited outside parking 

opportunities. 

Source: Evaluation of the I-10 (24th Street to Broadway Road) 6-lane vs 

8-lane Freeway Operations, Traffic Design Service, Arizona De

partment of Transportation, August 1983 (internal paper). 

An important difference was observed on the segments with guardrail and 
no parking. These showed a statistically significant increase in accident 
rates for each direction once the 8-lane cross section was implemented. When 
the cross section was returned to 6-lanes the accident rates decreased. This 
is very different from what happened on the segment provided without guard
rail (limited parking available) in magnitude and in the direction of change. 
Figure 5 shows these relationships. It appears that the increase in accident 
rates is due to the complete lack of shoulders or emergency parking area. 
This is consistent with experience elsewhere. 
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Figure 5. Accident Rates By Time Period, I-10, Phoenix, Arizona 

Recent experience in the utilization of freeway shoulders to increase 
capacity are primarily from the implementation of additional capacity and the 
construction of median HOV lanes. The projects are located in Houston, 
Texas. 

US 59. In February 1981, the northbound (inbound) right shoulder of US 
59 was converted to a travel lane during the (weekday) morning peak period 
between the hours of 6:00 to 9:00 a.m. (ZJ. Improvements extended between 
the Newcastle exit ramp to the Edloe exit ramp for a distance of 0.9 miles, 
as shown in Figure 6. This freeway section has 10-ft. inside shoulders. 
Also, the Newcastle entrance ramp to the northbound mainlanes is closed to 
traffic between 6:00 to 9:00 a.m. by a time-clock-operated railroad barrier 
gate. During that period, the Newcastle entrance ramp traffic is diverted 
along the frontage road to downstream on-ramps. 
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The U.S. 59 project turned the right shou 1 der to an a.m. peak hour 1 ane 

to increase capacity over the Santa Fe Railroad crossing and to improve 

upstream traffic operations. Peak hour traffic volume (7:00 - 8:00 a.m.) 
went from 7,800 to 9,125 vehicles per hour (vph) for a net increase of 1,325 

vph as a result of improvements. Once opened, the peak period lane was 
handling 1,058 vph over the railroad crossing or operating at about 60 per

cent of capacity. Through lane traffic volume increased slightly to approxi
mately 2,020 vph per lane. 

The most important benefits were in accident reduction. During the a.m. 

operating hours, the frequency of accidents between 1-610 and Weslayan, a 

distance of 1.6 miles, went down about 50 percent for the two years fol lowing 

the improvements, and the accident rate dropped about 57 percent, as shown in 

Tab.le 5. The off-peak period, between 9:00 a.m. through 6:00 a.m. the next 

day, discloses a different situation. The off-peak period accidents were-

Table 5. Accident Frequency and Accident Rates of Designating a Shoulder 

as a Travel Lane, Southwest Freeway, I-610 to weslayan, Houston 

Section and Time Period Two Years Before Two years After 

I-610 to weslayan Modification Modification 

1979-1980 1981-1982 

6 a.m. - 9 a.m., weekdays (peak period)1 

Number of Accidents 58 29 

Accidents/million vehicle mile 4.41 1.89 

9 a.m. - 6 a.m., Daily (off-peak)2 

Number of Accidents 307 301 

Accidents/million vehicle mile 3.14 2.9 

1This is the period during which the shoulder is operated as a travel lane. 

2The shoulder is not in operation as a travel lane during this off-peak time. 

Source: Mccasland, w.R., The Use of Freeway Shoulders to Increase Capacity, Research 
3 

Report 210-10, Texas Transportation Institute, 1984. 
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reduced by only 2 percent and the accident rate by about 5 percent; this was 
a minor reduction compared with that for the a.m. peak operating period. 

Thus, the section operating with the additional shoulder lane during the a.m. 
peak period recorded a 50 percent decrease in accidents and a 57 percent 
decrease in accident rates, while the same section operating with a right 
shoulder during off-peak hours remained at about the same level. The 
following data suggests that the accident reduction is the result of a reduc
tion in the level of congestion and a ramp conflict point. 

Other benefits were attributed to the implementation of the peak period 
shoulder lane. The before and after studies revealed that at the entrance 
ramps from 1-610, the average vehicular speed increased and the vehicle delay 

became negligible during the shoulder lane operating hours. The shoulder 
lane improved the flow from 1-610 using US 59 to travel northbound. Runs 
made from the 1-610 approaches to a point adjacent to the Weslayan exit ramp 
confirmed reductions in travel time. Travel time between the 1-610 
northbound entrance ramp to Wesl ayan, a distance of 2.4 mi 1 es, used to take 
11 minutes or more during the period between 7:00 to 7:45 a.m. After im
provements, the same run could be made in approximately 4 minutes. The 1-610 
southbound entrance ramp traffic also observed similar improvements but not 
as dramatic. 

1-10. Preliminary information on the Katy Freeway (l-10) in Houston, 
comparing before and during construction accidents through sections modified 
with narrower lanes and reduced or eliminated shoulders due to construction 
of an HOV median lane, indicates no significant change in accident rates (~). 

Accident experience was investigated for a 5 mile long project of HOV con
struction. The project was divided into various segments by cross section 
used during different time periods. The accident records were related to 
segment length and to measured average daily traffic to obtain accident 
rates. Statistical analysis reflected a significant increase in accident 
rates through the whole project length between the pre- and during construc

tion phases. Traffic safety was adversely affected at the beginning of 
construction on each segment. As time elapsed, drivers seemed to adjust to 

the substandard geometrics. Prior to completion of work at each segment, 
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accident rate differences were found not significantly different compared to 

preconstruction rates. 

The narrow lane.cross-section, together with reduced shou 1 ders imp 1 e

mented during the HOV lane construction, raised fears of increased accidents 

and drasti ca 11 y reduced speeds. Those concerns did not materi a 1 i ze except 

for a brief initial period during construction in which the accident rate 

increased until drivers adjusted to the new geometrics. There were a few 
operational and safety problems which may be the result of the detailed 

traffic management plan used during construction. 

Subsequent analysis (lQ) of the first year of operation of the Katy 

Freeway authorized vehicle 1 ane is summarized in Table 6. A detai 1 ed 

analysis will be performed as a part of this study when a more deta.i 1 ed 

accident database is available from the Texas Department of Public Safety; 

The data to date does suggest that the introduction of the transitway and the 

elimination of the left shoulder does not appear to have resulted in unsafe 

operating conditions as measured by the frequency of accidents on the freeway 

mainlanes. 

Time Period 

6/82-5/83 before 

6/83-10/84 canst. 

11/84-9/85 after 

Table 6. Comparison of Accident Rates 

(Westview to Washington, 8.7 miles) 

Total # Accidents fl of Days AAOT Distance Accidents Per Million 

(miles) Vehicle-Miles 

754 365 154,891 8.7 1.53 

1182 518 156,471 8.7 1.68 
.. 
626 334 158,147 8.7 1.36 

Source: Texas State Department of Highways and Public Transportation computerized accident data 

(10). 
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New Jersey 

The New Jersey Turnpike was originally bu·ilt in 1952 with an outside 

shoulder 10 ft. wide and a 5 ft. wide inside shoulder (ll). Subsequently, 

the outside shoulder was widened to 12 feet. The exception to continuous 

outside shoulders were two high level bridges. The Passaic River Bridge, 1.3 

miles long, and the Hackensack River Bridge, 1.1 miles long, were provided 

with six traffic lanes with a 2.5 ft. raised inside shoulder and a 3.5 ft. 

raised outside shoulder. The original cross section is shown in Figure 7. 

In the mid-1960's it was decided to add external lanes (dual ize) to the 

northern 30 miles. With dualization completion in 1970, the Authority had 

the opportunity to divert traffic and build 12-ft. outside shoulders onto the 

bridges, as shown in Figure 7. Bridge reconstruction to add shoulders took 

place between 1970 through 1975 and during those years traffic never ex~ 

ceeded two-thirds of the volumes immediately preceding diversion. From 1976 

to 1982 traffic volumes increased and approached the levels of the mid-

1960's. 

The bridge accident rates went down from 1.55 acc/mvm for the 1964-1970 

per i o d to 0. 7 8 a cc/ m v m for the 19 7 6- 19 8 2 per i o d (1Q).. Thi s di ff ere n c e i s 

statistically significant at the 0.01 level. In comparison, the turnpike 

accident rate as a whole went up slightly, but the difference is not 

statistically significant. Table 7 shows the above rates by year. In 

addition, fatal accidents totaled five during the 1964-1970 period and to 

on 1 y one after improvements. 

The outside shoulders have been credited with the improved accident 

rates since the most significant change was the provision of outside 

shoulders. 
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Table 7. Passaic and Hackensack River Bridge Accidents 

Easterly Roadway 1964 - 1982 

Fatal 

Accidents 

Total On Bridges 

Bridges Bridges Turnpike Involving 

Total Accident Accident Disabled 

AADT 

On 

Year Accidents Rate Rate Vehicles Bridges 

1964 108 153.5 94.3 2 

1965 99 139.7 91.8 l 

1966 107 145.6 88.0 0 

1967 116 153.3 93.0 0 

1968 107 133.5 94.8 l 

1969 151 183.7 102.8 o 
1970 130 178.0 89.3 l 

1971 41 87.3 85.5 o 
1972 53 97.0 91.5 o 
1973 31 57.l 83.5 0 

1974 40 75.8 71.5 l 

1975 40 74.5 63.8 o 
1976 34 60.0 78.8 o 
1977 56 94.5 94.7 0 

1978 68 105.6 97.l 0 

1979 56 82.6 112.2 0 

1980 43 61.6 98.8 o 
1981 41 58.4 101.4 o 
1982 59 81.5 96.l l 

1964 - 1970 No shoulders on bridges 

1970 - 1975 Under construction, some traffic diverted 

1976 - 1982 Shoulders on bridges 

Su1DDary of Past Projects 

64,249 

64,705 

67,115 

69,105 

73,166 

75,063 

66,682 

42,882 

49,856 

49,573 

48,159 

48,997 

51,776 

54,113 

58,785 

61,927 

63, 712 

64,071 

66,059 

A review has been conducted of recent experience on the operation and 
safety of using paved shoulders to provide extra lanes to increase capacity 
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of freeways. In general, a substantial reduction in accident rates has 
occurred immediately after implementing these projects. A previous concern 
that accident rates would increase with increasing traffic volumes did not 
come about. After eight to el even years, accident rates have remained 
lower than prior to improvements as confirmed by studies of three freeways in 
Los Angeles and Houston. 

A study of US 59 in Houston, where the right shoulder was taken away to 
provide a peak period travel lane, but with ramps and grass areas available 
to pull out of the freeway main lanes, observed lowered accident rates. Total 
traffic increased, with the through lanes carrying a slightly higher number 
of vehicles per hour per lane, but the shoulder lane working considerably 
below capacity. This cross-section allows for parking on the inside 

shoulder. 

A study of a project on 1-10 in Phoenix, discloses some additional 
perspective. Accident rates went down at a time when this temporarily went 
from six lanes and full right shoulders to eight lanes and no outside 
shoulders. Partial (2 foot) inside shoulders were provided before and after 
improvements. The six lane approach to the improved capacity segment (8-
lanes) experienced a reduction in accident rate. The improved capacity 
segment without guardrail (some emergency parking available) also experienced 
reduced accident rates. However, the 8-lane segment operating with 
guardrails through a bridge structure where parking away from the mainlanes 
was not possible, observed an increase in accident rates. These findings 
indicate a possible difference between having only one full shoulder and 

having no shoulders (or emergency parking area). 

Reduced accident rates were found on two New Jersey Turnpike bridges 
where full outside shoulders were installed along segments with partial (2.5 
ft.) inside and partial (3.5 ft.) outside shoulders. The rate for the whole 
turnpike remained at about the same level. Safety improvements have been 
attributed to the ability of giving safe refuge to vehicles that breakdown on 
the highway. 
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Overall, the literature review suggests that the taking of the right or 
both shoulders to increase capacity may not reduce safety if a parking are.a 
of some kind exists. The sections of this report that follow go into a 
detailed analysis of several recent projects located in Texas and California 
where inside or outside freeway shoulders were taken away to provide a travel 
lane. The Texas analysis also includes four pairs of comparison sites where 
one section has shoulders and the other section never has had inside 
shoulders. 
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INSIDE SHOULDER ACCIDENT EVALUATION IN TEXAS 

The objective of the analysis following is to detect statistically 

significant differences in accident rates between contiguous freeway segments 
where the cross section varies from a ful 1-width (8 ft. or more) inside 

shoulder to a partial (3 to 7 ft.) or no (0-2 ft.) inside shoulder. A before 

and after study of a segment also is included where work was done to restripe 

lanes and use the inside shoulder as a travel lane. 

When this study was initially undertaken, the only known data was that 

previously described. The only available approach was to compare different 

roadway segments with and without shoulders. The roadway segments compared 
in this section of the report represented the best available comparison sites 

that could be identified in Texas. As the analysis wil 1 show, the study 

sites do appear to have significant limitations. However, some additional -

insight can be drawn from the Texas data given the results of the analysis of 
the California data which is presented later in the report. The Texas 
analysis of four "paired" sites is provided for completeness and must be 
viewed cautiously. However, the anlaysis provides valuable data concerning 

severity. 

All freeway segments studied have six or more lanes and full-width 

outside shoulders. The first four segments are "paired" sites. The I-610 

analysis is a before and after study. The segments studied include: 

1 SH 183 in Dal las, from the western boundary of Dal las County to Carl 

Road; 

1 I-30 in Dallas, from West Loop 12 to Beckley Avenue; 
1 US 59 in Houston, from Almeda Road to Shepherd Drive; 

1 SH 286 an~ SH 358 in Corpus Christi, the first segment from Agnes 
Street to Mansheim Street, and the second from Koztoryz Road to 

Sta pl es Street. 

1 I-610 in Houston, from US 290 to I-10; and 
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SH 183 includes two segments, one with full inside shoulders and the other 
with no inside shoulders. I-30 includes three segments, one with ful 1 inside 
shoulders, a second with partial inside shoulders and a third with no inside 
shoulders. US 59 includes two segments, one with full inside shoulders and 
the other with partial inside shoulders. I-610 is just one segment where 
before and after comparisons have been made; before restriping it had a full 
inside shoulders, after it had partial inside shoulders. Last, SH-286 and SH 
358 each provide a segment to be compared with the other, the first has full 
inside shoulders and the second partial inside shoulders. 

Procedure 

Accident records prepared by the Texas Department of Public Safety (DPS) 
and maintained in computer files have been accessed for the analysis. These 
records include accidents dating between 1979 through 1984. The many 
variables describing each accident allow for the selection of subsets that 
provide enough observations for statistical analyses. Several variables 
including time of day, day of the week, object impacted, light condition, 
type of collision and others that could relate to accident rates were 
investigated. Many variables were not useable because, in the short segments 
investigated, accident observations were too sparse to make statistical com
parisons. 

After looking for different relationships it was decided that the prin
cipal factor to be compared would be accidents per million vehicle miles 
(acc/mvm). This approach uses the total number of segment ace i dents 
occurring within a selected period of time but excludes ramp related 
accidents. Al 1 accidents occurring during each quarter (three month period) 
represented a sample for statistical purposes. Those observations then were 
divided by the average daily traffic (ADT) to obtain accident rates. The 
ADTs were obtained from the District Highway Traffic Maps, prepared yearly by 
the SDHPT. Quarterly rates were calculated and used to conduct a T-test 
between the two segments (or before and after) in order to detect any rate 
reduction or increase that would be statistically significant. 
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Another analysis was prapared to test the difference in accident rates 

by lane location. These include the inside shoulder (including median space 

beyond the shoulder), the inside lane, the middle lane (second lane), the 

outside lane or lanes; and the outside shoulder. Only accidents where the 

first impact occurred at one of these locations were included. Calculated 

values are a subset of the whole segment rate since lane rates are obtained 

by dividing lane accidents by segment vehicle miles. With this breakdown, a 

T-test was conducted similar to that made for the whole segment. 

A third analysis was used to investigate the severity of accidents. The 

severity of accidents is grouped into five categories by the DPS; they are, 
accidents that result in: fatalities, incapacitating injuries, non
incapacitation injuries, possible injuries and non-injuries (also known as 

property damage only). The category of any one accident was determined by 

the most serious injury involved and each accident counted as one observation· 

regardless of the number of affected parties. The program provided tables 

of accident frequency by severity category and lane location. Also, it 
computed the total accident rate by severity category. And last, it printed 

a frequency table of accidents involving parked cars and pedestrians by 

severity category and lane location. 

Selected Freeway Characteristics 

The freeways investigated operate with different shoulder treatments and 
operating conditions. Two cases, SH 183, and I-30, are used to compare ful 1 

inside shoulders with no inside shoulders. The two are composed of close-by 

segments where the motorist population is essentially the same during a given 

period of time. 

Three other cases, I-30, US 59, and SH 286 with SH 358 are used to com

pare full inside shoulders with partial inside shoulders. The three cases 
are composed of close-by segment pairs. US 59 has one segment with 6-lanes 
while the other has 10-lanes. SH 286 (full shoulders) and SH 358 (partial 

inside shoulder) are nearby segments which are compared. I-610 is just one 

segment where inside shoulders were reduced to partial (2.5 ft.) shoulders to 

provide a travel lane and provides data for before and after comparisons. 
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Al 1 six cases are located within an urbanized area and have six or more 

lanes. 

SH 183, Dal las. The first segment, operating with full inside shoulders 

(12-ft. wide), is 2.2 miles long and the second segment operating with no 

inside shoulders (1.5-ft. wide), is 3.5 miles in length. A major interchange 

separating the two segments was excluded from consideration. Both segments 

operate with six mainlanes, full outside shoulders, and paved medians pro

vided with concrete median barriers (CMB), as shown in Figure 8. Both seg

ments have frontage roads, but the segment with no inside shoulders has more 

closely-spaced ramps. Also, land use and frontage road traffic is much more 

intensive along the no inside shoulder segment. 

The segment with ful 1 inside shoulders had an average ADT of 80,500 

vehicles during the 1980-1983 period; 1984 peak hour traffic counts averaged· 

1,815 vehicles per lane, as shown in Table 8. The segment with no inside 

shoulders had an average ADT of 104,500 vehicles for the same period; 1984 

peak hour traffic counts averaged 1,870 vehicles per lane. The similar peak 

hour volumes and dissimilar ADTs suggests more extensive peak period 

congestion on the no shoulder section. 

1-30, Dal las. The segment with full inside shoulders (20.5-ft. wide) is 

2.6 miles long, another segment with partial inside shoulders (5.5-ft. wide) 

is 1.9 miles long, and a third segment with no inside shoulders (1.0 ft. 

wide) is 1.0 mile long. All segments are provided with a median guardrail, 

but the segment with full inside shoulders has only 4.5 ft. of the inside 

shoulder paved, and the segments with the partial inside shoulders and no 

inside shoulders have raised medians. The raised medians were original 611 

barrier curbs, but are now generally less due to pavement overlays. Figure 9 

shows these and other detai 1 son the cross section. All segments operate 

with six mainlanes and ful 1 right shoulders. Only the segments with partial 

inside shoulders and no inside shoulders have frontage roads, together with 

adjacent commercial development. 
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Table 8. Traffic Volunes For Selec~ed Freeway Se!Jllents 

Peak Hour3 Segment 

Freeway Se!Jllent1 ADT2 Vehicles/Lane Length (mi.) 

SH 183, Dallas Full Shoulders 8D,500 1,815 2.2 

No Shoulders 104,500 1,870 3.5 

I-30, Dallas Full Shoulders 70,250 1,740 2.6 

Partial Shoulders 77,750 1,850 1.9 

No Shoulders 82,250 1,960 1.0 

I-610, Houston Full Shoulders 164,600 1,910 1.0 

Partial Shoulders 213,500 2,135E 1.0 

US 59, Houston Full Shoulders 173,040 l,730E 1.3 

Partial Shoulders 128,620 2,140E 0.8 

SH 286, Corpus C. Full Shoulders 60,580 l,620E 3.4 

SH 358, Corpus c. Partial Shoulders 74,380 l,980E 3.1 

!All have full outside shoulders. 
2sased on 1980-83 traffic except US 59 based on 1980-84 traffic and, I-610, based on 

1979-80 for before and 1982-83 for after. 
3Average for all lanes in the peak direction. Based on counts, except vol1J11es followed 

with an "E'' which are estimates based on percent of ADT (0.05 for Houston and 0.08 for 

Corpus Christi). 

The segment with ful 1 inside shoulders had an average ADT of 70,250 

during the 1980 through 1983 period; 1984 peak hour traffic counts in the 

peak direction averaged 1,740 vehicles per lane. The segment with partial 

inside shoulders had an average ADT of 77,750 during the same period; 1984 

peak hour traffic counts in the peak direction averaged 1,850 vehicles per 

lane. The segment with no inside shoulders had an average ADT of 82,250 

during the period cited above; 1984 peak hour traffic in the peak direction 

is estimated at 1,960 vehicles per lane. 

US 59, Houston. The segment with ful 1 inside shoulders (10-ft. wide) is 

1.3 miles long, and another segment with partial inside shoulders (3-ft. 

wide) is 0.8 miles long. A partial interchange separating the two segments 

(Spur 527) was excluded from the analysis. The segment with full inside 

shoulders operates with 10-mainlanes; the segment with partial inside 
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shoulders operates with 6-mainlanes where about half the length is provided 

with an auxiliary right lane in each direction. Both segments have ful 1 

right shoulders and paved medians with CMBs, as shown in Figure 10. No 

frontage roads are available. 

The segment with ful 1 inside shoulders had an average ADT of 173,040 
during the 1980 through 1984 period; estimated peak hour traffic in the peak 

direction is 1,730 vehicles per lane. The segment with partial inside 
shoulders had an average ADT of 128, 620 during the same period; estimated 
peak hour traffic in the peak direction is 2,140 vehicles per lane. 

1-610. This segment of the West Loop is located betwe~n two major 
interchanges and is 1.0 mile long. Since the inside lanes were turned into 

traveled lanes leaving partial inside shoulders (2.5. ft. wide), the analysis 

of this case is based on a before and after improvements comparison. The· 

segment now operates with 10 lanes, ful 1 right shoulders and paved median 
with a CMB, as shown in Figure 11. A frontage road is not available. Exten

sive weaving is required. 

Before improvements, this segment had an average ADT of 164,600; 1980 

peak hour traffic counts in the peak direction was 1,910 vehicles per lane. 

After improvements this segment had an average ADT of 213,500, a considerable 

increase; peak hour traffic was estimated at 2,135 vehicles-per lane. 

SH 286 and SH 358, Corpus Christi. The SH 286 segment with ful 1 inside 

shoulders (10-ft. wide), except no shoulders on bridges, is 3.4 miles long, 

and the SH 358 segment with partial inside shoulders (6-ft. wide) is 3.1 

miles long. A major interchange separates the two segments. Both segments 
operate with six mainlanes, ful 1 right shoulders, and paved medians provided 

with guardrail barriers, as shown in Figure 12. Both segments have full 
length frontage roads and intensive adjacent land uses. 

The segment with ful 1 inside shoulders had an average ADT of 60,580 dur

ing the 1980 through 1983 period; peak hour traffic in the peak direction is 

estimated at 1,620 vehicles per lane. The segment with partial inside 
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shoulders had an average ADT of 74,380 during the same period; peak hour 

traffic in the peak direction is estimated at 1,980 vehicles per lane. 

Overall Accident Rates 

Accident rates have been calculated to compare sections with different 

traffic volumes and/or length. Rates are expressed in terms of accidents per 

million vehicle miles (acc;mvm). These are obtained by dividing the total 

number of accidents by the average ADT and by the subsegment length. Acci

dent rates are then compared using a paired T-test when two subsegments are 
considered to have the same population, or a two-means T-test when, the 

subsegments are considered to be different. Table 9 presents the results of 
the computed T-tests for the various cases studied. In this table, the 

Table 9. Test of Significance on Overall Accident Rates (Unadjusted for AOT) 

- Paired T-test -

Mean Standard Probability of2 

Freeway Samples! Difference Error T-Value Greater T 

SH 183, Dallas 16 0.379 .111 3.43 O.OOLfH 

NS minus FS3 

I-30, Dallas 

NS minus PS 16 0.775 0.091 8.51 0.00010 

NS minus PS 16 0.662 0.087 7.63 0.00010 

PS minus FS 16 -0.113 0.056 -2.0l 0.06 

!Each sample corresponds to the accident rate difference in a three month period. 
2one asterisk~) means statistically significant at the 0.05 level, and two asterisks 

(•~)means very significant at the 0.01 level. 
3NS means no inside shoulders, PS means partial inside shoulders and FS means full in

side shoulders. 
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freeway is identified together with the number of samples, mean difference, 

standard error, T-value, the probability of the T being greater in absolute 

value, and the statistical significance at the 0.05 or .01 levels. These 

comparisons do not account for possible effects due to different congestion 
levels (level-of-service). In addition, freeways with similar peak hour 

levels of service may be congested for differing amounts of time. 

Research by the California Department of Transportation (l!J indicates 
that freeway accidents are directly proportional to ADT for a particular 

facility such as freeways with a given number of lanes. As ADT increases so 

do accident rates. Accident rates for freeways with six-lanes increase 0.007 
per mil lion vehicle miles while those with 8-and 10-lanes increase 0.005 

(_g). This helps to account fort.he higher level of congestion as ADT 

increases. It should be cautioned that this factor may account for other 

factors that influence higher accidents such as closer ramps and more· 

intensive weaving, substandard geometrics, etc., which is more common as a 
motorist approaches business districts associated with higher ADTs. However, 

this is appropriate for the study sections as the ADTs and peak hour volumes 

are higher for the no shoulder sections. Also, the no shoulder sections 
typically have closer ramps, more intensive weaving, and are closer to 

activity centers. Subsequent analysis includes when possible and appropriate 

an adjustment for ADT. These adjustments, when made, are clearly identified 

and the impact of adjustments are noted. 

SH 183, Dal las. The overal 1 rate for the segment with ful 1 inside 

shoulders was found to be 0.97 acc;mvm. In contrast, the segment with no in

side shoulders had a 1.35 rate. Figure 13 displays the above relationship. 

The mean difference between the segments is 0.38 and is significant at the 
0.05 level (size of the critical region for a two-tailed T-test), as shown in 

Table 8. This implies that the segment with no inside shoulders had a higher 
accident rate. 

If the rate of the segment with full inside shoulders is adjusted to 

eliminate differences attributed to ADT, the expected rate of this segment 

would be 1.14 acc;mvm, as shown in Figure 13. As such, accident rate differ

ences wou 1 d become sma 11 er between the segment operating with fu 11 inside 
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shoulders and the segment with no inside shoulders. If the variability of 

the adjusted rate is assumed to be the same as the variability of the ob

served rate, then the recalculated difference is not statistically signifi

cant. This is not a rigorous statistical test, but suggests that the 

differences in accident rates may not be attributed to shoulders. 

The importance of the ADT adjustment is reflected in the fact that the 

peak hour lane densities are similar (1,870 and 1,815 vehicles per lane per 

hour for the no shoulder and full shoulder sections, respectively), yet the 

no shoulder section has an ADT that is 24,000 vehicles per day higher than 

the full shoulder section. The no shoulder section experiences more exten

sive congestion and would be expected to have a higher accident rate. 

1-30, Da 11 as. On this freeway, three segments were studied: the first 

has full inside shoulders (except at overpasses); the second has partial 

inside shoulders; the third has no inside shoulders. The overall accident 

rate for the segment with full inside shoulders is 0.77 acc/mvm, for the 

segment with the partial shoulders is 0.66 acc/mvm, and for the segment with 

no inside shoulders the rate is 1.41. Figure 14 displays the above rates. 

Cl early, the highest accident rate belongs to the section with no inside 

shoulders. AT-test reveals significant differences at the 0.01 level, 

between the segment with no inside shoulder and the other two, as shown in 
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Table 8. The difference between the segment with partial inside· shoulders 

and the segment with full inside shoulders is not statistically significant. 
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1.43 

. No Inside 
Shoulder 

Adjusting for ADT makes the overall accident rates of the full inside 

shoulder segment as compared to the segment with no inside shoulders closer. 

The segment with fu 11 inside shoulders would have an adjusted rate of 0.84 

acc/mvm, as shown in Figure 14; the d-ifferences remain significant. The 

segment with no inside shoulders had a significantly higher rate. The 

differences may not be attributable to the absence of inside shoulders as 

will be shown later in the analysis by lane location. Adjusting for ADT, the 

full inside shoulder segment compared to the segment with partial inside 

shoulders makes the overall accident rates further apart. Yet, differences 

remain not significant, and both segments can be regarded as having the same 

rate. 

US 59, Houston. There is no statistically significant difference in 

accident rates between the two segments. The overall rate for the segment 

with partial inside shoulders was 1.89 acc/mvm, while that for the segment 

with full inside shoulders was 1.66 acc/mvm. Figure 15 shows the above 

rates. There is considerable difference in traffic volumes and number of 

lanes since the segment with full inside shoulders operates with 35 percent 
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more traffic and 10 lanes while the other segment has only six lanes. How
ever, the per lane volumes are higher on the partial shoulder section. A 
two-means T-test to compare differences between segments is not significant, 
as shown in Table 10. · 
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Figure 15. US 59 Overall Accident Rates 

Table 10. Test of Significance on overall Accident-Rates 

- Two-means T-test -

Inside Standard Probability of2 

Shoulder Samples! Mean Error T-Value Greater ITI 

Full 20 1.664 0.072 1.69 0.10 
.. 

Partial 20 1.887 0.111 

Full 8 2.245 0.161 2.28 0.04* 

Partial 8 1.817 0.096 . 
Full 16 1.031 0.095 5.16 0.0001** 

Partial 16 1.749 0.102 

1Each sample corresponds to the accident rate for a three month period. 

2one asterisk (*) means statistically significant at the 0.05 level, and two asterisks 

(**) mean statistically very significant at the 0.01 level. 
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Adjusting for ADT makes the difference negl i·gibl e. Both segments then 

show a 1.89 rate. 

1-610, Houston. The overal 1 rate for the segment, before changes to 

take the inside lane and increase capacity, was 2.24 acc/mvm. The overal 1 

rate for the same segment after conversion dropped to 1.82 acc/mvm, as shown 

in Figure 16. A two-means T-test reflects a significant difference in acci

dent rates between the two periods, as shown in Table 9. The above in

dicates that this segment had a higher accident rate before taking the 

shoulder to provide an extra travel lane. 
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Adjusting for ADT increases makes the ful 1 inside shoulder rate go 
higher thus increasing the difference. 

SH 286 and SH 358, Corpus Christi. The overall rate for the segment 
with full inside shoulders was 1.03 acc/mvm while the segment with no inside 
shoulders was 1.75 acc/mvm, as shown in Figure 17. Since these are two 
segments of different freeways it is obvious that their traffic comes from 
different populations. A two-means T-test indicates a significant difference 
between the two segments, as shown in Table 9. The segment with partial 
inside shoulders had a higher accident rate. 

c 
0 

="' =~ 
::E:: 
...... ::E 
!II I 
.... QI =-QI~ 
":I .c 
- QI 

~> 
~ 

2.0 

1.5 

1.0 

0.5 

_ l.: 1.1_ -· -
1.03 

Full Inside 
Shoulder 

1.75 

Partial Inside 
Shoulder 

Figure 17. SH 286 and SH 358 Overall Accident Rates 

The partial inside shoulder section is more congested with a peak hour 
volume estimated at 1,980 vehicles per lane per hour as compared to only 
1,620 vehicles per lane per hour for the full shoulder section. Adjusting 
for ADT reduces the difference by increasing the full inside shoulder rate to 
1.13 acc/mvm. However, the difference remains statistically significant. As 
wil 1 be shown later, the differences do not appear to be attributable to the 
lack of ful 1 inside shoulders. 
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Analysis By Lane Location on Cross Section 

The analysis of overall accident rates can only be considered meaningful 
if the accidents can be attributed to the absence of shoulders. Accident 
location, especially left shoulder or left lane rates, would likely be higher 
if the lack of a left shoulder was the cause of increased accidents. 
Likewise, if the study sections are comparable, then right lane and right 
shoulder accidents would not likely be different between sections. One might 
expect some possible increase in middle lane accidents due to no left 
shoulder; however, the effect should not be nearly as great as the left 
shoulder or left lane area. 

SH 183, Dallas. Figure 18 shows accident rates and distribution by lane 
for the SH 183 segments operating with full inside shoulders and with no 
inside shoulders. The segment operating with ful 1 inside shoulders has an 
accident rate at the inside shoulders of 0.17 acc/mvm, while the segment 
operating without inside shoulders has an accident rate at the inside should
ers of 0.24 acc/mvm. The difference in rates observed is smal 1 and not 
significant. Looking at the inside lane rates, the full inside shoulder 
segment has a 0.12 accident rate while the no shoulder segment has 0.26 
acc/mvm. The difference of 0.14 acc/mvm is significant at the 0.05 level, 
indicating a higher accident rate for the inside lane of the segment 
operating without inside shoulders. 

The outside lane also shows a high mean difference but the statistical 
test is not significant. No other lane location stands out as significant. 
Table 10 shows T-tests for the difference in accident rates by lane location. 
As may be observed, the probability of T being greater in absolute value is 
under 0.05 only for the inside lane. Each test has only 4 samples, resulting 
in a weak test. One cannot conclude that the SH 183 section without inside 
shoulders has a higher accident rate than the ful 1 shoulder section, given 
that we demonstrated earlier that ADT effects can reasonably be the case of 
the differences. Unfortunately, we do not have a means to adjust for ADT on 
a per lane basis. However, looking at Table 11, it can be seen that the 

45 



c 
0 .. - .. i:: 
':£ .. ' 
~ .. 
c-" .~ 

"Cl ... - .. 
~> 
< 

.so 

. 25 

g .50 = .. - .. i= 
':£ 

.17 

32% 

Inside 
Lane 

.12 

Middle 
Lane 

.29 

.16 

\ 
Outside \ 

Lane 

FULL INSIDE SHOULDER 

38% .36 

.18 

Outside 
Shoulder 

.. ' c ~ .25 .24 .26 
.29 

.. .., 
"'C :c 
~~ 
< 

c 
0 .. = .. 

.50 

:£ ::£ ..... 
! .. 
c- .25 .. ~ ....... ·- .. 
~> 
< .07 

Inside 
Shoulder 

Figure 18. 

Middle 
Lane 

Outside 
Lane 

NO INSIDE SHOULDER 

.14 

Inside 
Lane 

.07 

Middle 
Lane 

DIFFERENCE 

.13 

Outside 
Lane 

(No Shld. minus Full Shld.) 

Outside 
Shoulder 

·.02 

Outside 
Shoulder 

SH 183 Accident Rates by Lane 

46 



Table 11: SH 183 Test of Significance by Location of Accident 

(No Shoulder minus Full Shoulder) 

Mean Standard Error 

Location of Accident samples! Difference of Mean Diff. T-Value 

Inside Shoulder 4 0.072 0.042 1.72 

Inside Lane 4 0.135 0.026 5.26 

Middle Lane 4 0.074 0.030 2.50 

Outside Lane 4 0.128 0.054 2.36 

Outside Shoulder 4 -0.022 0.057 -0.39 

lEach sample provides the accident rate difference in one year. 

Probability of2 

Greater ITI 

0.18 

0.013* 

0.098 

0.10 

0.72 

2ane asterisk (*) statistically means significant at the 0.05 level, and two asterisks (**) 

statistically mean very significant at the 0.01 level. 

outside lane accidents increased nearly as much as the inside lane accidents, 
although the difference is not statistically significant. The results of the 

analysis of this section are not clear. Only in the context of other 
findings and experiences, it is reasonable to conclude that the differences 
may be unrelated to the absence of a left shoulder. 

1-30, Dallas. Figure 19 displays the accident rate distribution for the 
selected I-30 segments operating with ful 1 inside shoulders and with no 
inside shoulders. The segment operating with full inside shoulders has an 
inside shoulder rate of 0.11 acc/mvm compared to 0.26 for the segment with no 
inside shoulders. The difference observed of 0.15 acc/mvm is significant at 

the 0.05 level, reflecting higher accident rates for the segment with no 

inside shoulders. Table 12 shows the statistical results. Comparing the 

inside lanes, the mean difference observed is 0.10 acc/mvm and is not statis
tically significant. 
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Table 12. I-30 Test of Significance.by Location of Accident 

(No Shoulder minus Full Shoulder) 

Mean Standard Error 

Location of Accident Samples1 Difference of Mean Diff. T-Value 

Inside Shoulder 4 0.149 0.034 4.33 

Inside Lane 4 0.102 0.049 2.11 

Middle Lane 4 0.273 0.034 8.14 

Outside Lane 4 0.207 0.058 3.54 

Outside Shoulder 4 -0.065 0.035 -1.87 

lEach sample provides the accident rate difference in one year. 

Probability of2 

Greater IT I 
0.02* 

0.135 

0.004** 

0.048* 

0.16 

2ane asterisk (*) statistically means significant at the 0.05 level, and two asterisks (**) 

statistically mean very significant at the 0.01 level. 

The middle lane of the segment with no inside shoulders had a much 
higher rate than the middle lane of the segment with full inside shoulders; 
it was significant at the 0.01 level. The rate was 0.45 acc/mvm for the 
segment with no inside shoulders and 0.22 acc/mvm for the segment with full 
inside shoulders. Figure 19 shows the above rates and the difference of 0.27 
acc/mvm. There is no apparent cause for such a difference. 

The outside lanes of the segment with no inside shoulders also had a 
higher rate than the same lanes of the segment with full inside shoulders, 
significant at the 0.05 level. Figure 16 shows the respective rates and the 
difference of 0.21 acc/mvm. There is no apparent reason for this difference, 
but ramp weaving may be a factor. 

It would appear that the difference in accidents between sections is the 
resu 1 t of differences in traffic and roadway facto rs in genera 1 gi ven that 
significant differences in accident rates occur at several cross section 
locations. 

Figure 20 shows I-30 accident rates by lane location for the segment 
with full inside shoulders and for the segment with partial inside shoulders. 
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Table 13 shows the T-tests for each lane location and shows that none is 
significantly different. From the T-tests it can be inferred that lane 
accident rates within the segment with partial inside shoulders are not 
different from those in the segment with full inside shoulders. 

Table 13. I-30 Test of Significance By Location of Accident 

(Partial Shoulder minus Full Shoulder) 

Mean Standard Error 

Location of Accident Samples1 Difference of Mean Diff. T-Value 

Inside Shoulder 4 -0.038 0.024 -1.62 

Inside Lane 4 -0.025 0.048 -0.51 

Middle Lane 4 0.051 0.036 1.40 

Outside Lane 4 -0.070 0.028 -2.52 

Outside Shoulder 4 -0.011 0.012 -0.94 

lEach sample provides the accident rate difference in one year. 

Probability of2 

Greater ITI 

0.20 

0.65 

0.26 

0.09 

0.42 

Zane asterisk (*) statistically means significant at the 0.05 level, and two asterisks (**) 

statistically mean very significant at the 0.01 level. 

From Figure 20, the inside shoulder of the segment with partial inside 
shou 1 de rs has a rate of 0.07 acc/mvm, compared to 0.11 for the segment with 
ful 1 inside shoulders. The inside lane of the segment operating with partial 
inside shoulders has a rate of 0.10 acc/mvm compared with 0.12 for the 
segment with full inside shoulders. The partial shoulder section appears to 
function as wel 1 as the ful 1 shoulder section. 

US 59. Houston. Figure 21 shows accident rate distributions for the two 
segments operating before with ful 1 inside shoulders and after with partial 
inside shoulders. The segment with ful 1 inside shoulders has an inside 
shoulder rate of 0.14 acc/mvm, while the segment with partial inside shoul
ders has a rate of 0.22 acc/mvm for a difference of 0.08. This is not a 
significant difference, as shown in Table 14. The inside lane difference is 
even sma 11 er at 0.01 acc/mvm. 
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Location of 

Accident 

Inside Shoulder 

Inside Lane 

Middle Lane 

Outside Lanes/ 

/Lane3 

Outside Shoulder 

Table 14. US 59 Test of Significance by Location 

(Partial Shoulder versus Full Shoulder) 

In~;ide Standard 

Shoulder Samples Mean Error T-Value 

Partial 5 0.218 0.058 l.23 

Full 5 0.143 0.019 

Partial 5 0.412 0.051 0.13 

Full 5 0.405 0.016 

Partial 5 0.477 0.055 -1.76 

Full 5 0.590 0.033 

Partial 5 0.455 0.067 4.6 

Full 5 0.123 0.018 

Partial 5 0.182 0.018 3.29 

Full 5 0.112 0.011 
1Each sample provides the accident rate for one year. 

Probability 

Greater lTl 

0.26 

0.90 

0.12 

o.ooau 

0.011• -

2one asterisk (•) statistically means significant at the 0.05 level, and two asterisks (:t"A-) 

statistically mean very significant at the 0.01 level. 
3rhe n1.J11ber of outside lanes is different on the two sections, so the analysis is performed on a 

per lane basis. 

The only significant differences are found on the outside lane and 

outside shou 1 de rs. The segment with fu 11 inside shou 1 de rs has a rate of 0.11 

while the section with no inside shoulders shows a rate of 0.13 for a 

difference 0.07. The outside lane for the segment provided with ful 1 inside 

shoulders had a rate per lane of 0.12 as compared with a rate of 0.45 for 

the partial shoulder section. These differences would not be related to the 
less than ful 1 width inside shoulder. 

1-610, Houston. Figure 22 shows accident rate distribution for before 

and after on this segment. The inside shoulder rate before improvements to 

take inside shoulders to add capacity was 0.25 acc/mvm. After improvements, 
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it went down to 0.12 acc/mvm or a drop of 0.13. This is significant at the 

0.05 level, as shown in Table 15. The inside lane difference is smaller, a 

Table 15. I-610, Houston Test of Significance by Location 

(Partial Shoulder minus Full Shoulder) 

Location of Inside Samples1 Mean Standard T Probability of 

Accident Shoulder Error Greater T 2 

Inside Shoulder Full 4 0.250 0.037 -3.46 O.OJt 

Partial 4 0.117 0.009 

inside Lane Full 4 0.443 0.147 -0.22 0.83 

Partial 4 0.406 0.087 

Middle Lane Full 4 0.779 0.059 -0.69 0.52 

Partial 4 o. 711 0.079 

Outside Lanes Full 4 0.307 0.013 -8.87 O.QQl.U 

/Lane3 Partial 4 0.148 0.012 

Outside Shoulder Full 4 0.158 0.024 -1.87 0.11 

Partial 4 0.100 0.021 

1Each sample provides the accident rate for one year. 

2one asterisk(•) statistically means significant at the 0.05 level, and two 

asterisks (u) statistically mean very significant at the 0.01 level. 
3rhe change from 4 directional to 5 directional lanes requires that the outside lanes 

oe analyzed on a per lane basis. 

reduction of only 0.03 acc/mvm and is not significant. Combined, the inside 

shoulder and inside lane accidents of the segment with ful 1 shoulders add to 
31 percent of all period accidents, and to 29 percent of al 1 period accidents 

after the full inside shoulders were eliminated. The above indicates that 

the removing of the inside shoulders to add capacity by providing inside 

lanes reduced accident rates along the median related lanes. 

It should be noted that all other lanes went down in accident rates, 

although only the outer lanes are significant. The outside lane rate 
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decreased from 0.31 acc/mvm to 0.15 acc/mvm or 52 percent. The ana 1 ysi s of 

outside lanes must be qualified by the need to adjust outside lane rates due 
to the variable number of lanes before and after. This adjustment is 

necessary because al 1 lanes except the left lane and the adjacent lane (in
side lane by definition) are considered outside lanes on the accident re

ports. These particular improvements were made to eliminate a bottleneck on 
this circumferential freeway and by doing so, the capacity and the ADT in

creased substantially. Based on the above it may be inferred that partially 
removing the inside shoulder helped to bring accident rates down without 

reducing safety along the median. 

SH 286 and SH 358, Corpus Christi. Figure 23 shows accident rate dis

tribution for these two segments, SH 286 with ful 1 inside shoulders and SH 

358 with partial inside shoulders. The segment with full inside shoulders 

has a slightly higher inside shoulder rate at 0.23 acc/mvm, while the segment 

with partial inside shoulders has an inside shoulder rate of 0.18 acc/mvm. 

This 0.05 difference is not a significant, as observed in Table 16. 

Table 16. SH 286 and SH 358, Corpus Christi Test of Significance by Location 

(Partial Shoulder minus Full Shoulder) 

Inside Standard Probability or2 

Location Shoulder Samples! Mean Error T-Value Greater T 

Inside Shoulder Full 4 0.227 0.024 -1.09 0.32 

Partial 4 0.183 0.032 

Inside Lane Full 4 0.146 0.035 1.50 0.18 

Partial 4 0.203 0.015 

Middle Lane Full 4 0.261 0.056 2.92 0.0.Jt 

Partial 4 0.474 0.046 

Outside Lane Full 4 0.184 0.027 6.92 o.ooosu 

Partial 4 0.578 0.050 

Outside Shoulder Full 4 0.153 0.011 -0.56 0.59 

Partial 4 0.139 0.020 

!Each sample provides the accident rate for one year. 
2one asterisk (+) statistically means significant at the 0.05 level, and two asterisks 

(ht) statistically mean very significant at the 0.01 level. 
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The inside lane difference is not significant and of similar magnitude as 

that of the inside shoulders but reversed. Overal 1, the inside shoulders and 
lanes added have about the same accident rate for both segments. 

Significant differences in accident rates are found at the middle and 

outside lanes (see Table 15). Together these account for 0.61 acc/mvm or 85 
percent of the overall difference in accident rates. The reason for the 

much higher rates in the middle and outside lanes of the segment with the 
partial inside shoulders is not known, but accidents along the median are not 

directly contributing to the significant difference in overall segment rates. 

It would appear that the differences in overall accident rates are not 

shoulder related. It is likely that the difference in accidents is related 
to the difference in traffic conditions on the two segments. As indicated 

earlier, the partial shoulder section operates near capacity with an esti

mated peak hour volume of 1,980 vehicles per lane per hour. The partial -

shoulder section operates at a higher level-of-service, with the peak hour 
volume estimated to be 1,620 vehicles per lane per hour. 

Two cases have been compared where freeway segments operate with ful 1 

inside shoulders and with no inside shoulders. These cases, SH 183 and I-30 
in Dal las, had significantly higher rates in one of the median related lanes 

(inside shoulders or inside lanes) of the segment with no inside shoulders. 

The cause of these differences is possible ADT effects in the SH 183 case and 
by other traffic factors in the I-30 case. 

Four cases present freeways with partial inside shoulders versus those 

with full inside shoulders. The I-610 case in Houston is a before and after 

study and should not be directly compared with the other two cases. The I-
610 case is consistent with other before and after studies (and also consis

tent with the California analysis which follows). I-30 in Dallas, US 59 in 

Houston and SH 286/SH 358 in Corpus Christi provide an interesting view of 

accident distribution. In terms of median related accident rates the seg

ments with partial inside shoulders have about the same or slightly lower 

rates, than the segments with full inside shoulders. 
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The ge~eral conclusion based on the limited Texas data is that partial 

inside shoulders (as 1 ittle as 3 ft. and no more than 6 ft.) appear to be as 

effective as full shoulders. No left shoulder section (2 ft. or less) re
sults are not as definitive in that some judgment is required in interpreting 
the resu 1 ts. It is reasonab 1 e to cone 1 ude that traffic factors (primari 1 y 

congestion) are the cause of accident rate differences. In the SH 183 case, 

the effects of ADT can be demonstrated. In the case of I-30, potential 

congestion effects do not appear to explain accident rate differences. How

ever, in the I-30 case, accident rate differences are distributed across the 

cross section to such an extent that other traffic or roadway factors can be 
reasonably speculated to be a primary cause. These conclusions are 

consistent with the analysis of the California data presented later in the 
report. 

Accident Severity 

Another very important issue on freeway safety is the level of damages 

or severity associated with accidents. The availability of an inside 

shoulders also may affect the severity of accidents. For example, if a car 

stalls on the inside lane of a freeway where there is no shoulder to park the 

vehicle fol lowing may impact the stopped car. The fol lowing analysis 
suggests that c~anges in severity are not taking place. In this section 

freeway segments are compared based on the severity of accidents. The DPS 

defines severity in five categories. These are fatal, incapacitating in
jury, non-incapacitating injury, possible injury and non-injury. 

A convenient way to investigate the severity of accidents is to deter

mine the percent of each segment ace i dents that fa 11 s under each category. 
Percentages are obtained by dividing the number of accidents in each category 

for a given segment by the total accidents in that segment and multiplying 

by one hundred. Segments of the same freeway or case are then compared to 

detect any abnormalities that can be attributed to the availability or lack 
of inside shoulders. Emphasis is placed on severe accidents, those resulting 

in fatal and incapacitating injuries, since these have a greater social and 

economic cost. Bar charts pairing segments have been used to graphically 

describe accident distribution by severity for each case studied. 
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Severity Distributions. Figures 24-29 show the cases investigated 
• 

comparing segments with ful 1 inside shoulders against those with partial or 

no inside shoulders. 

On SH 183 (Figure 24) the two segments are very simi 1 ar in all cate

gories. Fatalities constitute less than half a percent while incapacitating 

accidents are about six percent. These two categories combined, herein 

defined as serious accidents, add to 6.8 and 5.8 percent for the full insid.e 

shoulder and the no inside shoulder segments, respectively. Non-incapaci

tating, possible injuries and non-injury categories constitute the balance. 

The non-injury accidents, commonly cal led 11 property damage only 11 are well 

over half of a 11 accidents. 

On I-30 (Figure 25), fatalities and incapacitating accidents add to 8.9 

percent on the segment with full inside shoulders and to only 5.1 percent in· 

the segment with no inside shoulders. Differences may be significant but 

there is insufficient data for a more rigorous statistical analysis. How

ever, 1 ike SH-183, serious accidents are a lower percent of all segment 

accidents on the segment operating with no shoulders. 

I-610 (Figure 26) shows the same relationship. Fatal accidents are 

slightly higher on the segment with no inside shoulder, but serious accidents 

are a lower percent of al 1 segment accidents (in this case, the same segment 

but before and after). The I-30 (Figure 27) serious accidents on the seg

ment with ful 1 inside shoulders add to 8.9 percent while the segment with 

partial inside shoulders show 7.1 percent. In Corpus Christi (Figure 28), 

the segment with ful 1 inside shoulders reflects 5.5 percent of al 1 accident 

being serious while on the segment with the partial inside shoulders this 

percentage adds to 3.4. 

Looking at US 59 (Figure 29), fatalities are slightly hi9her for the 

section with partial inside shoulders, but combined serious accidents are a 

1 ower percent. That is, they add to 4.4 percent on the segment with fu 11 

inside shoulders and to 4.0 percent for the segment with partial inside 

shoulders. 
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The above perspective, although simplistic, indicates that partial or no 
inside shoulders do not have a negative effect on the distribution of serious 
accidents. It is 1 ikely that serious accidents are a smal 1 percentage of 
total accidents because the sections with higher accident rates are the 
result of congestion caused accidents. A more precise way of looking at 
severity is based on rates, but this method also has some limitations, 
speci fi ca 11 y the variability introduced by the use of ADT. The percentage 
method used above eliminates that drawback. Severity rates are presented in 
the next section. 

Severity Rates. Severity rates, based on the ratio of accidents to 
vehicle miles of travel, al low for direct comparisons between segments of the 
same freeway with different shoulder treatments. Figure 30 displays the 
accident rate by severity category for the segments with and without inside 
shoulders on SH 183. The number of fatal accidents is less than 0.005 per 
million vehicle miles in either segment. Serious accidents, incapacitating 
injuries together with fatalities, constitute 0.063 acc/mvm on the segment 
with ful 1 inside shoulders and 0.007 acc/mvm on the segment with no inside 
shoulders. Thus, the segment with no inside shoulders shows a rate about 22 
percent higher. From Figure 30 it is evident that the majority of accidents 
are non-serious, but the segment operating with no inside shoulders shows the 
higher rates. Looking at Figure 31, the difference in accident rates between 
the segment with ful 1 inside shoulders and that with no inside shoulders can 
be seen. Ninety-six percent of the difference in accident rates between 
those segments is attributed to non-serious accidents. Serious accidents 
contribute .014 acc/mvm, or about 4 percent of a total difference of 0.379 
acc/mvm. 

Figure 32 presents accident severity rates for I-30. Fatal accidents 
are higher on the segment with no inside shoulders; however, serious acci
dents are not that different. Serious accidents add to 0.066 acc/mvm on the 
segment with full inside shoulders and to 0.072 on the segment with no inside 
shoulders. The rate of the segment with no inside shoulders is about 8 
percent higher. Figure 33 portrays the difference for al 1 severity cate
gories. Over 99 percent of the difference is attributed to non-serious 

64 



::;: 
I 
QI -u ·-.c: 
Qj 

::> 
c 
0 ·--·-::;: 

...... 
<II .... 
c: 

.8 

.6 

.4 

Qj 

"'O .2 -u 
u 
~ 

.003 .004 
Fatal lncapaci· 

tating 

0.22 

Non· 
incapacl· 

ta ting 

Possible 
Injury 

Figure 30. SH 183 Overall Accident Severity Rates by Category 

.3 
I 
QI -u ·-.c: 
Qj 

::> .2 
c: 
0 ·-

.1 

Figure 31. 

.001 
Fatal 

SH 183 

0.08 
0.06 

.013 

Incapaci· Non· . Possible 
ta ting incapac1· Injury 

ta ting 

Severity Rates, by Segment No Shoulder minus Full 

65 

Non-Injury 

0.23 

Non-Injury 

Shoulder 



.8 0.76 

:;: 
I 
QI 

] .6 
.c 
QI 

> 
c 
0 ·---:;: 

........ 

"' .. 
c 
QI 
'ti -u 
u 

<t: 

II) 

QI -::;: 
I 
QI -u ·-.c 
QI 

> 
c:: 
0 ... --... ::;: 

........ 

"' .. 
c:: 
QI 
'ti 
u 
u 

<t: 

.4 

.2 

.3 

.2 

.1 . 

.018·024 

Fatal Incapaci
tating 

0.30 

Non
incapaci-

tating 

0.29 

Possible 
Injury 

Figure 32. I-30 Overall Accident Severity Rate 

.006 
I 

Fatal 
I 0.00 

Incapaci
tating 

0.11 

Non· 
incapaci

tating 

0.16 

Possible 
Injury 

Non-Injury 

0.38 

rd .. 

Non-Injury 

Figure 33. I-30 Severity Rate Differences Between Segments No Shoulder 
mi nus Full Shoulder 

66 



accidents since serious accidents contribute only .006 acc/mvm out of a total 
difference of 0.769. 

Severity rates for I-610 are shown in Figure 34. Once more, fatal ac
cidents are shown to occur at a higher rate on the segment with no inside 
shoulders. Yet, in this case there is a considerable difference in serious 
accident rates. Serious accidents add to 0.091 acc/mvm on the segment with 
full inside shoulders and to 0.058 acc/mvm on the segment with no inside 
shoulders. The serious accident rate of the segment with full inside should
ers is 57 percent higher. Figure 35 portrays the differences in more detail. 
Notice that most of the difference is due to non-serious accidents, in speci
fic to the non-injury category. 

Figure 36 presents accident severity rates f.or I-30. Fatal accident 
rates decline (see Figure 37) with the use of partial inside shoulders~ 
Other categories al so decline. Serious accident rates add to 0.066 acc/mvm 
on the segment with ful 1 inside shoulders and to 0.045 acc/mvm on the segment 
with the partial inside shoulders. The serious accident rate of the segment 
with partial inside shoulders is about 32 percent lower, and this may be 
significant. Al so, the reduction in serious accident rate contributes 0.021 

acc/mvm out of a total of 0.111 or 19 percent of the total difference. 

Severity rates for SH 286 and SH 358 are shown in Figure 38. Fatal ac
cidents slightly increase with the use of partial inside shoulders. As wil 1 
be shown later, this is due to only one more fatal accident. Serious acci
dents add to 0.057 acc/mvm on the segment with ful 1 inside shoulders and to 
0.058 acc/mvm on the segment with partial inside shoulders. The difference 
is very smal 1 and negligible. Looking at Figure 39, the nature of the 
accident rate increase that makes the segment with partial inside shoulders 
significantly higher can be easily discerned, that is, non-serious acci
dents. 

Severity rates for US 59 are shown in Figures 40 and 41. Fatal acci
dents are higher for the segment with no inside shoulder than for the seg
ments with ful 1 inside shoulders. Nevertheless, both segments have the same 
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rate of serious accidents, 0.092 acc/mvm. Since there is no difference, 
serious accidents do not contribute to the difference in accident rates. 

Accident sevsrity rates seem to indicate that fatalities and incapaci
tating injuries are independent of conclusions drawn on the safety of inside 
shoulders based on overall accidents. Based on this analysis it seems likely 
that serious accidents are independent of the presence of inside shoulders. 
However, severe accidents are rare event within the study segments, and the 
few observations available from DPS files do not permit more powerful 
statistical tests. An analysis of accident rates by severity of accidents 
occurring solely on the inside shoulder and inside lane would be desirable 
but the number of reported accidents is very limited. Nevertheless, further 
understanding of those subcategories may be gained by looking at the frequen
cy of selected type accidents. 

Infrequent Accidents By Lane 

To understand the nature of specific accident types such as those in
volving pedestrians, it is desirable to break down observations by lane and 
severity. Unfortunately, the more the accidents are subdivided, the fewer 
the number of recorded accidents, and the fewer the number of samples that 
can be obtained to perform statistical analyses. Tables 17 through 21 
present the frequency of accidents involving pedestrians, parked cars or 
resulting in fatalities. Segment observations are summarized for the 
selected period of time by each shoulder treatment. 

Several subjective generalizations can be made looking at these tables 
as a group. First, in each group there are many empty eel ls or lack of 
accident observations. Most are shown as single digit observations 
reflecting five or less accidents. For obvious reasons, little can be done 
to perform rigorous statistical tests. Second, except for accidents 
involving parked vehicles on outside shoulders, lane location seems random, 
and the effect of any particular shoulder treatment is unpredictable based on 
available observations. Third, when inside shoulders and inside lanes are 
combined, more observations of these "rare" type accidents show up for full 
inside shoulder segments than for no inside shoulder segments (13 against 8). 
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Table 17. SH 183 Infrequent Accidents (1980-1983) 

Pedestrian Parked Vehicle Fatal 

Location 

of Shouldersl Shoulders Shoulders 

Impact Full None Full None Full None 

Inside Shoulder -- -- l -- -- --
Inside Lane -- 1 -- -- Location l 

Middle Lane -- 4 -- -- Not --
Outside Lane -- l l l Given --
Outside Shoulder -- -- 13 17 -- l 

TOT PL 0 6 15 18 l 2 

111Shoulders11 refers to the segment studies. ''Full" have inside shoulders 8 or 

more ft. wide. ''None" have inside shoulders O to 2 ft. wide. 

Table 18. I-30 Infrequent Accidents (1980-1983) 

Pedestrian Parked Vehicle Fatal 

Location Shouldersl Shoulders Shoulders 

of 

Impact Full Partial None Full Partial None Full Partial 

Inside Shoulder l -- -- 2 -- -- 2 --
Inside Lane -- -- -- -- -- -- l l 

Middle Lane -- l l -- -- -- 2 --
Outside Lane -- -- l -- -- -- -- --
Outside Shoulder -- -- 1 16 7 5 -- l 

TOT PL 1 1 3 18 7 5 5 2 

f'01e 

--
--

1 

--
2 

3 

111shoulders" refers to the segment studied. "Full" have inside shoulders 8 or more ft. wide. 

"None" have inside shoulders 0 to 2 ft. wide. "Partial" have inside shoulders 3 to 7 ft. 

wide. 
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Table 19. SH 286 and SH 358 Infrequent Accidents (1980-1983) 

Pedestrian Parked Vehicle Fatal 

Location 

of Shoulders1 Shoulders Shoulders 

Impact Full Partial Full Partial Full Partial 

Inside Shoulder -- -- -- 1 3 --
Inside Lane -- 2 -- 1 -- --
Middle Lane -- -- 1 1 -- --
Outside Lane -- 2 -- 1 -- 3 

Outside Shoulder -- 1 5 5 -- 1 

TOT PL -- 5 6 9 3 4 

111Shoulders11 refers to the segment studied, in this case SH 286 with ful 1 

inside shoulders and SH 358 with partial inside shoulders. "Full" have 

inside shoulders 8 or more ft. wide. "Partial" have inside shoulders 3 to 7 

ft. wide. 

Table 20. 1-610 Infrequent Accidents (1980-1983) 

Pedestrian Parked Vehicle Fatal 

Location Shoulders1 Shoulders Shoulders 

of (Before) (After) (Before) (After) (Before) (After) 

Impact Full Partial Full Partial Full Partial 

Inside Shoulder -- -- 3 -- -- 1 

Inside Lane -- 2 -- -- -- 2 

Middle Lane -- -- -- -- 1 --
Outside Lane -- 1 -- -- -- 1 

Outside Shoulder -- 1 6 4 -- --
TOT PL -- 4 9 4 1 4 

!"Shoulders" refers to the segment studied, in this case the same segment of I-610 

before or after improvements. "Full" have inside shoulders 8 or more it. wide. 

"None" have inside shoulders O to 2 ft. wide. 
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Overal 1, these tables confirm the random nature of this type of acci

dent rather than to support any previous expectation. The exception is the 

higher occurrence of parked car accidents on the outside shoulders and, even 

here, the limited number of observations precludes more powerful tests. 

Sunmary of Inside Shoulder Accident Evaluation 

The analysis of the study locations suggests that traffic factors and to 
some extent roadway (other than shoulder) factors are contributing to the 
accident differences. The findings can be most strongly stated in terms of 
what is not occurring. There is no evidence of any patterns that conclusive

ly support the notion that the lack of inside shoulders contribute to in
creased accidents. 

Table 21. US 59 Infrequent Accidents (1980-1984) 

Pedestrian Parked Vehicle Fatal 

Location 

of Shouldersl Shoulders Shoulders 

Impact Full Partial Full Partial Full Partial 

Inside Shoulder -- -- 2 -- -- --
Inside Lane -- -- -- -- l l 

Middle Lane l l -- -- -- 3 

Outside Lane l -- -- -- l --
Outside Shoulder l -- 7 5 l --

TOTAL 3 l 9 5 3 4 

111Shoulders11 refers to the segment studied. "Full" have inside shoulders 8 

or more ft. wide. "Partial" have inside shoulders 3 to 7 ft. wide. 

The analysis of infrequent accidents al so suggests that no pattern of 

severe accidents can be attributed to the absence of left shoulders. 

Increases in accidents that so occur (for whatever reason) are not of the 
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serious type. This finding is also consistent with the notion that accident 
differences that occur are primarily traffic related. That is, the result of 
more congested operation. 

The judgments made here could be considered speculative if it were not 
for the extensive experience with shoulder removals presented later in the 
report. The data presented here indicates the lack of a clearly definable 
problem attributable to the absence of a left shoulder. 
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THE CALIFORNIA EXPERIENCE WITH SHOULDER REDUCTION PROJECTS 

California has been using shoulders to increase the capacity of freeway 

segments since the early 1970's. Some of these were the subject of previous 

reports (14, li' l§_, ,!Z). This evaluation of freeway segments in California 

is done in coordination and cooperation with the California Department of 

Transportation (CALTRANS). This study was successful in drawing supportable 

conclusions because CALTRANS and the Department were concerned about finding 

an answer to the shoulder safety issu~ 

Freeway segments that went from ful 1 shoulders to reduced shoulders were 

selected for a before-and-after accident analy~is. Most cases studied 

involved inside shoulders; some involve outside shoulders. The segments 

studied are located in the Los Angel es, San Francisco and San Diego urbanized 

areas. 

The various cases have been grouped into those where part or al 1 of the 

width of inside shoulders have been taken as a travel lane and those with 

outside shoulder treatments. Since shoulder treatments may have an effect on 

upstream and downstream accidents, some of the sites immediately adjacent 

were al so investigated. It can be surmised that, when the capacity of a 

segment is increased to remove a bottleneck, the site upstream may experience 

an accident reduction if it was experiencing congestion from a downstream 

bottleneck. When possible, the site downstream of the study section was a 1 so 

evaluated to determine if accidents were increased due to the creation of a 

downstream bottleneck. Likewise, sections upstream of study sections were 

evaluated for possible benefits due to reduced downstream congestion. 

Computerized accident files recorded by the California Highway Patrol 

and maintained by the California Department of Transportation have been used 

as the principal source of accident data. Years 1974 through 1984 were 

available for analysis. Variables used to select each accident included 

mainlane accidents only (thus excluding ramps), direction traveled and others 

required to identify the segment. The above data was processed using the 
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Statistical Analysis System (SAS) programs to summarize segment accidents, 

calculate accident rates, and to compare rate differences by using a two
means T-test. Histograms of accidents recorded each tenth of a mi 1ea1 ong 

each segment also were printed to detect any abnormalities between before and 

after conditions. 

It should be noted that the analysis of accidents is limited by the 

available number of study sites and their location. Statistical analysis is 

used as a tool to aid in the analysis. The 1 imited number of sites available 

and their location makes more powerful statistical testing with control cases 
infeasible. Nevertheless, the preponderance of evidence supported by the 
statistical techniques available supports informed judgments concerning the 

appropriateness of certain actions. 

Inside Shoulder Treatments 

Characteristics of Segments Studied 

Segments where inside shoulders were removed to use as a travel 1 ane are 

shown in Table 22. Of the 12, seven are 1 ocated in Los Angel es County, and 

one each in Orange, Marin, Alameda, Contra Costa and San Diego Counties. 

Many of these segments are under one mi 1 e in 1 ength and, except for I-405, 

a 11 continuous subsegments are under two mi 1 es. The I-10 segments are each 

the sum of eastbound and westbound subsegments in order to provide enough 

accidents for statistical analysis. 

Prior to restriping each segment had a full inside shoulder which was 

later used as a travel lane. For study purposes shoulders two-ft. wide or 

narrower are considered as "no shoulder", those three to seven-ft. wide are 

considered "partial shoulder", and those eight or more ft. are considered 

"ful 1 shoulder". Thus, there were six cases with no inside shoulders and six 

with partial inside shoulders after restriping. Ful 1 right shoulders are 

provided in al 1 cases except for I-580 where the right shoulder previously 

used as an auxiliary lane was turned into a permissive (peak period) lane 

after restriping, and the two I-10 cases where the right shoulder was 

restored by remova 1 of the 1 eft shoulder. 
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Route and 

County 

1. I-5 

Los Angeles 

2. I-5 

Los Angeles 

3. I-10 

Los Angeles 

4. 1-10 

Los Angeles 

5. CA-22 

Orange 

6. CA-60 

Los Angeles 

7. US-101 

Los Angeles 

8. 1-405 

Los Angeles 

9. US-101 

Marin 

10. 1-580 

Alameda 

11. 1-680 

Contra Costa 

12. CA-94 

San Diego 

Table 22. Characteristics of Cslifornia Freeways 

where Inside Shoulders were Removed 

Beg. Mile Length, Cross Section 

Post -Direction Period Left Main Right 

Shoulder Lanes Shoulder 

36.65 l.34mi., Before 10' 4-12' 10' 

SB After 3' 5-11' 10' 

37.80 0.69mi., Before 10' 4-12' 10' 

NB After 3' 5-11' 10' 

9.35E l.4lmi., Before 10' 5-11' 2' 

9.40W EB, WB After 2' 5-11' 10' 

ll.22E 2.28mi., Before 10' 5-11' 2' 

ll.21W EB, WB After 2' 5-11' 10' 

5.82 3.25mi., Before 10' 3-12' 8' 

WB After 2' 3-11' 8' 

+11'AL2 

15.16 0.68mi., Before 10' 4-12' 8' 

EB After 3' 5-11' 8' 

16.13 0.67mi., Before 8' 4-12' 10' 

NB After 3' 5-11' 10' 

30.17 7. 72mi., Before 10' 4-12' 10' 

NB After 3' 5-11' 10' 

14.80 o. 3lmi., Before 8' 3-12 1 10' 

SB After 2' 4-11' 8' 

42.74 0.6lmi., Before 8' 4-12 1 0' 

+lO'AL 2 

EB After l' 5-11' 0' 

+l0 1 PL3 

17.90 0.38mi., Before 10' 3-12 1 10' 

SB After 2' 4-11' 10' 

5.09 l.13mi., Before 8' 4-12' 8' 

EB After 3' 5-11' 3' 

1Estimated (peak hour volune times 0.6 divided by nunber of directional lanes). 
2AL = Full time auxiliary lane. 
3PL = Part time auxiliary lane. 
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ADT Peak Hour Vehicles 

Volune per Lane1 

119,500 11,300 1,700 

133,200 12,380 1,490 

119,500 11,300 1,700 

133,200 12,380 1,490 

205,300 16,030 1,920 

219,800 17,430 2,090 

227,300 18,500 2,220 

218,800 18,030 2,160 

123,700 10,990 2,200 

168,700 12,600 1,890 

121,300 11,820 1,770 

112,000 11,450 1,370 

237,700 18,230 2,730 

265,300 20,500 2,460 

167,500 13,480 2,020 

201,300 16,630 2,000 

97,800 10,740 2,150 

106,000 11,600 1,740 

161,800 15,350 1,840 

166,900 15,830 1,580 

122,000 13,450 2,690 

133,000 14,670 2,200 

90,500 10,500 1,580 

106,800 12,250 1,470 



The average daily traffic (ADT) shown in Table 22 is a composite of the 

period covered before or after restriping. 
100,000 vehicles per day for a 11 segments. 

The ADT is c 1 ose to or above 

The ADT and peak hour traffic 

were obtained from th~ respective yearly Traffic Volumes on California State 
Highways(!.§) published by the California Department of Transportation. 

Vehicles per lane is an estimate based on peak hour traffic multiplied by 0.6 

to account for the peak direction traffic and divided by the number of 

mainlanes available along each segment. 

Procedure 

Overal 1 accident rates have been calculated to compare a freeway segment 

prior to restriping with the same segment after restriping. Accidents are 

first summed for each quarter or semester, (6 months), as appropriate, to 

obtain good samples (cells). Sample accidents are divided by vehicle-miles. 

to calculate accidents per mil lion vehicle-miles. Once this is done for the 

period before and the period after restriping, both periods are compared 

using a two-means T-test. As designed, this test helps determine if the 
rate, after restriping, is higher or lower than before restriping and if such 

difference is statistically significant. 

Uveral 1 accident rates include accidents classified as highway type 

only, and exclude those regarded as intersection or ramp. Accidents are 

grouped by direction of travel on the freeway. The ADT used to obtain rates 

is bidirectional and is therefore divided by two for analysis. Segment 

accidents are then plotted by direction every tenth of a mile. This is used 

to check any abnormalities such as exceedingly high accident locations and 

shifts along the freeway as capacity is increased. 

Segment Comparisons 

Table 23 shows accident rates for each case previously described in 
Table 22. Means (rates) are given for the period before and the period after 
restriping. Results of the T-test to determine how the after accidents 

compare with the before accidents also are included. These are the T-value, 
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Seg. 

No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Table 23. Overall Accident Rates on California Freeways Where 

Inside Shoulders were Removed 

Freeway, County Mean 

Length, Direction Period Samples1 (Acc/MVM) T-Value 

I-5, LOS Angeles Before 7/15-6/78 12 1.066 1.08 

(1.34 mi., SB) After 7179-6/82 12 1.288 

I-5, LOS Angeles Before 7/75-6/78 6 1.178 -1.65 

(0.69 mi., NB) After 7179-6/82 6 0.784 

I-10, Los Angeles Before l/76-12/79 16 0.764 -3.88 

(1.41 mi., EB, WB) After 1/81-12/84 16 0.417 

I-10, Los Angeles Before 1/76-12/79 16 1.859 -2.87 

(2.28 mi., EB, WB) After 1/81-12/84 16 1.241 

CA-22, Orange Before l/77-6/80 14 0.829 -2.33 

(3.25 mi., WB) After 4/82-12/84 11 0.617 

CA-60, Los Angeles Before l/79-6/81 5 0.905 -2.00 

(0.68 mi., EB) After 1/83-12/84 4 0.683 

US-101, LOS Angeles Before l/79-12/81 12 0.789 -0.65 

(0.67 mi., NB) After 10/82-12/84 9 0.685 

I-405, Los Angeles Before 1/74-3/75 5 0.793 2.90 

(7. 72 mi., NB) After 4/77-12/79 11 l.0583 

US-101, Marin Before 1/80-6/82 5 0.649 -0.82 

(0.31 mi., SB) After 1/83-12/84 4 0.422 

I-580, Alameda Before 1/79-9/81 11 1.964 -2.33 

(0.61 mi., EB) After 4/82-12/84 11 1.4664 

I-680, Contra Costa Before 1/80-12/81 4 1.066 -0.22 

(0.38 mi., SB) After 7/82-12/83 3 1.015 

CA-94, San Diego Before l/76-12/79 8 0.621 -0.69 

(l.13mi., EB) After 1/81-12/84 8 0.556 

1Each sample corresponds to the accident rate for a three month period. 

Probability of2 

Greater I Tl 

0.29 

0.13 

0.001** 

0.009** 

0.03* 
-

0.09 

0.53 

0.01* 

0.5 

0.03* 

0.84 

0.50 

2one asterisk(*) means statistically significant at the 0.05 level, and two asterisks (**)means 

statistically significant at the 0.01 level. 

3See text for explanation of increase. 
4see text for description of project. 
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the probability that the T-value is greater in absolute value, a·nd whether 
the test is statistically significant as identified by asterisks. 

I-5, Los Angeles. Results of T-test on Segments 1 and 2 indicate that 
there was no significant difference in accident rates before and after re
striping. The first segment, I-5 southbound, had 1.07 acc/mvm prior to 

restri ping and 1.29 acc/mvm after. Figure 42 shows this rel ati onshi p. Seg
ment 1 was operating with a full inside shoulder, four mainl anes and a full 
outside shoulder prior to improvements. After restriping the segment had a 
partial inside shoulder (3-ft. wide), five mainlanes and a full outside 
shoulder. Table 22 outlines these physical characteristics. 

The number of accident samples is good for Segment 1, where accident 
data for 12 quarters was available for before and· after comparison. Acci
dents (observations) per sample were fair in that some samples had 5 or less 
observations per quarter. Frequency bar charts of accidents recorded within 
every tenth of a mile along this segment reflect higher rates at milepoints 
36.8 and 37.5 after restriping. However, these increases are not large 
enough to change the before and after difference in accident rates to a 
statistically significant level~ No shift in accident pattern toward the 
downstream end can be detected after improvements. 

Segment 2, I-5 northbound, had 1.18 acc/mvm before restriping and 0.78 
acc/mvm after. The accident rate went down but the difference is not statis
tically significant. Figure 43 shows this relationship. Geometric 
characteristics are similar to Segment l; the principal treatment took an 
inside shoulder and turned it into an additional travel lane, leaving a 
partial inside shoulder (3-ft. wide). 

The number of accident samples for the above segment are fair because 
they had to be grouped into six-month semesters, rather than quarters, due to 
the 1 imited number of observations. Thus, accident samples al so are fair 
with a few having five or less observations. Frequency bar charts are 
stable, with minor differences between before and after that may be 
attributed to sample variability, but with no statistical significance. 
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1-10, Los Angeles. The T-tests on Segments.3 and 4 show a significant 

decrease in each case. Segment 3, with a total length of 1.41 miles 

including eastbound and westbound subsegments, had 0.76 acc/mvm prior to 

restriping and 0.42 acc/mvm after.· Initially, the segment was operating with 

ful 1 inside shoulders, five mainlanes, but no outside shoulder (2-ft. wide). 
Restriping shifted mainlanes toward the median, thus providing full outside 

shoulders but no inside shoulders and retaining the same number of lanes. 

Figure 44 graphically shows this rate relationship. 

Statistically, segment 3 samples are fair although the number of sam
ples, 16, for each period is good. The frequency bar chart reflects no 

abnormality nor considerable shift in pattern, even though accident reduc
tions can be detected at specific milepoints. 

Segment 4, 2.28mi1 es 1 ong including eastbound and westbound subseg-

ments, experienced 1.86 acc/mvm before changes and 1.24 acc/mvm after; the 

accident rate went down, but the difference is statistically significant. 

Similar to Segment 3, the segment was operating with a ful 1 inside shoulder, 

five mainlanes and no outside shoulder in each direction, and restriping 

shifted lanes toward the median leaving no inside shoulder. About 55 percent 
of this segment is provided with an auxiliary lane between on-to-off ramps. 

Figure 45 also shows the above rate relationship. 

Samples are good in this case and so are their number. Total observa
tions add to 1,157. Bar charts show accident reduction after restriping but 

no evident shift in pattern. 

Segment 4 provides a good data base that permits analysis by lane. 

Table 24 presents T-tests performed for each lane. It can be noticed that 
al 1 lanes experienced a reduction in accident rates even though only the 

inside lane experienced a statistically significant reduction. Inside 

shoulders and outside shoulders had too few observations to make meaningful 
comparisons. Test results are good even though only 74 percent of the 
overal 1 segment accidents were recorded as happening in one of the designated 

lane locations and this reduces the number of observations available for 
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Table 24. I-10 T-test by Lane, Los Angeles 

Accident Location Period Samples1 Meari T-Value Probability of2 

Greater T 

Inside Before l 

Shoulder After 0 Unreliable data, too few observations 

Inside Before 16 0.164 -2.10 0.05 It 

Lane After 16 0.100 

Middle Before 16 0.109 -1.9 0.07 

Lanes After 16 0.085 

Outside Before 16 0.171 -1.46 0.15 

Lane After 16 0.133 

Outside Before 5 

Shoulder After 5 Unreliable data, too few observations 
I I 

lEach sample corresponds to the accident rate for a three month period. 
2one asterisk (•) statistically means significant at the 0.05 level and two 

asterisks(••) means very significant at the 0.01 level. 

testing. Taking away the inside shoulder did not increase median related 

accidents. 

Overal 1, the above two segments show a significant reduction in accident 

rates at the 0.01 level. The analysis of these two I-10 segments is an 

important indicator of the relative significance of right versus left 

shoulders. It is apparent that the right shoulder is more important than the 
left shoulder since the switch from left shoulder only to right shoulder only 

produced a very significant reduction in accidents. Inside shoulder removals 

appear preferable to right shoulder removals. 

CA-22, Orange. AT-test on Segment 5 indicates a significant reduction 

in accident rates at the 0.05 1 evel. This segment had 0.83 acc/mvm before 

restriping and 0.62 acc/mvm after restriping. Figure 46 illustrates these 
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rates for visual comparisons. Restriping was done to add an aux1liary lane 
between on-to-off ramps without taking the right shoulder. Initially there 
was a full inside shoulder, three mainlanes and a full outside shoulder. 
After restriping there was no inside shoulder (2-ft. wide), three narrower 
mainlanes (11-ft. wide), an auxiliary lane between on-to-off ramps and a 
full outside shoulder. Between off-to-on ramps the auxiliary lane was 
striped off. 

Samples are good in number as well as in observations per sample. The 
frequency bar chart reflects no major abnormality nor considerable shift, 
even though accidents about midpoint milepoint 7.8 were reduced by more than 
50 percent. The latter can be the result of a bottleneck relief. There are 
not enough observations for an analysis by lane. 

CA-60, Los Angeles. The T-test on Segment 6 shows a non-significant 
reduction in accident rates. This short, 0.68 mile segment, had 0.90 acc/mvm 
before restriping and 0.68 acc/mvm after. Figure 47 illustrates these rates. 
This segment was initially provided with a ful 1 inside shoulder, four main
lanes and a ful 1 outside shoulder. After restriping, a partial (3-ft. wide) 
inside shoulder was left, five main lanes and the ful 1 outside shoulder. 

Statistically, samples are poor in number and in observations per 
sample. The frequency bar chart reflects a reduction in accidents around 
milepoint 15.5, suggesting a bottleneck relief as a result of the added 
capacity. However, observations are limited and inferences are not possible. 

US-101, Los Ange 1 es. The resu 1 t of the T-test on Segment 7 shows a non
si gni fi cant reduction in accident rates. The segment had 0.79 acc/mvm before 
restriping to add a lane and 0.68 acc/mvm after. Figure 48 shows these 
rates. Initially there was a ful 1 inside shoulder, four mainlanes and a ful 1 

outside shoulder. Restriping made a partial (3-ft. wide) inside shoulder, 
five narrower lanes, and the ful 1 outside shoulder remained as before. 

Samples are good in number but fair in observations per sample. Bar 

charts suggest that a bottleneck about milepoint 16.2 may have been cleared 
but there is no observable shift in accident pattern. 
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1-405, Los Angeles. Results of the T-test on Segment 8 indicate a 

significant increase in accident rates. This long segment, 8.58 miles, 

experienced 0.79 acc/mvm before restriping and 1.06 acc/mvm after. Figure 49 

shows this relationsAip. Initially this segment had a ful 1 inside shoulder, 

four mainlanes and a full outside shoulder. After restriping it was provided 

with a partial (3-ft. wide) inside shoulder, five mainlanes and retained the 

same full outside shoulder. Two short subsegments have an auxiliary 1 ane 

between on-to-off ramps in addition to the five mainlanes and full outside 

shoulder. The additional lane was initially intended to be an HOV lane, but 

was opened as a mixed-flow lane due to the Santa Monica diamond lane 

controversy. 

Samples before restriping are only five, and this is less than desir

able. Yet, observations are very good adding to 1,185 and giving each sample 

a very stable number. The after restriping accident rates are significantly 

higher at the 0.05 level. Examining the frequency bar charts provides a clue 

to these differences. There is a shift in accidents downstream, or toward 

the north end of this freeway segment. This is measurable by determining the 

percent of all accidents that occurred in the last quarter segment before 

restri ping to compare with the percent after restri ping. Before restri ping, 

16 percent of all accidents occurred along the last quarter length of this 

segment (2.1 miles); after restriping, 48 percent of all accidents occurred 

within that subsegment. 

The good accident data base al lows detailed lane analysis. Table 25 

presents T-tests performed for each lane. The inside and the outside lanes 

experienced a non-significant reduction in accident rates after restriping. 

The inside and outside shoulders had too few accidents for this kind of 

analysis. On the other hand, middle lanes experienced a very significant 

increase in accident rates going from 0.046 acc/mvm before restriping to 

0.078 acc/mvm after. This change is significant at the 0.01 level. A 

histogram of accident frequency by lane at each tenth of a mile shows a high 

peak as traffic approaches the US 101 exit ramps. 

Dividing the whole I-405 segment into three subsegments, each 2.9 miles 

long, al lows investigation of the shift observed in the histograms. An 
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upstream, an intermediate and a downstream subsegment each show a different 

accident pattern. The upstream subsegment went down very significantly from 

1.22 acc/mvm to 0.84 acc/mvm. ·The intermediate subsegment increased 

slightly, non-significantly, from 0.57 acc/mvm to 0.66 acc/mvm. The 

downstream subsegment almost tripled from 0.60 acc/mvm to 1.68 acc/mvm. 
Table 26 shows the above rates with more detail. It can be inferred that a 

safety problem was introduced in the third subsegment. 

Data limitations preclude extensive partitioning of all lanes and 

subsegments. However, analysis was made of types of collisions in the middle 
1 anes of the downstream subsegment. The rear-end co 11 is ions averaged 0.028 
acc/mvm before improvements and 0.197 acc/mvm after. This represents c 1 ose 

to a seven fold increase that is statistically significant. Sideswipes 

increased but not significantly. Table 27 shows the middle lane rear-end 

accidents and rates of this downstream subsegment. Examination of the in-. 

dividual accident records also indicated an over-representation of pm peak 

period accidents. 

Based on the above, it can be inferred that taking the inside shoulder 

in the first two subsegments of I-405 was not detrimental to safety. This 
action improved accident rates in the first subsegment. The downstream 

subsegment experienced an increase in accident rates; however, the inside 

lane and shoulder had no influence in that change. Midlane weaving prior to 

the exit at the US-101 ramp, which has inadequate capacity, seems to be the 
main reason behind the increase. This condition significantly increased 

midl ane rear-end accidents on the downstream subsegment. The inside 1 ane 
accident rate of this subsegment decreased. Therefore, the partial inside 

shoulder was not the cause of increased accidents. 

It should be noted that the project was originally intended to be an HUV 
lane. However, it was implemented as a mixed fl ow 1 ane. As a mixed fl ow 

lane, it resulted in a lane balance problem at its terminus. Essentially the 

5-lane section increased capacity downstream of the I-10 (Santa Monica) 
interchange (the beginning of the project). This increased input volumes and 

reduced congestion in the first segment. The increased volume overloaded the 

downstream segment which had very little before congestion due to lane 
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Table 25. I-405 T-test by Lane, Los Angeles 

Accident Period Sample! Mean T-Value Probability of 2 

Location Greater T 

Inside Shoulder Before Unreliable data, too few observations 

After 

Inside Lane Before 5 0.067 -1.18 0.26 

After 11 0.054 

Middle Lanes Before 5 0.046 4.34 0.01° 

/Lane3 After 11 0.078 

Outside Lane Before 5 0.129 -0.16 0.88 

After 11 0.126 

Outside Shoulder Before Unreliable data, too few observations 

After I I 
1Each sample corresponds to the accident rate for a three month period. 
2one asterisk(*) means significant at the 0.05 level and two asterisks 

(++)means very significant at the 0.01 level. 

3rhe number of inside lanes changes from 2 before to 3 after so 

the analysis is performed on a per lane basis. 

Table 26. I-405 T-test by Subse~ent 

Subsequent Period Samplesl Mean T-Value Probability of 

Location Greater T 

Upstream Before 5 1.221 -4.23 0.0010 

After 11 0.835 

Intermediate Before 5 0.573 0.93 0.37 

After 11 0.664 

Downstream Before 5 0.598 5.90 0.00010 

After 11 1.683 

1Each sample corresponds to the accident rate for a three month period. 
2one asterisk(•) means significant at the 0.05 level and two asterisks 

(*+)means very significant at the 0.01 level. 
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balance (4 lanes feeding 5 lanes in the interchange). After the lane was 

installed, five lanes provided more volume than the five interchange lanes 

could accommodate. The two lanes to Route 101 (Ventura) were seriously 
overloaded and account for a large portion of the increase in accidents. 

Table 27. I-405 Middle Lane Rear-End Accidents at 

the Downstream Subse!111ent 

Period Year Accidents Mean 

(ACC/MVM) (ACC/MVM) 

Before 74 0 

(0) 

75 l 

(0.048) (0.028) 

After 77 6 7 

(0.268) 

78 4 

(0.154) 

79 4 

(0.161) (0.197) 

US-101, Marin. Segment 9 results of the T-test indicate a non-signifi

cant decrease in accident rates. This segment had 0.65 acc;mvm before re

striping and 0.42 acc/mvm after (Figure 50). Restriping was accomplished to 

increase mainlanes from three to four. The full inside shoulder was reduced 

to no inside shoulder (2-ft. wide) and the outside shoulder was also reduced 

but remained as a full outside shoulder (8-ft. wide). This short segment 

improvement was a localized solution to a truck traffic problem because of 

trucks entering the freeway from a truck weighing station while going uphil 1. 

This project is not typical of left shoulder changes. 

Accident observations for this short segment were very scant. Frequency 

bar charts were normal. Results would be insignificant standing alone; 
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however, they are provided for completeness of reporting on all sections that 

were analyzed. 

1-580, Alameda. The T-test for segment 10 indicates a decrease in 

accident rates significant at the 0.05 level. Prior to restriping accident 

rates were 1.96 acc/mvm and after restriping dropped to 1.44 acc/mvm. Figure 

51 i 11 ustrates those rates. Before restriping there was a full inside 

shoulder, four mainlanes, a 10-ft. auxiliary lane with no outside shoulder 

but a grass area to the right of the outside lane. After restriping, no 

inside shoulder was provided (1-ft. wide), four through lanes remained, the 

auxiliary lane was moved inside and a 10-ft. permissive lane (4:00-6:00 pm) 

was located where the auxiliary lane used to be. 

The sample number is good but the observations per sample is fair. The 

frequency bar chart indicates a reduction around milepoint 43.0 which may be 

related to weaving at the approach to the off-ramp. After restriping, the 

extra lane available for weaving during peak hours seems to help reduce this 

problem. 

1-680, Contra Costa. The T-test for this short segment i ndi cat es a non

si gni fi cant reduction in accident rates. Before restriping, accident rates 

were 1.07 acc/mvm and were reduced to 1.02 acc/mvm after. Figure 52 shows 

the above rates. Before restriping, a full inside shoulder existed with 

three through lanes and a full outside shoulder. After improvements, no 
inside shoulder (2-ft. wide) was provided to al low for three through lanes 

plus an auxiliary lane between on-to-off ramps. A ful 1 outside shoulder was 

retain ed. 

The number of samples is very limited and the number of observations per 

sample is very 1 imited. The frequency bar charts are not cl ear due to the 

limited number of observations although they seem to indicate that accidents 

near milepoint 18.0 were reduced. 

CA-94, San Diego The Segment 12 T-test indicates a non-significant 

reduction in accident rates. Prior to restriping these were 0.62 acc/mvm and 

were reduced to 0.56 acc/mvm after. Figure 53 shows these rates. Initially 
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there was a full inside shoulder, four mainlanes and a full right shoulder. 
Restriping changed this to a partial inside shoulder (3-ft. wide), five 
narrower lanes and a full outside shoulder. A short segment has an auxiliary 
lane between on-to-off ramps. 

The number of samples is adequate but the observations per sample is 
poor. In spite of the limited observations, the frequency bar charts suggest 
a downstream shift in accidents. That is, the additional capacity relieved 
an upstream problem but recreated it at a reduced level further downstream. 

Accident Severity Experience on Inside Shoulder Removals 

In addition to the concern about traffic safety in general, a concern 
exists that the absence of a shoulder may increase accident severity even if 
overall accidents are decreased. This analysis will explore accident 

severity. It must be cautioned that the analysis is more difficult as the 
accidents are subdivided into more categories of fewer and fewer accidents. 
That is to say, no conclusions are appropriate if there was one accident 
before and 2 accidents after because of the very small number of accidents. 
The severity analysis, therefore, requires more aggregation of data than the 
overall analysis in order to draw any conclusions. 

Table 28 summarizes the severity rates by study site for the 12 inside 
shoulder cases. The fatal accident rate was 0.0032 acc/mvm before and 0.0043 
acc/mvm after. These rates are based on a total 13 accidents and no conclu
sion is warranted because of the low number of accidents. The injury rate 
was 0.35 acc/mvm before and 0.37 acc/mvm after. If we combine the injury and 
fatal accident rates on a before and after basis, a two-means T-test indi
cates that the differences are not statistically significant at the 0.05 
level. Asimilar test for the non-injury (object of PDO) accidents does 
indicate a statistically significant decrease in non-injury accidents due to 
the removal of left shoulders. There is no indication that accident 
severity is significantly affected by inside shoulder removals. The severity 
data is consistent with the hypothesis that shoulder reduction projects 
improved operations by reducing congestion which would be expected to reduce 

non-injury accidents. 
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Seg. 

No. 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Table 28. Accident Severity Rates on California Freeways Where Inside 

Shoulders were Removed 

Freeway, County Before Rate After Rate 

Length, Direction Fatal Injury Object , Fatal Injury 

I-5, Los Angeles 0.000 0.46 0.60 0.020 0.53 

(1.34 mi., SB) 

I-5, Los Angeles 0.000 0.33 0.84 0.020 0.48 

(0.69 mi., NB) 

I-10, Los Angeles 0.000 0.22 0.54 0.000 0.16 

(l.41 mi., EB, WB) 

I-10, Los Angeles 0.005 0.51 1.35 0.003 0.43 

(2.28 mi., EB, WB) 

CA-22, Orange 0.003 0.26 0.56 0.006 0.25 

(3.25 mi., WB) 

CA-60, LOS Angeles 0.000 0.26 0.64 0.000 0.47 

(0.68 mi., EB) 

US-101, Los Angeles 0.000 0.28 0.50 0.000 0.30 

(0.67 mi., NB) 

I-405, Los Angeles 0.000 0.29 0.93 0.000 0.30 

(7. 72 mi., NB) 0.018 0.16 0.39 o.ooo 0.25 

US-101, Marin 0.000 0.07 0.58 0.000 0.25 

(0.31 mi., SB) 

I-580, Alameda o.ooo 0.97 0.99 0.000 0.82 

(0.61 mi., EB) 

I-680, Contra Costa 0.000 0.41 0.65 0.000 0.14 

(0.38 mi., SB) 

CA-94, San Diego 0.000 0.27 0.35 0.023 0.28 

weighted Average 0.0032 0.349 0.780 0.0041 0.323 
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0.73 

0.30 

0.26 

0.80 

0.36 

0.22 

0.38 

0.53 

0.42 

0.16 

0.61 

0.87 

0.25 
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Upstream and Downstream Analysis 

Besides analysis of the segments where inside shoulders have been re
duced to provide a travel lane, sites upstream and downstream from those 
undergoing a treatment were investigated. The term site is used here to 
refer to the segment upstream or downstream from the one that was restriped. 
Table 29 presents the accident experience of upstream and downstream sites. 
Only sites upstream and downstream from segments with a good accident data 
base were considered, to al low for meaningful correlation. 

1-5, Los Angeles. The site upstream from Segment 1 had a non-signifi
cant decrease in accident rates going from 0.87 acc/mvm before restriping to 
0.82 acc/mvm after. The site downstream from Segment 2 showed a non
significant decrease in accident rates, going from 0.72 acc/mvm before to 
0.52 acc/mvm after. This suggests that restriping and adding capacity had no 
effect on accident rates at adjacent sites. 

1-10, Los Angeles. Four sites have been analyzed. Figure 54 shows each 
site 1 ocation. Due to other freeway work, the downstream sites associated 
with each segment are not adjacent to each other. Of the two associated with 
Segment 3, the site upstream experienced a significant decrease going from 
1.04 acc/mvm before restri ping to 0.57 acc/mvm after. Accidents in the site 
downstream from Segment 3 increased slightly and non-significantly, going 
from 0.56 acc/mvm before to 0.63 acc/mvm after. 

The site upstream from Segment 4 had a significant decrease in accident 
rates going from 1.01 acc/mvm before restri ping to 0.64 acc/mvm after. The 
site downstream from Segment 4 decreased but not significantly, going from 
1.28 acc/mvm before restriping to 1.22 acc/mvm after. 
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I 

Table 29. Accident Experience Upstream and Downstream From Freeway 5egnents 

Where Inside Shoulders Have Been Removed1 

Freeway, County Period Rate Comments 

(Distance/Direction) (Acc/MVM) 

Upstream from 

s~ent No. (Table 22) 

1. I-5, Los Angeles Before 0.87 Decreased, 

(0.95 mi./SB) After 0.82 not significant. 

2. I-10, LOS Angeles Before 1.04 Decreased, 

(1.42 mi./EB) After 0.57 significant. 

3. I-10, LOS Angeles Before 1.01 Decreased, 

(1.21/WB) After 0.64 significant. 

4. I-580, Alameda Before 1.52 Decreased, 

(l .19/EB) After 1.45 not significant. 

5. CA-22, orange Not considered; site located at interchange with I-

5. I I 
6. I-405, Los Angeles Not considered; site located at interchange with-I-

10. 

Downstream from 

Se~ent No. (Table 22) 

7. I-5, LOS Angeles Before o. 72 Decreased, 

(0.96 mi ./NB) After 0.52 not significant. 

8. I-10, Los Angeles Before 0.56 Increased, 

(0.89 mi./WB After 0.63 not significant. 

9. I-10, LOS Angeles Before 1.28 Decreased, 

(1.12/EB) After 1.22 not significant. 

10. CA-22, orange Before 0.73 Decreased, 

(1.23 mi./WB) After 0.48 significant. 

11. I-405, Los Angeles Not considered; section located at interchange with US 101. 

12. I-580, Alameda Not considered; downstream segment had right shoulder work. 
I I 

1only those subsegments related to a main segment with a good accident sample base 

are included. 
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Figure 54. I-10 Upstream and Downstream Sites, Los Angeles 

Frequency bar charts for a 11 four sites suggest stability even though 
specific milepoints may have increased or decreased. The I-10 sites (Segment 
3 and Segment 4 in Table 22) did not have changes in capacity. Whether the 
reinstatement of the right shoulder is a contributing factor to the reduction 
in accidents (especially upstream) is unknown. 

CA-22, Orange. The site upstream from Segment 5 was not considered be

cause the site is located at the interchange with I-5 and other intervening 

factors affect traffic and its composition. The site downstream from Segment 

5 had a significant reduction in accident rates, going from 0.73 acc/mvm be
fore restriping to 0.48 acc/mvm after. Reasons for the decrease are not 
apparent. The frequency bar charts reflect such decrease but no unusual 
condition is evident. 

I-405, Los Angel es. Both ends of this 1 ong segment are very c 1 ose to 
major interchanges. Therefore, the upstream and the downstream sites were 

not considered for this analysis. 

I-580, Alameda. The upstream site from Segment 10 experienced a non

significant reduction in accident rates. These went from 1.52 acc/mvm before 
restriping to provide an extra lane to 1.45 acc/mvm after. No unusual 
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condition could be detected from the frequency bar charts. The downstream 
site from Segment 10 included a subsegment where concurrent with the 

restriping project a right shoulder was removed and was not considered for 

analysis. 

Based on analysis of the four upstream and the three downstream sites it 

can be inferred that restriping of the segments studied had no negative ef

fect on safety beyond the limits of the project. 

Effects of Congestion 

Table 30 summarizes the data in terms of the degree of congestion before 

and after the changes. The degree of congestion is shown in terms of ADT per 

lane. Only those sections with before ADTs per lane greater than 20,000 

showed accident reductions. Two segments (numbers 5 and 10) experienced· 

significant accident reductions, they likely resulted from some operational 
improvement. Segment 8, excluding the downstream segment which was 

identified as having a lane balance problem (see pp. 90-91), also showed an 
accident reduction. Segment 9, which did not have a reduction in accidents, 

is an atypical project. The I-680, Segment 10, data base was poor. The 
accident reductions appear to occur on the sections where ADT per lane is 

greater than 20,000 before the change and 1 ess than 18,000 per 1 ane after. 

I-680, Contra Costa, has similar volumes and a non-significant accident 

reduction. 

Su111nary of Inside Shoulder Experience 

The experience with inside shoulder removals was either no significant 

change or a significant reduction in overall accidents at all sites in 

California with one exception. The significant increase at I-405, was deter
mined to be related to a lane balance problem at the downstream terminus. In 

addition, accidents upstream were reduced in some instances, and no down

stream problems were detected except for the I-405 segment as just described. 

Congestion reduction appears to account for those sections experiencing 

accident reductions. The data suggests that accident reductions occur when 

the ADT/Lane before is greater than 20,000 and the ADT/Lane is less than 
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Table 30. Relationship Between Congestion and Accidents on Sections 

with Inside Shoulder Removals 

Segment# Freeway, Congestion1 

(Table 22) County Before 

l I-5 14,400 

Los Angeles 

2 I-5 14,400 

Los Angeles 

5 CA-22 20,600 

Orange 

6 CA-60 15,200 

Los Angeles 

7 us 101 29,712 

Los Angeles 

8 I-405 20,900 

Los Angeles 

9 us 101 16,300 

Marin 

10 I-580 20,200 

Alameda 

11 I-680 20,300 

Contro Costa 

12 CA-94 11,300 

San Diego 

1congestion indicated as ADT per lane. 

2rhis is a very atypical project. 
3Poor database. 

After 

13,300 

13,300 

16,900 

11,200 

26,530 

20,100 

13,300 

16,700 

16,600 

10,700 
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Significant Accident 

Reduction 

No 

No 

Yes 

No 

No 

Yes2 

No3 

Yes 

No4 

No 



18,000 after. The analyses also suggest that accident severity is not 

affected; the only significant change in accidents is a reduction in non

injury accidents. 

Outside Shoulder Treatments 

Segment Characteristics 

Table 31 presents basic characteristics of segments where outside 

shoulders were removed to provide a travel lane. Five are located in Los 

Angel es County, one in Santa Clara County, and one in Alameda County. The 

San Francisco-Oakland Bay Bridge, located in San Francisco and Alameda 
counties, is presented as a special mitigation that never had inside or out

side shoulders, but has special mitigation measures .. The primary segments 
(al 1 except the Bay Bridge) are under one mile in length and involve one-way· 

traffic only. For study purposes, shoulders two ft. or narrower are con

sidered as "no shoulder", those three-to seven-ft. wide are considered 

"partial shoulder" and those eight or more ft. are considered "full 

shoulder". The segments are further divided into part time and full time 

categories. 

The segments had full outside shoulders (except San Francisco-Oakland 

Bay Bridge) prior to restriping and other associated work. After changes, 

four of the segments operated with no outside shoulder all the time and three 
of the segments only during peak periods. Segments whose outside shoulder is 

used as a permissive (peak period) lane operate as a regular shoulder during 

off-peak hours. No inside shoulders are provided along the four I-5 segments 

studied (two partial and two ful 1 time). 

Tab 1 e 31 describes the respective cross sections before and after im

provements. Also shown is their ADT; al 1 segments had over 100,000 vehicles 

per day and US 101 and the Bay Bridge were above 200,000 vehicles per day. 
The column on vehicles per lane, estimated from peak hour traffic data (1§_), 

shows that all segments carried over 1,900 vehicles per hour per lane before 
changes. Al though this is an estimate, it indicates the congestion 1 evel s 

experienced on those segments from day to day. 
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Freeway, County 

Distance/Direction 

Table 31. Characteristics of Celifornia Freeways Where 

Outside Shoulders were Adjusted 

Beg. Mile Cross Section 

Post Period Left Main Lanes1 

Shoulder 

Right 

Shoulder ., .. PART TIME REMOVAL ••~ 

1. I-5, Los Angeles Before 0' 3-12' 8' 

(0.73 mi/NB) 11.83 After 0' 3-11'' 11 'P.L. 0' 

2. I-5, Los Angeles 13.93 Before 0' 4-12' 8' 

(0.95 mi./NB) 15.17 After 0' 1-12, 3-11'' 

ll'PL 0' 

3. I-280, Santa Clara Before 2' paved 3-12' 10' 

(0. 74 mi./NB) 8.54 After + graded 

2' paved 3-12', lO'P.L. 0' 

+ graded 

·~· Fl.A..L TIME REMOVAL •H 

4. I-5, Los Angeles Before 0' 3-12' 8' 

(0.45/NB) 12.57 After 0' 4-11' 0' 

5. I-5, Los Angeles Before 0' 4-12' 8' 

(0. 75/NB) 14.4 After 0' 1-12, 4-11' 0' 

6. US 101, Los Angeles Before 10' 4-12' 8' 

(0.89 mi./SB) 17.47 After 10' 5-11' l' 

7. I-580, Alameda Before 8' 4-12' 

(0.50 mi/EB) 41.42 After 8' 5-11' 3' 

U• SPECIAL CASE ~H 

8. I-80, San Francisco 5.59 Before 0' 59' total 0' 

Oakland, Bay Bridge 

(4.53 mi./two-way) After 0' 59' total 0' 

1P.L. means peak period lane. 
2Peak hour traffic multiplied by 0.6 and divided by the ni..rnber of lanes. 
3Data from CALTRANS evaluation of the initial operation, dated October 20, 1985. 
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Peak Hour Vehicles 

ADT Voli..rne per lane 

137,400 10,560 2,110 

132,500 10,400 1,560 

195,200 7,7oo3 1,930 

197,500 8,5003 1,700 

102,300 10,230 2,050 

131,000 13,100 1,970 

145,600 11,080 2,200 

139,000 10,850 1,630 

194,400 7,7003 1,930 

197,000 8,5003 1,700 

215,000 16,730 2,510 

245,700 14,060 2,110 

147,500 14,060 2,110 

153,500 14,620 1,750 

184,000 16,580 1,990 

206,200 18,560 2,230 



Procedures used are similar to those previously used to analyze the in

side shoulder treatments. 

Segment Comparisons 

Segments where the outside shoulder was taken away, totally or in part, 
to provide additional capacity are briefly analyzed. Table 32 presents the 

accident experience. 

1-5, Los Angeles. The four I-10 segments studied here are independent 

from the ones previously presented. Segments 1 and 2 are part time and 

segments 4 and 5 are ful 1 time removals. Figure 55 shows their respective 

location. Al 1 projects were implemented at the same time. The entire 

section from post mile 11.83 to 15.96 had the right shoulder converted to 

either a full time or part time traffic lane. The decision to make some

sections part time removals was an engineering judgement as to potential 
operational problems during off-peak operation. Some sections near the 

California Route 7 interchange were excluded from the analysis due to the 

proximity to the interchange and the presence of left hand entrance and exit 

ramps. The problem addressed by the project was congestion approaching major 

interchange (US 101/LA 5/LA 10) which backed up to LA 7 (see Figure 55). 

The first I-10 segment experienced a non-significant decrease in acci

dent rates as the right shoulder was turned to a peak period lane (6.00 am to 
9:00 am). Rates were 0.70 acc;mvm before restriping and 0.68 acc;mvm after. 

The cross section had no inside shoulder and three through lanes before 

changes. Major work was required in this project to restripe the mainlanes 

(narrowing to 11 ft.) and reconstructing the outside shoulder to provide the 

peak period lane. Accident samples are poor and not very stable. Frequency 

bar charts of accidents by mile point are stable and show the principal 

reduction occurring at milepoint 12.2. 
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8. 

Freeway, County 

Table 32. Accident Experience on Freeway Segnents 

Where Outside Shoulders Have Been Removed 

Period Rate T-Value 

(Distance/Direction) Acc/MVM) 

11-++ PART TIME SHDU..DER REMJVAL o+ 

I-5, Los Angeles Before 1/74-3/75 0.700 -0.112 

(0.73 mi/NB) After 1/76-12/77 0.677 

I-5, Los Angeles Before 1/74-3/75 1.368 2.03 

(0.49 mi./NB) After 1/76-12/77 1.995 

I-280, Santa Clara Before 1/74-6/75 0~240 1.12 

(0. 74 mi./NB) After 1/77-12/79 0.319 

11-ltllo FULL TIME SHOU..DER REMOVAL 011-

I-5, Los Angeles Be fore 1/7 4-3/75 1.403 1.59 

(0.45/NB) After 1/76-12/77 1.970 

I-5, Los Angeles Before 1/74-3/75 2.048 -1.04 

(0.76/NB) After 1/76-12/77 1.647 

US 101, Los Angeles Before 1/76-12/78 1.044 1.38 

(0.89 mi./SB) After 1/80-12/82 1.318 

I-580, Alameda Before 1/79-9/81 1.68 

R42.l After 4/82-12/84 0.83 -2.74 

•u SPECIAL CASE +u 

I-80, San Francisco Before 1/74-12/79 1.784 -1.30 

(4.53 mi./two-way) After 1/80-12/84 1.662 

Probability1 

IOf Greater T 

0.20 

0.03 

0.14 

0.32 

0.18 

0.01 u 

0.20 

1one asterisk (•) means statistically significant at the 0.05 level and two asterisks (u) 

means statistically significant at the 0.01 level. 
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1 Segment No. 

Transition Point 

MiJepoint 
11.0 

LA 7 

1 4 5 2 
M I' ell 
QO lt) c . . . .... ell M .... .... .... 
12.0 13.0 14.0 15.0 · 16.0 

Northbound 

Figure 55. I-5 Segment Locations, Los Angeles 

The second segment (see Figure 55) was also a part time removal and 

experienced a non-significant increase in accident rates. The rate went from 

1.37 acc/mvm before reconstruction to 1.99 acc/mvm after. Changes turned the 
outside shoulder into a peak period lane (6:00 am to 9:00 am), making it a 

continuous fifth lane with the extra lane provided along the fifth segment. 

As with other segments, no inside shoulder was provided before or after 

improvements. The frequency bar charts by mi 1 epoints were stable and the 

increase was obvious. The problem at this location is difficult to diagnose, 

due to the difficulty in extracting the necessary accident detail from the 

accident records. For example, the project report indicated some initial 

problems with traffic exiting to LA 10 being in the third lane from the left 

and trying to enter lanes 4 and 5 mid-queue. Since lanes 1, 2 and 3 were 

moving faster, the result could be either a rear-end or weaving accident. 

Furthermore, the length of the weaving section was changed as was the number 

of lanes available for each of the three principal interchanging movements. 

The result is a complex change that is difficult to analyze. 

The number four segment on I-5 freeway is a ful 1 time remova 1 upstream 

of the LA 7 interchange that shows a non-significant increase in accident 
rates going from 1.40 acc/mvm before reconstruction to 1.97 acc/mvm after. 

This segment immediately follows the first but here the outside shoulder was 
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tu~ned into another through lane, rather than a peak period lane. No inside 

shoulder was available before or after restriping. Accident samples were 

also poor. The frequency bar charts show the principal increase in accident 

rate happening at mil epoint 12.9. 

The I-5 freeway segment designated as segment 5 had a non-significant 

reduction in accident rate going from 2.05 acc/mvm before reconstruction to 

1.65 acc/mvm after. This segment, together with the second, was the pri nci
pa l bottleneck that prompted the reconstruction project. The outside shoul
der was turned into a fifth lane. No inside shoulder was available before or 
after improvements. The accident samples are fair due to the limited number 

of samples during the before period. The accident frequency bar charts by 

milepoints were stable. 

Any conclusions regarding the four I-5 segments (numbers 1, 2, 4 and 5)· 

must be considered speculative. Nevertheless, some informed judgement 
appears appropriate based on a synthesis of al 1 available data. Overall, the 

accident rate on I-5 from post mile 11.83 to 15.96 increased significantly 

(0.05 level) from 1.30 accidents/mum before to 1.66 accidents/mum after. 

Sideswipe accidents increased from 0.29 before to 0.48 accidents per million _ 

vehicle miles. The change was statistically significant, and suggests a 

weaving problem. Rear-end accidents were virtually unchanged at 0.76 before 

and 0.81 after. Similarly, a.m. peak period accidents were unchanged at 0.21 

acc/mvm before and after. 

The data is also consistent with the notion that outside shoulders (or 
parking areas) are necessary for safe operations. However, there are clearly 

other factors including weaving and speed differentials between lanes that 
are possibly causing accident problems. The strongest conclusion that can be 

drawn is that caution is appropriate when removing right shoulders without 
providing parking opportunities. Furthermore, added capacity upstream of 

major interchanges may be inappropriate if the added capacity will overload 

the interchange. 

US-101, Los Angeles. This southbound (physically eastbound at this 

location) segment had a non-significant increase in the accident rate, going 
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from 1.04 acc/mvm before reconstruction of the right shoulder to 1.32 acc/mvm 

after. Initially the section had a ful 1 inside shoulder, four mainlanes and 

an 8-ft. outside shoulder. After reconstruction of the outside shoulder, 

five 11-ft. lanes were provided with no outside shoulder (1-ft. to an asphalt 
concrete dike). The downstream segment a 1 so had the outer shou 1 der removed 
to add a sixth lane, but due to the different cross section and very short 

length it is not considered here. Accident samples are good and reliable. 

The frequency bar charts of accidents show a shift toward the segment's end, 

which can be expected as segment capacity increases without a similar in

crease in downstream capacity. Contributing to a higher rate may be the 

increasing two-way ADT which went from an average of 215,000 vehicles per day 

prior to changes to 246,000 vehicles per day after changes. The 31,000 
vehicles per day increase is assumed to occur as a result of growth in both 

directions. Since this may not be the case due to changes occurring in only 

one direction, the after accident rate may be overstated. 

1-280, Santa Clara. This segment experienced a non-si gni fi cant increase 

in the accident rate. Prior to restriping the peak period (6:00 am to 8:30 

am) lane, the segment had 0.24 acc/mvm and this increased to 0.32 acc/mvm 

after. It should be noticed that these are very low rates. The cross sec
tion had a graded median and a 2-ft. paved inside shoulder, three mainlanes 

and a 10-ft. outside shoulder prior to restriping. The restriping work only 

affected the outside shoulder to permit peak period traffic. The samples are 
very poor in number as well as in accidents per sample. The frequency bar 
charts are stable but not much can be inferred due to the 1 imited data base. 

This case is included for completeness, but should be considered cautiously 

in drawing conclusions. 

1-80, San Francisco-Oakland Bay Bridge. This two-way case had no inside 

or outside shoulders before and after. This case is presented to broaden the 

view on shoulders. In this instance, conditions were very control led due to 

limited access ramps and the presence of surveillance and road patrols. 
Before and after periods were arbitrarily selected as 1974-80 and 1981-84, 

respectively, since shoulders were not available in either period. 
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This case had 1.78 acc/mvm during the before period and 1.66 acc;mvm 

after. A non-significant decrease in accident rates occurred. Frequency bar 

charts reflect no unusual abnormality nor shift in pattern. 

Accident Severity Experience On Outside Shoulder Removals 

Table 33 summarizes the accident severity data by study site. The first 

three locations are part time removals, the next four are ful 1 time removals 
and the last location is the special case San Francisco-Oakland Bay Bridge. 
The Bay Bridge dramatically illustrates the difficulty in analyzing small 
data sets. Although no changes were made between the before and after 

conditions, the fatal accident rate quadrupled based on 2 fatal accidents 
11 before 11 and 8 fatal accidents 11 after 11

• The 11 before 11 and 11 after 11 rates for 

injury accidents are clearly stable based on nearly 1000 accidents in each 

period. 

Segment 

Nunber 

Table 33. Accident Severity Rates on California Freeways Where Outside 

Shoulders were Removed 

Freeway Before Rate After Rate 

and County Fatal Injury Object Fatal Injury 

(Table 31) 

l I-5 Los Angeles 0 0.13 0.57 0 0.17 

2 I-5 Los Angeles 0 0.36 1.00 0 0.51 

3 I-280 Santa Clara 0 0 0.23 0 0.11 

4 I-5 Los Angeles 0 0.27 1.14 0 0.70 

5 I-5 Los Angeles 0 0.27 1. 78 0.018 0.37 

6 US 101 Los Angeles 0.010 0.33 0.66 0.017 0.65 

7 I-580 Alameda 0.029 1.10 0.71 0.024 0.31 

8 I-80 San Francisco-

Oakland Bay Bridge 0.001 0.60 1.16 0.004 0.55 
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0.51 

1.50 

0.21 

l.27 

1.26 

0.63 

0.35 
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Despite a small number of accidents involved in all except the San 

Francisco-Oakland Bay Bridge case, there appears to be a trend toward higher 
accident rates without right shoulders. This trend is not· supported by 

statistical analys.is; t.lowever, the inability to detect differences is limited 
by the smal 1 data base. The only case with an accident rate reduction is I-

580, Alameda. 

Sunmary of Outside Shoulder Experience 

The experience with outside shoulder removals is not clear. However, 

the data does show some tendency towards increased severity rates. It is al

so inferred from other data that the critical consideration is the presence 
or absence of a place for disabled vehicles to park. The early analysis of 

the I-10 Segments 3 and 4 where a left shoulder was converted to a right 

shoulder is also consistent with the hypothesis that right shoulders are more· 

important than left shoulders. 
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CHARACTERISTICS OF STOPPED VEHICLES ON URBAN FREEWAYS 

The existence of a shoulder provides a·n opportunity for vehicles to stop 

outside of a traffic lane. These stops may be voluntary or involuntary. The 

lack of a shoulder may or may not result in a mainlane vehicle stop. This 

operational analysis is intended to assess the tradeoffs involved by 

identifying available data and developing additional data to al low quantifi

cation of the tradeoffs. 

Existing Data 

Some of the early research on shoulder use (li, 20, £1) was done by 

Bellis (1957), Billion (1959) and Blensley and Byers (1959). It is difficult 

to draw conclusions from this early work or apply it to today's conditions. 
-

The most significant impact of this work was the publication of a "Shoulder 

and Rest Area Use Study Procedure Guide" (ff.) by the Highway Research Board 

(now the Transportation Research Board) in 1962. Despite the data 1 imita

tions, the fol lowing summary of miles per stop (See Table 34) was prepared by 

Hauer and Lovel 1 (23). 

Table 34. Previously Reported Vehicle Stop Rates (Miles per Stop) 

Taragin Bellis Billion 

Vehicle N.A. New Jersey* New York 

Types N.A. 6am-10pm 8am-8pn 

EMERGENCY STOPS 

Passenger car 7500 13450 23000 

Truck 5200 5200 

LEISLRE STOPS 

Passenger car 300 980 2200 

Truck 150 2000 

* Skyway, no shoulders available for stopping. 

** Freeway signed: No Parking on Highway Shoulders. 

*** Categories are: involuntary and voluntary stops. 

****All vehicles and stops. 
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Hauer and Lovell also draw conclusions concerning general relationships 
(23). For every emergency stop by a passenger car, there are 7 to 8 leisure 
stops. For every emergency stop by a truck, there are about 5 leisure stops. 
Trucks stop for emergencies almost 3 times more frequently than cars. It is 
cautioned that this data is primarily for daytime stops. 

Data from the New Jersey Turnpike Authority (24) in 1981 and 1982 
indicated 38,226 to 39,891 vehicle miles per aid. Aids included mechanical 
assistance, out of gas, flats, overheating, and miscellaneous. This may be 
consistent with the notion of 7 to 8 leisure stops for every involuntary 
stop. 

Data from California Department of Transportation (25) for Los Angeles 
freeways based on stationary observation of a 2.62 mile section of the 
Hollywood Freeway (State Route 101) indicates a stop vehicle rate of 1 per 
9,800 vehi c 1e-mi1 es based on 337 observati ans. The disablement rate (stops 
greater than 8 minutes) was 1 per 25,000 vehicles miles. The median stop 
time was 4.75 minutes, and the mean was approximately 17 minutes. 

The mainl ane stop vehicle rate on the Hollywood Freeway was one per 
110,000 miles based on 30 traffic lane stops in 3.31 million vehicle miles. 
This included 14 brief stops of which 10 were momentary stalls. The stop 
rate excluding momentary stalls would be 1per165,000 vehicle miles. It 

should be noted that momentary stalls would likely be missed in the moving 
vehicle method used in some other studies. 

The Hal lywood Freeway study section had few opportunities for left 
shoulder stops, with only 2 in lane stops being observed (0.6 percent of 
total). The data could reasonably be considered representative of the no 
left shoulder situation. 

The other sixteen of the Hal lywood Freeway traffic lane stops were 
disablements. Twelve of the disablements drove or were pushed to the right 
shoulder. Only four of the disablements remained in the lane until removed 
from the scene. The stopped vehicle rate is one in 825,000 vehicle miles for 
those remaining in the traffic lane for the duration of the disablement. 
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The California study (e) also excluded 66 stops by police and 6 by 
maintenance vehicles. If these vehicles are added to the data base, the 
overall stopped vehicle rate drops to 1 in 8100 vehicle-miles. As will be 

seen later, this is still rather infrequent relative to Texas data. A possi

ble explanation is the number of discretionary stops. However, there is no 

method available to test this thesis. 

In conclusion, the California data at least partly suggest why the 

variation exists in mainlane stop rates. The California data is collected 
using stationary observers which indicates a significant number of momentary 
stalls. Also, a number of mainlane stops are either driven or pushed to the 

shoulder. Stops that remain in the mainlane occur about once in 825,000 

vehicle-miles. If momentary stops are included, the mainlane stop rate is 1 

in 110,000 vehicle-miles. Excluding momentary stalls yields a stopped 

vehicle rate of 1 in 165,000 vehicle-miles. 

Given the wide variation in data, and the inconsistencies in collecting 
and reporting vehicle stop data, two data collection efforts were undertaken. 

The first study was undertaken because it could quickly produce some data at 
virtually no cost. A second study as a part of this project used the 

experiences of the first data collection effort to refine a data collection 

methodology appropriate to the study objectives. Both efforts are reported 
in the following sections. 

Study 1 

The first data collection effort in Texas was added to another study 1s 

data collection in Houston during the period of November 1983 to March 1984. 

The study that was underway involved travel time runs on sections of the Gulf 

(I-45 South), North (I-45 North), and Katy (I-10 West) freeways in Houston, 

Texas. During the travel time runs, the observer was also responsible for 

recording shoulder usage and vehicles stopped (i.e. parked) in the mainlanes. 

The section of Gulf Freeway was 18.2 miles long from Choate Raad to 

Hogan Street. The North Freeway section covered a distance of 9.3 miles from 

FM 149 to Hogan Street. The last section on the Katy Freeway included the 
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12.7mi1 e section between State Highway 6 and Washington Street. The data 
was collected using one vehicle rotating through each section at 30 minute 
headways. Each site was studied from 6·:00 a.m. to 10:30 a.m. and also 
between the hours of 4:00 p.m. and 6:30 p.m. 

The results of the study are summarized in Table 35. The data is 
consistent with that reported elsewhere given the wide fluctuation generally 
reported. Some trends do appear to exist in these data. Of particular 
importance is the rate of mainlane stops. Mainlane stops appear to be 
disproportionately represented in the section without any shoulders. 
Mainlane stops were observed at a rate of 1 in 167,196 vehicle-miles overall 
as compared to 1 in 16,129 vehicle-miles for the one section without any 
shoulders. The no shoulder rate is also consistent with the Bellis data (see 
Table 34). It should also be noted that the no inside shoulder sections are 
underrepresented in the occurrence of mainlane stops. This would suggest 
that the absence of left shoulders does not contribute to significantly 
increased mainlane stops. 

Study 2 

The data collected expressly for this project initially included two 
sites in Dal 1 as (Airport Freeway and 01 d DFW Turnpike) and three sites in 
Houston (North Freeway, Gulf Freeway and Katy Freeway). The stopped vehicle 
data was collected using one vehicle operating at 10 minute headways except 
on State Highway 183 where data was collected every 20 minutes. 

Two adjacent sections of Airport Freeway (State Highway 183) in Dallas, 
Texas were studied from August 20-24, 1984. Site A runs from County Line 
Road on the west to Belt Line Road on the east, a total of 2.2 mi 1 es. The 
second section, Site B, continues east from Belt Line Road a distance of 3.5 
miles to Carl Road. Site A is a full shoulder section and described more 
fully in a previous section on accident analysis. Site A had an 1984 ADT of 
103,000 on six lanes. Site Bis a no shoulder section and is more fully 
described in a previous section on accident analysis. Site B had an 1984 ADT 
of 120,000 on six lanes. 
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Table 35: Vehicle Stop Rates by Location in Houston, Texas 

Nunber Vehicle Type of Left Left Mainlane Main lane Type of Right Right Total Total 

of Miles Left Shoulder Shoulder Stops Stop Rate Right Shoulder Shoulder Stops Stop Rate 

Directional of Shoulder Stops Stop Rate Shoulder Stops Stop Rate 

Lanes Travel 

3 29,469 50% Full l 29,469 0 0 50% unpaved 0 0 l 29,4ll 

50% None 50% None 

3 42,400 Full 3 14,084 0 0 Full unpaved 0 0 3 14,084 

3 1,155,719 Full 37 31,250 6 200,000 Full 233 4,950 276 4,187 

3 61,982 None 0 0 0 0 50% Full unpaved l 62,500 l 62,500 

50% None 

3 50,488 None 0 0 0 0 50% Full 3 16,949 3 16,949 

50% None 

3 10,698 None 0 0 0 0 Full 6 1,782 6 1,782 

3 21,960 None 0 0 0 0 75% None 6 3,623 6 3,623 

25% Full unpaved 

3 59,935 None 0 0 0 0 50% Full 16 3,745 16 3,745 

3 279,526 None 0 0 0 0 Full unpaved 22 12,658 22 12,658 

3 80,073 None 0 0 5 16,129 None 0 0 5 16,129 

4 464,764 Full 14 33,333 2 250,000 Full 108 4,310 124 3,748 

5 84,001 Full 4 21,276 l 84,001 Full 31 2, 710 36 2,333 - - - -

Total Avg. 2,340,750 59 39,674 16 167,196 426 5,495 499 4,694 



A summary of the types of stops observed is shown in Table 36. In 

addition to recording shoulder usage, the vehicle license plate number was 
recorded so that the owner could be sent a questionnaire. Detai 1 s of the 

questionnaire are discussed in a later section. 

Table 36: Airport Freeway Shoulder Stop Time Sllllllary 

Location II of Stops Mean Time Median Time 

(Minutes) (Minutes) 

Right Shoulder 99 98.9 20 

Left Shoulder 4 35.0 28 

Main lanes l 40.0 40 

TOTAL 104 95.9 20 

The second set of sites was on the Katy Freeway (Interstate Highway 10 

West) in Houston, Texas. Three adjacent sections were studied from November. 

5-9, 1984. Site A goes from State Highway 6 on the west to Dairy Ashford, a 

distance of 2.3 miles. Site B continues east from Dairy Ashford a distance 

of 2.2 miles to Brittmoore. Site C continues east from Brittmoore to 
Blalock. Site c is 2.3 miles in the eastbound direction and 2.9 miles in the 

westbound direction. Site A has full shoulders. Sites Band c have no left 

shoulders, full right shoulders, and six traffic lanes. 

The 1984 ADTs for the sites are 114,000, 150,000, and 175,000 for sites 

A, B, and C, respectively. Stopped vehicle data was collected using two 

vehicles passing through the sites at ten minute headways. A summary of the 

data collected is presented in Table 37. 

Table 37: Katy Freeway Shoulder Stop Time Sllllllary 

Location II of Stops Mean Time Median Time 

(Minutes) (Minutes) 

Right Shoulder 168 61.9 13.5 

Left Shoulder 5 37.6 13.0 

Mainlanes 0 0 0 

TOTAL 173 61.2 13.0 
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The third set of sites was on the old DFW Turnpike (Interstate Highway 

30) in Dal las, Texas. The data was collected during the week of December 17-

21, 1984. Site A begins at the western end of the study section which is 

Loop 12 and runs for .a distance of 2.2 mil es to Marker 2. The 1 ast section 
is designated Site c and runs from Marker 2 a distance of 0.8 miles to 
Beckley Road. Sites A, B, and C have ful 1 shoulders, partial left/ful 1 right 
shoulders, and no left/ful 1 right shoulders, respectively. All sites have 

six traffic lanes. 

The ADT for Sites A, B, and C is 78,000, 86,000, and 94,000 vehicles per 
day, respectively. Stopped vehicle data was collected using two vehicles 

passing through the study sections at 10 minute headways. A summary of the 

data is shown in Table 38. 

Table 38: Old DFW Turnpike Shoulder Stop Time SU1V11ary 

Location II of Stops Mean Time Median Time 

(minutes) (minutes) 

Right Shoulder 179 44.4 10 

Left Shoulder 2 10.0 10 

Mainlanes 0 0 0 

TOTAL 181 44.0 10 

The fourth set of sites was on the North Freeway (Interstate Highway 45) 

in Houston, Texas. Three adjacent sections were studied the week of January 

7-11, 1985. The northern limit is North Belt and Site A runs 3.0 miles 
southward to FM 149. Site B continues south from FM 149 1.5 mil es to Norht 

Shepherd. Continuing south, Site C runs 2.3 miles to Tidwel 1. Sites A and B 

have full shoulders on both sides. Site Chas no left shoulders and full 

right shoulders. 

The ADT for Sites A, B, and C is 165,000, 172,000, and 171,000 vehicles 

per day, respectively. Stopped vehicle data was collected using two vehicles 
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at ten minute headways. A summary of the shoulder stops is given in Table 

39. 

Table 39: North Freeway Shoulder Stop Time SU1111ary 

Location It of Stops Mean Time Median Time 

(minutes) (minutes) 

Right Shoulder 139 63.9 14 

Left Shoulder 4 276.2 27 

Mainlanes 0 0 0 

TOT PL 143 69.8 14 

The last site in this study group of five was the Gulf Freeway (Inter

state Highway 45 South) in Houston, Texas. Data was collected at a single 

site during the week of March 25-29, 1985. The limits of the study were 

Airport Blvd. on the north and Alameda-Genoa Road on the south. The length 

of the study section was 2.1 miles. The site has full shoulders on both 

sides. The data are summarized in Table 40. 

Table 40: Gulf Freeway Shoulder Stop Time SUllllary 

Location It of Stops Mean Time Median Time 

(minutes) (minutes) 

Right Shoulder 96 39.9 11 

Left Shoulder 8 31.2 30.5 

Mainlanes 0 0 0 

TOTAL 104 39.2 11 

The data from the five sites is summarized by stop location (left 

shoulder, mainlanes, or right shoulder) in Table 41. Usage of the left 

shoulder is infrequent even on sections with full paved inside shoulders. 

The one observed mainlane stop was on a section with no inside shoulder. It 
cannot be determined if the lack of an inside shoulder contributed to the 

mainlane stop. The observed stop represents a rate of 1 per 483,000 vehicle 
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Table 41: Sunmary of Stop Frequency by Location (Study 2) 

Nunber of Vehicle Left Left Left Mainlane Mainlane Right Right 

Directional Miles Shoulder Shoulder Shoulder Stops Stop Rate Shoulder Shoulder 

Lanes of Type Stops stop Type Stops 

Travel Rate 

3 83,842 Full 2 41,666 0 0 Full 75 

3 809,877 Full 21 38,461 0 0 Full 333 

3 483,760 None 0 0 l 483,752 Full 200 

3 88,290 Partial 0 0 0 0 Full 73 

TOTAL 1,465,770 23 63,729 l 1,465,770 681 

•This inside shoulder has a cross section that is 4.5' paved and 14.5' unpaved. 

Right Total Total 

Shoulder Stops Stop 

Stop Rate 

Rate 

1,118 77 1,089 

2,433 354 2,288 

2,421 201 2,407 

1,209 73 1,209 

705 2,079 



miles based on attributing the stop to the lack of inside shoulders. If the 

stop is unrelated to inside shoulkders, the rate is 1 per 1,465,770 vehicle

miles observed. These data appear to be somewhat high relative to Table 35 

and the California data. Table 35 appears more representative of mainlane 

stops. 

The Study 2 data were collected on a more frequent basis (10-20 minutes 

versus 30 minute for Study 1). This would likely produce a shorter mean 
miles/stop due to the observation of more short duration stops. However, 
Study 2 produced less frequent stop rates for left shoulders and mainlanes. 

The data for left lanes and mainlanes would have to be considered less 

reliable due to the limited number of observations. Overal 1, general 

patterns do emerge. 

Table 42 portrays the data by cross section type. Comparing the 

sections with and without inside shoulders (the third and fourth group in 
Table 41) suggests that the overall shoulder stop rate is only slightly 

affected by the lack of an inside shoulder. 

Table 42: Sl.llVllary of Stop Frequency by Cross Section Type 

ft of Left Right Freq. Cun. Vehicle-miles Miles/ 

Lanes Shoulder Shoulder Freq. of Travel Stop 

3 Partial Full 73 73 88,290 1,209 

3 Full,. Full 77 150 83,842 1,089 

3 None Full 201 351 483,760 2,407 

3 Full Full 354 705 809,877 2,288 

•This inside shoulder has a cross section that is 4.5' paved and 

14.5' unpaved in width. 

Given the low usage rate of left shoulders, it is logical that the 

overa 11 stop rate would be little affected by the presence or absence of a 

left shoulder. As wi 11 be shown later, left shoulder stops involve less 

leisure or discretionary purpose stops. 
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Table 43 summarizes the data by study location. The data appears to be 

consistent. The mean stop time can easily be distorted by one long term stop 

and the median value is clearly the preferred indicator of stop time. 

Table 43: Stop Time by Study Location 

* Right Shoulder * 
Site Total Stops Mean Median 

I-10 168 61.9 13.5 

I-30 179 44.4 10.0 

I-45 (North) 139 63.9 14.0 

I-45 (Gulf) 96 39.9 11.0 

SH 183 99 98.9 20.01 

TOTAL 681 60.0 13.0 

* Left Shoulder * 
Site Total Stops Mean Median 

I-10 5 37.6 13.0 

I-30 2 10.0 10.0 

I-45 (North) 4 276.2 27.0 

I-45 (Gulf) 8 31.2 30.0 

SH 183 4 35.0 28.01 

TOTAL 23 74.0 20.0 

* All Shoulders * 
Site Total Stops Mean Median 

I-10 173 61.2 13.0 

I-30 181 44.0 10.0 

I-45 (North) 143 69.8 14.0 

I-45 (Gulf) 104 39.2 11.0 

SH 183 104 95.9 20.01 

TOTAL 705 60.4 13.0 

lAll sites used 10 minutes between observation except 

for SH 183 which used 20 minutes. 
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Motorist Survey 

The above reported data is based on the observation of a survey vehicle 
driving through the study sites every 10 minutes. In order to maintain 
consistent headways and also due to the difficulties in changing lanes in 
heavy traffic to stop on the appropriate shoulder, it was determined that 
additional information concerning vehicle stops could be obtained by 
recording vehicle license plates and mailing the registered owner a survey 

questionnaire. The questionnaire was pretested and refined based on some 
early experience in Dal las, Texas. The final form of the survey is shown in 
Figure 56 except that the individual questionnaire for each study location 
included a map at the top of the survey form indicating the study section 
location. Surveys were distributed on the Airport Freeway, Old DFW Turnpike, 
Katy Freeway, and the North Freeway. There was no s·urvey distributed to the 
Gulf Freeway motorists. 

A total of 455 questionnaires were mail ed. This is 76 percent of the 
601 observed stops on the study sections. Those not mailed questionnaires 
included trucks registered to companies, vehicles registered in other states, 
unreadable license plates, and license plates that were read incorrectly. 
The response rate for the questionnaires was 26 percent, yielding a total of 
119 useable responses as summarized in Figure 56. However, only 41 percent 
of those responding indicated that they had in fact stopped on the study 
section. This may have been the result of a variety of factors including the 
casual nature of some stops, other drivers using the vehicle, and errors in 
recording license plate numbers. Therefore, out of 703 observed stops, only 
49 useable responses (7 percent of the total observed) were received. This 
is not considered an acceptable number of responses to draw conclusions; 
howeve~ the data is reported for information purposes. 

Seventy-seven percent of the respondents indicated that their stop was 
involuntary. This is not consistent with the previously reported rate of one 
emergency stop for every 7 or 8 1 eisure stops. Looking at a map might be 
considered voluntary. Certainly it could be deferred. This would make 
virtually al 1 other stops involuntary. However, one could al so consider 
stopping to assist another motorist voluntary, unless it was a friend or 
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KITORISTS S~VEY RESPONSE StJ+tARY1 

- Reasons for- Stopping on Outside Shoulders -

This survey concerns the portion of Interstate Hi!tJway 2 between and 

1. Do you recall recently stopping on the shoulder or the actual traffic lanes of Interstate Hii;tnray? 

49(41%) Yes 48(40%) No 22(19%) Do not use the highway 119 Responses 

If you answered this question "Yes," please fill out the remainder of the survey. If you answered ''No" or "Do 

not use" please return the survey in the enclosed envelope. 

2. What was the reason for stopping along Interstate Hii;tnray? 49 Responses 

16(33%) Mechanical ___ Changing Drivers/ 4( 8%) Assisting Another 

6(12%) Flat Adjusting Load Motorist 

~ Accident 

6(12%) No Gas 

~ Rest/Sleep 

~ Bad weather 

___ Stopped for 

Violation 

11(22%) Looking at map 

___ Other (specify) 

3. was your stop 11(23%) voluntary (you could have driven to the next exit) or 36(77%) involuntary? 

47 Responses 

4. what is your vehicle type? 49 Responses 

9(18%[ C001pact 6(12%) Pickup 2U!l. Light Truck (2-Axles) __ Heavy Truck (3 Axles or more) 

27(55%) Full size 2( 4%) van ~Other (specify) 

5. If there was no shoulder to stop on, what would you have done? 

15(50%) Stopped in the traffic lane 

30 Responses 

12(40%) Driven to the next exit or safe place to stop that was not in the traffic lanes. 

3(10%) Other (explain) ----------------------------------

6. Please indicate whether or not you left your vehicle, and if so, why? 49 Responses 

27(55%) Did not leave 4( 8%) Picked up by other motorist/friend/police 

14(28%) Get help or gas 4( 8%) Other (explain) --------------------

7. Approximately how long was your vehicle stopped? 

---=-°ays 2 Hours 6 Minutes 43 Responses 

std error: 37 minutes 

lReturned surveys, totaled 119 out of 455 mailed out. 

2t1ighway description, as appropriate. Survey were mailed to users of SH 183 and 1-30 in Dallas, and users 

of 1-10 and 1-45 in Houston. 

Figure 56. Outside Shoulder Survey Form and Responses 
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spouse. It appears there is an overrepresentation in responses from those 
persons who had more serious reasons for stopping. That is, those who made 
leisure stops may not have been as likely to remember stopping as would 
someone who had "car trouble". G{ven the low response rate (7 percent), the 
inconsistency with other surveys, and the inconsistency with observed stop 
rates, the results of the survey must be viewed cautiously. 

The fifth question is intended to determine the deferrable nature of 
stops in another way by asking if the vehicle could be driven to the next 
exit. Only 40 percent of the respondents indicated that they could have 
driven to the next exit. Furthermore, 50 percent of the respondents ind i -
cated that they would have had to stop in the mainlanes. These responses 
appear to over estimate stop rates. Looking at the data reported earlier in 
Table 33, the overal 1 stop rate was 1 per 4,694 vehicle-miles. If 50 percent 
of the stops were not deferrable, then a section with no shoulders should 
experience a stop rate of about 1 per 9,000 vehicle miles. Using Table 33 
the observed rate was on per 16,129 vehicle-mil es, or nearly 2 times less 
frequent than would be predicted from the survey. 

The low effective response rate on the motorist survey led to considera
tion of abandoning further survey work. However, given the desire to obtain 
additional information on left shoulder usage, a new approach was developed. 
A special survey was undertaken to obtain information only from users of the 
left shoulder. No attempt was made to control the time at which a left 
shoulder user was observed as had been the case for the general survey. 
Furthermore, the survey vehicle was only concerned with the left shoulder, so 
the survey vehicle driver could position himself in the left lane. This 
al lowed for the driver to stop and either hand a questionnaire to the driver 
or leave a questionnaire on the windshield of the vehicle. This approach 
obviously eliminated the problem of identifying the correct vehicle and 
driver. The survey forms are shown in Appendix D. 

Figure 57 shows the locations in Dal las, Texas where left shoulder users 
were surveyed. A total of 100 questionnaires were distributed. On average, 
one vehicle was observed for every ten miles traveled. Figure 58 shows the 
locations surveyed in Houston, Texas. An average of 41 miles of travel was 
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required for every left shoulder survey distributed. A total of 24 question
naires was distributed. No explanation is available for the wide variation 
in the usage between Dallas and Houston, although the overall vehicle stop 
rate is twice as frequent in Dallas as Houston. 

The questions and responses to the questionnaire are shown in Figure 59. 
The response rate for the inside shoulder survey was 34 percent or 42 res
ponses. The most significant finding would be the higher rate of involuntary • stops for those using the left shoulder. This is consistent with the notion 
that drivers would appear to prefer to use the right shoulder when the option 

exists. 

The responses appear to be inconsistent with observed mainlane stop 
rates. Referring to Table 35, an average, overall stop rate might approxi
mate 1 in 5000 vehicle-miles. Further, the left shoulder stop rate is about 
1 in 30,000 miles. If only 17 percent of those stopping could use the right 
shoulder, the mainlane stop rate would be estimated at 1 in about 36,000 
vehicle-mil es. The observed main 1 ane stop rate with fu 11 shoulders both 
sides is about 1in189,000miles in the Table 35 data set. The California 
data (25) suggest a rate of 1 in 165,000 vehicle miles for no left/full right 
shoulders. This would suggest that the 1 in 36,000 vehicle-miles stop rate 
is unreasonably frequent for a section without a left shoulder. It is 
difficult to accept the survey data given the discrepancy between the two 
data sets. At this point in time, it would appear more appropriate to use an 
estimated value given the subjective nature of the survey, the low number of 
responses, and the fluctuation in observed data (fl). 

The inside shoulder survey generated comments from more than half of the 
respondents (23 comments of the 42 responses). The comments, which are 
included in Appendix D,included 13 positive remarks (i.e., expression of 
need) about shoulders. Motorists who use shoulders clearly appreciate them 
as indicated by the effort taken to write a comment. This is an unusually 
large number of comments especially considering the remarks were all 
generally about the need or value of inside shoulders. 
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Inside Shoulder Stops 

1. what was the reason for stopping on the freeway shoulder? 42 Responses 

Involuntary 

(48%)--1Q_,Jv1echanical Problem 

(21%)--2......F'lat Tire 

(24%) 10 Out of Gas .,_.---

-~-Stopped for Violation 

( 2%)_L_Other 

Voluntar, 

___ Changing Drivers 

(5%)_2_Rest/Sleep 

___ Assisting Motorist 

___ Looking at Map 

Other 

2. Had there been no left (inside) shoulder, could you have driven to the right (outside) shoulder? 

(17%) 7 Yes (83%)~No 42 Responses 

3. Had there been no left or right shoulder, could you have driven to the nearest freeway exit? 

(12%) 5 Yes (88%)_2LNo 41 Responses 

4. Approximately, for how long was your vehicle stopped? 

-1..,_Days -1._Hours 9 Minutes ---- 41 Responses 

Mean: 4.9 Hours 

Median: 3 Hours 

5. Comments: 26 Responses 

1A total of 124 survey forms were delivered to cars stopped on the inside shoulder of freeways 

in Dallas and Houston. 

Figure 59. Inside Shoulder Survey Form and Response 
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LANE POSITIONING WITH NO LEFT SHOULDER 

The elimination of the left shoulder potentional ly impacts operation in 

a number of ways including capacity and increased mainlane stops. Further

more, shoulder removals have typically narrowed lanes to 11 ft. (and oc

casionally less). Given the need to al locate available cross section space 

between lanes and perhaps providing some shoulder space for barrier 11 shy 11 

(the tendency to move away or avoid) distance, a study was made of the impact 

of a concrete median barrier on lane placement. The study on the Katy Free

way section involved a 611 shoulder section separating a concrete median 

barrier from an 11-foot, six-inch traffic lane. Essentially, the inside lane 

is 12 ft. and the lane line is approximately 611 from the toe of the barrier. 

Figure 60 shows the three study locations. Lane placement was measured 

at three locations using an overhead camera. Markings were placed on the 

pavement at one foot intervals. The results are segregated by peak and off

peak periods, trucks (i.e. vehicles with more than 2 axles) and cars. The 

data was collected during the period August 19 to 23, 1985. The peak period 

observations were between 7 a.m. and 9 a.m. Off-peak observations were be

tween 11 a.m. and 1 p.m. The weather was clear. 

Tab 1 es 44 and 45 present the data co 1 1 ected. The data is portrayed 

graphically in Figures 61 and 62. The data generally shows a greater impact 

on trucks than cars and a greater impact during off-peak hours. 

Table 44 indicates cars move 1.1 ft. right during off-peak periods and 

0.9 ft. right during peak periods. Trucks fol low a similar pattern; however, 

they move only 0.6 ft. during off-peak and 0.5 during peak periods. Cl early, 

increasing traffic volume causes some 11 shy 11 factor from the right. 

The conclusion to be drawn from the data is that a barrier with 1 foot 

of an el even foot 1 ane causes vehicles to "shy" away up to about 1 foot. 

This suggests that some additional shoulder width would be desirable to e

liminate or reduce the "shy" distance. Further study would be necessary to 

quantify the relationship. It would seem reasonable to add an additional 
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foot to the shoulder width to account for the one-foot "shy" distance 

experienced by cars. This suggest a 2 ft. minimum left shoulder width. 

Table 44: Katy Freeway Barrier Clearance Study - cars 

Peak Distance in Feet from Left Edge Line to Vehicle 

Location 0 - 0.9 1.0 - 1.9 2.0 - 2.9 3.0 - 3.9 4.0 - 4.9 5.0+ 

Site l l 267 680 177 16 l 

(Mean = 2.4 ft) (0.09) (23.4) (59.5) (15.5) ( 1.4) (0.09) 

Site 2 87 677 379 31 l 

(Mean 2.8 ft) ( 7.4) (57.6) (32.2) ( 2.6) (0.08) 

Site 3 15 403 604 133 10 

(Mean 3.3 ft) ( 1.3) (34.6) (51.8) (11.4) (0.8) 

All Sites l 369 1760 1160 180 12 

(Mean 2.8 ft) (0.03) (10.6) (50.5) (.33.3) ( 5.2) (0.3) 

Off Peak Distance in Feet from Left Edge Line to Vehicle 

Location 0 - 0.9 1.0 - 1.9 2.0 - 2.9 3.0 - 3.9 4.0 - 4.9 5.0+ 

Site l 165 750 191 19 

(Mean 2.5 ft) (14.7) (66.7) (17.0) ( 1. 7) 

Site 2 37 511 479 96 6 

(Mean = 3.1 ft) ( 3.3) (45.3) (42.4) ( 8.5) (0.5) 

Site 3 5 218 603 244 44 

(Mean 3.6 ft) ( 0.4) (19.6) (54.l) (21.9) (3.9) 

All Sites 207 1479 1273 359 50 

(Percent Mean = 3.1 ft) ( 6.1) (43.9) (37.8) (10.6) (1.5) 

Values shown are nlJllber of observations per cell and row percentage in ( ). 
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Table 45. Katy Freeway Barrier Clearance - Trucks 

Peak Distance in Feet from Left Edge Line to Vehicle 

Location D - 0.9 1.0 - 1.9 2.0 - 2.9 3.0 - 3.9 

Site l 6 44 7 l 

(Mean =1.6 ft) (10.5) (77.2) (12.3) ( l. 7) 

Site 2 18 28 

(Mean = 1.8 ft) (72.0) (28.0) 

Site 3 14 21 

(Mean = 2.1 ft) (40.0) (60.0) 

All Sites 6 76 35 l 

(Mean = 1.8 ft) ( 5.1) (64.4) (29.7) ( 0.8) 

Off Peak Distance in Feet from Left Edge Line to Vehicle 

Location 0 - 0.9 1.0 - 1.9 2.0 - 2.9 3.0 - 3.9 

Site l 2 59 14 

(Mean = 1.7 ft) ( 2.7) (78.7) (18.7) 

Site 2 2 29 36 4 

(Mean = 2.1 ft) ( 2.8) (40.8) (50.7) ( 5.6) 

Site 3 24 54 8 

(Mean = 2.3 ft) (27.9) (62.8) .< 9.3) 

All Sites 4 112 104 12 

(Mean = 2.0) ( 1.7) (48.3) (44.8) ( 5.2) 

Values sh:lwn are nunber of observations per cell and row percentages in ( ). 

136 



DELAY CONSIDERATIONS 

One benefit uf shoulder removals is reduced delay resulting from added 
capacity. A variety of means might be used to alter the median cross section 
in order to increase effective person-movement capacity. An example of the 
magnitude of benefits can be seen by example, using the Southwest Freeway (US 

59) in Houston. 

The analysis is based on a 10 mile section of the Southwest Freeway from 
West Belt to just inside the West Loop (I-610). The data is based on the 
FREQ7 computer simulation model developed by the University of California at 
Berkeley. An estimate of benefits (present value of a 20-year benefit 
stream) associated with selected alternative approaches is summarized in 
Table 46 (26, 27). These costs define the general magnitude of benefits on a 
congested freeway. 

Table 46. Estimated Present Value of Benefits Associated with Alternative 

Uses of the Median Area, southwest Freeway (US 59) Analysis 

Alternative Use Present Value of Benefitsl 

(millions of dollars) 

One Additional Traffic Lane In Each 

Direction $600 

one Lane Reversible Transitway $600 

Two Lane Transitway $680 

laenefits included are reduced passenger hours of travel, reduced 

fuel consumption and reduced transit operating cost. A 10% discour:it 

rate, a $7.00 per hour value of time, and a $50 per bus hour rate is 

used for a 20-year analysis period. 

Source: FREQ analysis, Southwest Freeway, West Belt to I-610 (approx. 

10 miles). 
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What has not generally been considered in the past is the magnitude of 

di sbenefi ts caused by incidents. Capacity increases are noted on "typi ca 111 

days which ignore incidents. The analysis of delay disbenefits requires data 

on breakdown which was reported earlier. It should be cautioned that the 
data are at best estimates, but should at least indicate the magnitude of the 
disbenefits. 

In order to estimate the increase in mainlane breakdowns due to the 

absence of a left shoulder, it would be necessary to assume a number of 

factors. Looking at Table 33, there are 484,319 vehicle-miles of travel 

observed with no left shoulder and no mainlane stops. However, the same data 

set indicates a mainlane stop rate of 1 in 189,000 vehicle-miles with full 

shoulders. The mainlane stop rate for the entire data set in Table 33 is 1 

in 167,196. The previously reported survey data would suggest a mainlane 
breakdown every 60,000 vehicle-miles based on 50 percent of the left shoulder 

users indicating they would stop in the mainlanes. Using another set of 

assumptions, the rate was estimated earlier at one in 161,000. It is 

difficult to explain the apparent inconsistencies in the data. Fortunately, 

the accuracy of the main 1 ane breakdown rate does not affect the cone 1 us ion 

relative to operational effects. 

An analysis of the delay caused by a breakdown suggests a median time of 

15 minutes is appropriate for analysis. Recal 1 ing the California data, 

vehicles disabled in traffic are generally moved or pushed to the shoulder. 
It is reasonable to conclude that stop time is generally less than that 

observed for vehicles stopping on shoulders, which is 13 minutes. Since the 
delay incurred per breakdown is a function of the time of day the breakdown 

occurs, it is necessary to construct a weighted average cost. 

The analysis is again based on the Southwest Freeway for consistency. 

Delay costs are calculated using a modified version of the QUEWZ (_gz_) model. 

The modification was necessary to al low use of 15-minute (rather than hourly) 
volumes and capacity. The assumed capacity is 1,700 vehicles per hour in 4 

lanes and 1,500 vehicles per hour in 3 lanes during an incident. Estimated 
delay costs using QUEWZ are $2,500 per 15 minute incident, based on $10 per 

vehicle-hour of delay (29). 
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The approach to be taken for analysis is to. estimate the frequency of 

mainlane stops required to negate the $600 million in potential benefits by 

converting a shoulder to a traveled lane as shown in Table 44. The uniform 

annual cost equivalent to a $600 million present value is $70 million 

assuming a 20 year analysis period and a 10 percent interest rate. Given a 

$2,500 cost per incident, the number of incidents per year required to 

generate 70 mil lion is 28,190 or about 77 per day. 

Assuming an ADT of 208,000 vehicles per day exists 365 days per year 

over 10 miles yields 759mil1 ion vehicle-miles per year. This is equivalent 

to a mainlane incident every 27,000 miles. This is clearly more frequent 

than the worst case estimate of 60,000 miles; it is also much less than a 
best judgement estimate of 1 mainlane incident per 160,000 vehicle-miles. 

It should be noted that the delay cost equivalent of 1 incident per 

27,000 vehicle-miles indicates that a no shoulder section (i.e. no left or 

right) would experience an incident delay cost in excess of the benefits 

associated with added capacity that could be achieved by removing both 

shoulders. Increasing capacity by taking away both shoulders (i.e., no 

emergency parking opportunities available) should not be considered a cost 
effective treatment. 
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CONCLUSIONS AND REC°"'ENDATIONS 

The removal.of a left shoulder (i.e., removal of all but 2 ft.) on an 

existing urban freeway can be a cost-effective and safe means of providing 

additional mixed-flow or barrier separated high occupancy vehicle lane 

capacity. Under congested conditions (ADT/Lane greater than 20,000 vehicles 

per day), the removal of a left side shoulder should be considered an appro

priate treatment to improve capacity and appears to improve safety as well 

when the project can reasonably be expected to reduce the level of congestion 
(ADT/Lane 1 ess than 18,000 vehicles per day). 

The conversion of shoulders to travel lanes (either mixed flow or 

barrier separated high occupancy vehicle lane) does not suggest that ful 1 

left shoulders are undesirable on new constructions. The provision of inside 

shoulders is regarded highly by the travel ling public and highway engineers 

as a desirable feature. Furthermore, provision of a full inside shoulder 

provides increased flexibility to handle future traffic needs. 

It has al so been concluded that 1 eft shoulder removals are preferable to 

right shoulder removals even though right shoulder removals are often easier 

to implement. Right shoulder removals appear to be safe treatments when 
parking opportunities exist beyond the shoulder. It would, however, appear 

desirable to provide paved parking areas when right shoulders are removed. 

Adding a lane at the expense of removing both shoulders does not appear 

to be a practice that should be considered except in the most unusual cir

cumstances. Sections with no shoulders appear to have higher accident rates. 

There is also a tendency towards higher accident severity rates on no shoul

der sections. These findings are consistent with the unusually high 

probability of a traffic lane blockage for no shoulder sections. It has also 

been shown that the delay costs are 1 ikely to exceed the benefits of added 

capacity due to removal of al 1 shoulders. The fact that some short sections 

of no shoulders have been safely implemented is the basis for suggesting that 

the treatment may be appropriate in limited instances; however, careful 

analysis is suggested. 

141 



The study findings suggest that left shoulder removals do.not affect 

accident severity. In addition, the effects of 11 spot 11 shoulder removals 
appear to be long-term. That is to say, accident rates do not appear to 

increase with time after a shoulder has been removed. 

It is also concluded indirectly that safety is not significantly 

affected by narrowing lanes to 11 ft.. The capacity effects of 11-ft. lanes 

is also believed to be insignificant. 

The barrier 11 shy 11 study indicates vehicles are being forced to move up 

to one foot closer to the adjacent lane when the barrier is within one foot 

of the left lane. It appears reasonable to conclude that a minimum desirable 

width for 11 no shoulder" is 2 ft. 
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APPENDIX A 

SUMMARY OF STATE RESPONSES TO QUESTIONNAIRE ON 
THE USE OF HIGHWAY SHOULDERS TO INCREASE CAPACITY 





IFPENJIX A 

SUMMARY OF STATE RESPONSES TO QUESTllJ-INAIRE ON THE 
USE OF HIGHWAY SHOLLDERS TO IN~EASE CAPACITY 

No. State ResE!onsel C001111ents 
Positive Negative None 

l Alabama x 
2 Alaska x 
3 Arizona x 
4 Arkansas x 
5 California x 
6 Colorado x 
7 Connecticut x Climbing lane data 

provided. 
8 Delaware x 
9 District of Columbia x 

10 Florida x 1-95 in Miami has 
been restriped to· 
provide HOV lane. 

11 Georgia x No details available. 
12 Hawaii x Interchange lanes and 

weaving sections; 
minor projects. 

13 Idaho x 
14 Illinois x 
15 Indiana x Considering future 

project. 
16 Iowa x 
17 Kansas x Considered for 1-35 

in Kansas City but 
rejected for safety 
reasons. 

18 Kentucky x 
19 Louisiana x 
20 Maine x 
21 Maryland x 
22 Massachusetts x Previously cited Cl); 

no new details. 

23 Michigan x 
24 Minnesota x 
25 Mississippi x 
26 Missouri x 
27 Montana x 
28 Nebraska x 
29 Nevada x 
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APPENDIX A (can't) 

SM4ARY CF STATE RESPONSES TO ~ESTIONNAIRE ON THE USE 
CF HIGHWAY SHOLLDERS TO IN~EASE CAPACITY 

No. State Reseonse1 Coovnents 
Positive Negative None 

30 New Hampshire x 
31 New Jersey x Provided accident 

rates tables. 
32 New Mexico x 
33 New York x 
34 North Carolina x Scheduled project to 

upgrade outer shoulder 
to travel lane in 1984-
89. 

35 North Dakota x 
36 Ohio x 
37 Oklahoma x 
38 Oregon x Banfield Freeway pre-

viously docunented (l)· 

39 Pennsylvania x 
40 Rhode Island x 
41 South Garolina x 
42 South Dakota x 
43 Tennessee x 
44 Texas x Internal information. 
45 Utah x 
46 Vermont x 
47 Virginia x I-95 previously docu-

mented (l). 

48 washington x Information not on hand. 
49 west Virginia x 
50 Wisconsin x 
51 Wyoming x 

!Positive means that information was provided on at least one project; Negative means response 
stated that no project had been undertaken during the period considered; None means no 
response was received, thereby projects unknown. 
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APPENDIX B 

PROJECTS USING FREEWAY SHOULDERS 
TO INCREASE CAPACITY 





Location 

Dates 

Treatment 

Design-Half 
Cross Section 

Project 
Length 

Hours of 
Operation 

Costs 
Implementation 
Maintenance 

Results 
Capacity 
Traf. Ops 
Safety 

Comments 

Reference 

Arizona 

1-10 between 24th Street and Broadway Road, Phoenix 

Operations Began: March 1980 
Operations Stopped: March 1981 

Restriped six traffic lanes (both ways) to provide eight 
lanes using right shoulders. After one year of operation 
lanes were restriped, back to original six lanes. 

Before: 
During: 

2', three 12' lanes, 10' 
2', four 11' lanes, 2' 

Eastbound: 3.7 miles 
Westbound: 3.3 miles 

24 hours 

$73,500 
Not available 

Before: 105,000 vpd; LOS "E-F" 
During: 115 ,000 vpd; LOS "C-D" 
Back to Original: 117,000 vpd; LOS "E-F" 
Apparent decrease in traffic accidents due to added capaci
ty, with eight lane operation but results are unclear due 
to other intervening factors. 

Before and during 8-lane operation analyses were conducted 
but several factors changed during the one year duration of 
this project. Operating speeds increased and motorist 
delay decreased during the 8-lane operation. 

Evaluation of the 1-10 (24th Street to Broadway Road) 6-
lane vs 8-lane Freeway Operations, Internal Report, Arizona 
Department of Transportation, Traffic Design Services, 
Phoenix, Arizona, August 1983. 
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Location 

Dates 

Treatment 

Design-Half 
Cross Section 

Project 
Length 

Hours of 
Operation 

Costs 
Implementation 
Maintenance 

Results 
Capacity 
Tra f. Ops 
Safety 

Comments 

Reference 

California 

LA-7 Northbound between Atlantic Blvd. and Route 5, Los 
Angeles 

Operations began: February 1981 

Restriped four lanes to five lanes using 4' of median and 
31 of right shoulder. Concrete barrier wall installed. 

Before: 8', four 12' lanes, 10' 
After: 4 1

, five 11 1 lanes, 7' 

Not available 

Unknown 

Not available 

Not available 

Internal Memorandum from Isaac Michiel to R. Smith, Divi
sion of Traffic Engineering, District 7, California Depart
ment of Transportation, February 7, 1984. 
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Location 

Dates 

Treatment 

Design-Half 
Cross Section 

Project 
Length 

Hours of 
Operation 

Costs 
Implementation 
Maintenance 

Results 
Capacity 
Tra f. Ops 
Safety 

Comments 

Reference 

California 

LA-60 Eastbound at Hacienda Blvd, Los Angeles 

Operations Began: June 1982 

Restriped four lanes to five lanes by using 7' of the 
median shoulder before offramp. 

Not available 

0.4 miles 

Unknown 

Not available 

Not available 

Internal Memorandum from Isaac Michiel to R. Smith, Divi
sion of Traffic Engineering, District 7, California Depart
ment of Transportation, February 7, 1984. 
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Location 

Dates 

Treatment 

Design-Half 
Cross Section 

Project 
Length 

Hours of 
Operation 

Costs 
Implementation 
Maintenance 

Results 
Capacity 
Tra f. Ops 
Safety 

Comments 

Reference 

Ca 1 i forni a 

LA-110 Southbound at Route 10, Los Angeles 

Operations began: August 1983 

Restriped three lanes into four lanes. 

Varying cross section 

0.5 miles 

24 Hours 

Not available 

Collector road is c~rrying 600 vph more during pm peak. 
Travel time during pm peak reduced 2 minutes between 3rd 
Street and Washington Blvd. More weaving required at ramps 
but no accident data available. 

This is a collector road viaduct project. 

Internal Memorandum from Isaac Michiel to R. Smith, Divi
sion of Traffic Engineering, District 7, California Depart
ment of Transportation, February 7, 1984. 
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Location 

Dates 

Treatment 

Design-Half 
Cross Section 

Project 
Length 

Hours of 
Operation 

Costs 
Implementation 
Maintenance 

Results 

Comments 

Reference 

California 

LA-118 Eastbound at Topanga Canyon Blvd., Los Angeles 

. Construction Began: 
Operations Began: Fall 1983 

Restriped right shoulder as a second lane to offramp. 

Unknown 

0.4 mile 

Part time 

Not available 

Not available 

Internal Memorandum from Isaac Michiel to R. Smith, Divi
sion of Traffic Engineering, District 7, California Depart
ment of Transportation, February 7, 1984. 
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Location 

Dates 

Treatment 

Design-Half 
Cross Section 

Project 
Leng ht 

Hours of 
Operation 

Costs 
Implementation 
Maintenance 

Results 
Capacity 
Tra f. Ups 
Safety 

Comments 

Reference 

California 

ORA-5 Northbound between 17th Street and Main Street, 
Orange County 

Operations began: December 1983 

Restriped three lanes to provide four lanes by using 51 + 
of median and outside shoulders. 

Not Available 

Not available 

Unknown 

Not available 

Not avail ab 1 e 

Internal Memorandum from Isaac Michiel to R. Smith, Divi
sion of Traffic Engineering, District 7, California Depart
ment of Transportation, February 7, 1984. 
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Location 

Dates 

Treatment 

Design-Ha 1f 
Cross Section 

Project 
Length 

Hours of 
Operation 

Costs 
Implementation 
Maintenance 

Results 
Capacity 
Tra f. Ops 
Safety 

Comments 

Reference 

California 

ORA-22 Eastbound between City Ori ve and Northbound 5 
Connector, Orange County 

Operations Began: August 1980 

Restriped three lane to provide four lanes by using 7' +of 
median and outside shoulders. 

Not available 

Not avail ab 1 e 

Unknown 

Not av a i1 ab 1 e 

Not available 

Internal Memorandum from Isaac Michiel to R. Smith, Divi
sion of Traffic Engineering, District 7, California Depart
ment of Transportation, February 7, 1984. 
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Location 

Dates 

Treatment 

Design-Half 
Cross Section 

Project 
Length 

Hours of 
Operation 

Costs 
Implementation 
Maintenance 

Results 
Capacity 
Traf. Ops 
Safety 

Comments 

Reference 

Ca 1 iforni a 

ORA-22 Westbound between Route 5 and Brookhurst, Orange 
County 

Operations Began: January 1982 

Restriped three lanes to four lanes by using 7' +of the 
median and outside shoulders. 

Not available 

Not avail ab 1 e 

Unknown 

Not av a i1 ab 1 e 

Not available 

Internal Memorandum from Isaac Michiel to R. Smith, Divi
sion of Traffic Engineering, District 7, California Depart
ment of Transportation, February 7, 1984. 
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Location 

Dates 

Treatment 

Design-Half 
Cross Section 

Project 
Length 

Hours of 
Operation 

costs 
Implementation 
Maintenance 

Results 
Capacity 
Tra f. Ops 
Safety 

Comments 

Reference 

Ca 1 iforni a 

ORA-405 Northbound between Harbor Blvd. and Brookhurst, 
Orange County 

Operations Began: May 1983 

Restriped four lanes to five lanes using median except at 
structures where left and right shoulders were reduced. 

Before: 8 1 four 12 1 lanes, 10 1 

After: 3 1 five 11 1 lanes, 10 1 

Not available 

Unknown 

Not available 

Not available 

Internal Memorandum from Isaac Michiel to R. Smith, Divi
sion of Traffic Engineering, District 7, California Depart
ment of Transportation, February 7, 1984. 
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Location 

Dates 

Treatment 

Design-Ha 1f 
Cross Section 

Project 
Length 

Hours of 
Operation 

Costs 
Implementation 
Maintenance 

Results 
Capacity 
Tra f. Ops 
Safety 

Comments 

Reference 

Hawaii 
I 

I-1 (Hawaii 1) between Pali Highway and Kapiolani Viaduct 

Operations began: 1980 

Four independent weaving sections built on outside shoul
ders, with lane width reduced by restriping. 

Not av a i1ab1 e 

Not available 

24 Hours 

Unknown 

Not available 

Letter from Mr. Eiichi Tanaka, Traffic Engineer, Hawaii 
Department of Transportation, dated January 11, 1984. 
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Location 

Oates 

Treatment 

Design-Half 
Cross Section 

Project 
Length 

Hours of 
Operation 

Costs 
Implementation 
Maintenance 

Results 
Capacity 
Traf. Ops 
Safety 

Comments 

Reference 

Hawaii 

Moanalua Road at Middle Street Interchange 

Operations Began: 1979 

Restriping from two lanes to three lanes by use of inside 
and outside shoulders to provide HOV lane. 

Before: two 12 1 lanes 
After: three lanes (two at 10 1

, one at 11 1
) 

0.23 mile 

24 Hours 

Not Av a i 1 ab 1 e 

Not Available 

Project implemented as part of safety improvements. 

Freeway reconstruction still underway. 

Letter from Mr. Eiichi Tanaka, Traffic Engineer, dated 
January 11, 1984. 
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Location 

Dates 

Treatment 

Design-Half 
Cross Section 

Project 
Length 

Hours of 
Operation 

Costs 
Implementation 
Maintenance 

Results 

Comments 

Reference 

Illinois. 

Cook County, I-94 (Kennec\y Expressway) between Washington 
Blvd. and Ohio Street 

Construction began: 
Operations began: August 1980 

Widening from four lanes to five lanes by use of inside and 
outside shoulders. Resurfacing and installation of some 
barrier walls included. 

Before: Four 12' lanes, within 59'-4" surface 
After: 11", five 11' lanes, 11" 

0.75 mile 

24 hours 

$1.45 million (estimated) 
unknown 

Before and after study still in progress 

Overal 1 project costs including drainage, lighting and 
signing estimated at $2.71 million. 

Request for Non-Major Action concurrence and Design 
Approval. Il 1 inois Department of Transportation, July 
1978. 
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Location 

Dates 

Treatment 

Design-Half 

Cross Section 

Project 
Length 

Hours of 
Operation 

Costs 

Results 

Comments 

Reference 

New Mexico 

I-25 North of "Big I" interchange with I-40 

. Construction began: 
Operations began: 

August 1980 
May 1981 

Paved inside shoulder; reduced inside shoulder to 3 1 

Before: 41 (plus 14 1 grass median) two 12 1 lanes, 91 (to 
curb) 

After: 3 1
, three 12 1 lanes, 9' (to curb) 

0.84 miles 

24 Hours 

Unknown 

Unknown 

No reduction in lane width. 

Design Plans 
Letter from Mr. G. Parker Bel 1, Traffic Design Engineer, 
New Mexico Highway Department, dated December 28, 1983. 
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Location 

Dates 

Treatment 

Design-Half 
Cross Section 

Project 
Length 

Hours of 
Operation 

Costs 
Implementation 
Maintenance 

Results 
Capacity 
Tra f. Ops. 
Safety 

Comments 

Reference 

Texas 

I-10 (Katy Freeway) between North Post Oak and West Belt, 
Houston 

Construction began: April 1983 
Operations began: (full length) August 1984 

Resurface and restri pe three 1 an es as required to a 11 ow 
transitway in median. Inside shoulders eliminated. 

Before: L.S. varied (3 1 -10 1
), three 12 1 lanes, 10 1 

After: 6" separation, three (12 1
, 11 1

, 11') lanes, 10 1 

6.4 miles (Phase 1 only) 

24 Hours 

$14.0 million (estimated for highway only) 
Unknown 

No significant difference 
Study underway 

This project is part of a barrier protected median transit
way, under construction. 

TTI reports and working papers. 
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Location 

Dates 

Treatment 

Design-Half 

Cross Section 

Project 
Length 

Hours of 
Operation 

Costs 
Implementation 
Maintenance 

Results 
Capacity 
Tra f. Ops. 
Safety 

Comments 

Reference 

Texas 

I-45 (North Freeway) between Downtown Houston and North 
Shepherd (Phase 1); North Shepherd to North Belt (Phase 2), 

. Houston 

Construction began: May 1983 
Operations began: 1984 ongoing by segment 

Resurface, widen and restri pe three 1 an es as required to 
allow for transitway in median. Inside shoulders elimi
nated. 

Before: 8', three 12' lanes (inside lane is HOV), 10' 

After (typical): No L.S., three 12' lanes, 10' 

13.5 miles 

24 Hours 

$33.0 million (highway estimate) 
Unknown 

No loss in capacity 
Improved as existing HOV is transferred to transitway 
Study underway 

This project is part of a barrier protected median transit
way, under construction. 

TTI reports and working papers. 
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Location 

Dates 

Treatment 

Design-Half 
Cross Section 

Project 
Length 

Hours of 
Operation 

Costs 
Implementation 
Maintenance 

Results 
Capacity 
Traf. Ops 
Safety 

Comments 

Reference 

Texas 

I-45 (Gulf Freeway) between Lockwood and Hobby (Phase l); 
Downtown to Lockwood (Phase 2); Hobby to Choate (Phase 3), 

. Houston 

Construction began: September, 1982 
Operations began: 1984 ongoing by segment 

Resurface, widen pavement and restripe lanes as required to 
al low for transitway in median. Inside shoulders el imi
nated. 

Before: 10', three, four, or five 12' lanes; 12' 
After: No L.S., three, four, or five 11.5' lanes; R.S. 

varies. 

11. 7 mil es 

24 Hours 

NA 
NA 

Same level 
Same level 
Study underway 

This project is part of a barrier protected median transit
way, under construction. 

TTI reports and working papers. 
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Location 

Dates 

Treatment 

Design-Half 
Cross Section 

Project 
Length 

Hours of 
Operation 

Costs 
Implementation 
Maintenance 

Results 
Capacity 
Traf. Ops. 
Safety 

Comments 

Reference 

Virginia (Update) 

I-395 Northbound King Street to Glebe Road; Southbound 
G]ebe Road to Duke Street 

Operation began: Spring 1984? 

Inside and outside shoulders used, together with narrower 
lanes to provide an extra lane 

Before: 61
, three 12' lanes, 10' 

After: 2', four 11' lanes, 6' 

Northbound 1.5 miles 
Southbound 3.5 miles 

24 Hours 

Northbound $1.2 million (estimated) 
Southbound $2.8 million 
$0. 4 mi 11 ion per year "' 

Adequate to handle 1978 demand 
Unknown 
Unknown 

These improvements are part of the HOV facility being built 
together with an electronic Traffic Management System. 
Total project cost $12. 5 mil lion (estimated) 

Letter from Mr. Richard C. Lockwood, Transportation Pl an
ning Engineer, Virginia Department of Highways and Trans
portation, Richmond, Virginia, dated January 12, 1984. 
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APPENDIX C 

RECENT PUBLICATIONS ON 
SAFETY OF FREEWAY SHOULDERS 
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A search was made for documents analyzing recent experience (1~79 

through 1984) on the safety of freeway shoulders. Most previous documents 

were referenced by Dick Mccasland in Freeway Modifications to Increase Ca

pacity (1) and are not considered here. However, three reports dated between 

1977 and 1978, not listed by Dick Mccasland, were found to be relevant to 

this subject. Publication title and abstracts are listed below. 

Abrahamsohn, G.A.; Conversion of Freeway Shoulders to Traffic Lanes for Local 
Congestion Relief, Ontario Ministry of Transportation & Convnunication, Cana
da, October 1982. 

The approach applied in this study was divided into two parts 
consisting of five major tasks. In part 1, all issues and concerns 
related to the use of freeway shoulders were addressed, and general 
conclusions derived. In part II, a case study, the conclusions 
derived in part I were applied to one specific section of the 
Highway 401. The case study of Part II translates the conclusions 
of Part I into an evaluation process and serves to illustrate the 
site-specific nature of this alternative. The use of freeway 
shoulders is not the on 1 y way to el imi na te l oca 1 bott 1 enec ks on 
freeways. For any given site, the use of the freeway shoulder 
should be considered as one possible alternative which must compete 
against various other solutions to the same problem. 

CoDJDercial Vehicles in Collisions Involving Vehicles Parked or Stopped on 
Highway Shau lders - Special Study, Federa 1 Highway Administration, Washing
ton, O.C., 1977, Report HS-021-103. 

A pilot study on In-Depth Accident Investigation Reports in
volving commercial and noncommercial vehicles parked on shoulders 
of highways covers accidents during nine calendar years, 1967 
through 1975. Its purpose is to alert interested parties as to the 
causes and results of moving vehicles colliding with those parked 
on shoulders of interstate and other hghways and to stress the 
importance of motorists stopping on highway shoulders only for 
purposes relating to motor vehicle breakdowns or other emergency 
situations. Constant evaluation of causes of specific types of 
accidents is necessary, through in-depth accident investigations. 
A series of tables and graphs depict distribution and classifica
tion of accidents by type and results. One accident is analyzed 
with numerous photographs. Of the 58 accidents investigated, in
volving vehicles parked on highway shoulders, 47 happened on inter
state highways; drivers dozing at the wheel and al lowing their 
vehicles to travel onto the paved shoulders was the primary cause 
factor in 31 of the 58 (53%). Fifty-two occurred between 11:31 
p.m.; 90% were rear end type co 11 is ions. Recommendations a re to 
study the need for a contrast in texture of highway shoulders from 
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that of the traveled portion of the highway to the point of produc
ing a "rumble effect" to alert dozing drivers that they are leaving 
the travel led portion of the highway, and induce a safe recovery; a 
study of the present signing and mapping· of rest areas to determine 
whether adequate information is being given; and a need for addi
tiona 1 pedestrian advisory information warning them to stay away 
from the traveled portion of the road unless actually engaged in 
the repair of the vehicle. 

Downs, H.G., and Wallace, D.W.; Shoulder Geometrics and Use Guidelines, NCHRP 
Rpt. 254, Transportation Research Board, Washington, D.C., December 1982. 

This report contains the results of a study of highway should
er design practices and operational uses throughout the United 
States. The study has determined that the shoulders along highways 
are subjected to a variety of uses by the traveling public, ad
jacent property and business owners, agencies that build and main
tain the highways, law enforcing agencies, and organizations that 
provide public services. Guidelines are provided for shoulder 
design elements such as width, surface type, cross slope, special 
signing, and markings that best satisfy the requirements for each 
identified shoulder use for various classifications of highways. 

The research reveals considerable nonuniformity in the design 
and modification of highway shoulders to safely, economically, and 
efficiently satisfy the many uses they serve. Some nonuniformity 
can be attributed to local laws that permit certain shoulder uses 
in some states that are i 11ega1 in other states. Considerable 
nonuniformity results from differeing signing and marking practices 
employed to control shoulder use because the "Manual on Uniform 
Traffic Control Devices," published by the Federal Highway Admini
stration, permits alternatives for some signing and marking prac
tices. 

Appendixes E, F, and G of the agency report covering review of 
the literature, details of agency visits and interviews, and 
shoulder occupancy data are not included in this publication but 
are contained in an Addendum to NCHRP Report 254. Copies of the 
addendum have been distributed to the program sponsors and are 
available to other interested persons by contacting the Director, 
Cooperative Research Programs, Transportation Research Board, 2101 
Constitution Avenue, N.W., Washington, D.C. 20418. 

Kragh, B.C.; Stopped Vehicles on Freeway Shoulders, Public Roads, Vol. 47, 
No. 3, December 1983, pp 77-101. 

Because of the concerns expressed by California and Texas 
regarding the safety problem of vehicles stopped on roadway should
ers, the Federal Highway Administration (FHWA) budgeted research to 
determine the magnitude of the problem, assess the exposure (oppor
tunity for an accident) of stopped vehicles, identify causal fac
tors, and consider possible countermeasures to decrease the inci
dent and/or severity of shoulder accidents. Before initiating a 
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ful 1-scale study, preliminary in-house ~ctivities were conducted to 
determine if it was feasible to collect exposure data of vehicles 
stopped along freeways. This article describes the in-house ac
tivities that were conducted, which included a literature review, 
developing a study· plan, and limited data collection and analysis. 

Mccasland, W.R.; The Use of Freeway Shoulders to Increase Capacity - A Re
view, Texas Transportation Institute, Texas A&M University, College Station, 
Texas, January 1984, Res. Rept. 210-10. 

Every sector of urban transportation faces the problems of 
rising costs, limited funds, and depleting resources with which to 
provide for increasing travel demands. Getting the greatest pro
duction out of the existing transportation facilties is the goal of 
every transportation agency. The Texas State Department of High
ways and Public Transportation is testing the concept of increasing 
roadway capacity on urban freeways by restriping the mainlane 
pavement with narrower lane widths and encroaching on the shoulder 
to create one additional lane for travel. 

Two sections of US 59 Southwest Freeway in Houston were modi
fied for study. Before and after data were collected over a seven
year period to determine the effectiveness of reconfiguring the 
surface geometrics of freeways to provide an additional lane for 
travel 24 hours a day. A second section was modified to provide 
the additional lane during peak periods only on weekdays. This 
"permissive" design was studied over a four-year period. Both 
sections have experienced reduced accident rates and improved traf
fic fl ow. 

Rinde, E.A.; Accident Rates vs Shoulder Width, California Department of 
Transportation, Sacramento, California, September 1977, Report No. CA-DOT-TR-
3147-1-77-01. 

The California Department of Transportation used a before-and
after technique to evaluate 37 widening projects representing 143 
miles (230 km) of improved road. The projects were completed 
essentially on existing alignment. Accident rates were reduced for 
each of the three new widths studied: 28 ft (8.5 m), 32 ft (9.8 
m), and 40 ft (12.2 m). These represent shoulder widths of 2 ft 
(0.6 m), 4 ft (1.2 m), and 8 ft (2.4 m), respectively. Previous 
widths ranged from 20 to 24 ft (6.1 to 7.3 m) for the 28-ft widen
ing, 18 to 24 ft (5.5 to 7.3 m) for the 32-ft, and 20 to 26 ft (6.1 
to 7.9 m) for the 40-ft. Accident reductions were 16 percent for 
the 28-ft widening with less than 3,000 AADT, 35 percent for 32-ft 
with less than 5,000 AADT, and 29 percent for 40-ft with more than 
5,000 AADT. Reductions were statistically significant for the 32-
and 40-ft widths. 

The study recommended paving widths of 40 ft (12.2 m) for AADT 
of more than 5 ,000; 32 ft ( 9.8 m) for AADT between 3 ,000 and 5 ,000; 
and either 28 or 32 ft {8.5 or 9.8 m) for AADT less than 3,000, 
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depending on an economic analysis, except that existing 24-ft {7.3 
m) roads should be widened to 32. ft. 

Although the accident rate reductions _were attributed entirely 
to the shoulder widening, the reductfon may, in part, be due to 
improved signing, striping, intersection geometrics, some small 

, curve corrections, and the new surfacing constructed concurrently 
with the widening. 

Thompson, R.P., and Juge, J.D.; Service for Standed Motorist, Volume 1, 
California Departmen of Transportation, District 7, Sacramento, California, 
July 1978, Report No. 07-391-665105. 

This report summarizes study objectives of the service for 
stranded motorist project and presents findings. It quantifies the 
motorists aid system, analyzes the experimental state owned and 
o per a t e d mot o r i st s a i d sys te m, and e v a 1 u a t e s the s e r v i c e pat r o 1 
concept as a means of improving conditions for the stranded motor
ist and as a tool for traffic management. 

Results of the evaluation have shown that public response to 
the service patrol was very favorable, both in terms of its useful
ness and capability to meet the needs of the stranded motorist. 
Also, the benefit cost ratio for the effectiveness of the service 
patrol operation was 1.51. 

This volume, volume II, and volume III comprise the final 
report for the "Service for Stranded Motorist" project. Volume II 
contains 8 individual reports of which each report is of a techni
cal nature and presents more detailed analysis of the various 
studies conducted. ·The reports are: 1) work and evaluation plan, 
and 2) preliminary investigation of methods currently in use on 
Los Angeles Urban Freeways for effecting aid to stranded motorists, 
3-preliminary investigation of the Los Angeles Freeway telephones, 
4-service patrol pilot study, 5-service patrol pilot study, 6-
characteristics of stopped vehicles on urban freeways in Los 
Angeles, 7-A study of existing freeway cal 1 box system on Los 
Angeles Urban Freeways and 8-comparison of different service patrol 
operation modes. Volume III contains the service patrol operation 
manual and the vehicle and equipment report. 

Zegeer, Charles U. and Perkins, David D.; The Effect of Shoulder Width and 
Condition on Safety: A Critique of Current State of the Art, paper prepared 
for presentation at the 59th Annual Transportation Research Board Meeting, 
Washington, D.C., January 1980. 

Most previous studies were found to be outdated and only 2 of 
them considered the effect of shoulder width on related accident 
types (run-off-road and head-on accidents). Severa 1 studies used 
biased samples such as tangent only sections or sections influenced 
by major intersection data. The study was primarily concerned with 
rural highways. 
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APPENDIX D 

SHOULDER SURVEY FORMS 
AND 

RESPONSES 





THE TEXAS A&~I UNIVERSITY SYSTE;\I 
TEXAS TRANSPORTATION INSTITUTE 

COLLEGE STATION TEXAS 77843·3135 

TRANSPORT OPERATIONS PROGRAM 

Dear Motorist: 

(409) 845·1535 

A survey on the use of highway shoulders along Texas freeways is being 
conducted for the State Department of Highways and Public Transportation. 
Your assistance is very important since only a small number of motorists 
can be contacted. Please help by answering the questionnaire below. 

The following questions concern your stop on the freeway shoulder at 
the time you received this questionnaire. Please answer each question 
s i nee all are important. Your comments on the use of highway shoulders 
are welcome. Individual responses will be treated confidentially and you 
do not need to identify yourself. 

Please detach and mail the postage-paid questionnaire at your earliest 
convenience. Your cooperation is appreciated. 

TU:kab 

Sincerely, 

~-lL~rLC2_ 
Thomas Urbanik II 
Program Manager 

l. What was the reason for stopping on the freeway shoulder? 

Involuntary 

Mechanical Problem 
--Flat Tire 
--Out of Gas 
--stopped for Violation· 

Other 

Voluntary 

O'langing Drivers 
--Rest/Sleep 
--Assisting Motorist 
~coking at Map 
--Other 

2. Had there been no left (inside) shoulder, could you have driven to the right (outside) shoulder? 

__ Yes No 

3. Had there been no left or right shoulder, could you have driven to the nearest freeway exit? 

__ Yes No 

~ Approximately, for hO'lf long was your vehicle stopped? 

__ Days Hours __ Minutes 

5. Ccmnents:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Motorists Survey Cmlents 
Reasons for Stopping on the Inside Shoulders 

1. we need left shoulders more than you think. 

2. I am so thankful that shoulder was there, if not the huge trucks behind me would of done who knows what. I 
was in a Ford Escort •. You.can imagine how I felt. 

3. I think the left shoulders in this case was a possible life saver. I tried to get to the right shoulder 
and exit, but it was impossible, the traffic was too heavy, it would have caused a major traffic jam. 
Thanks for the concern. 

4. Called wrecker immediately. I do not like to leave my vehicle on shoulder. 

5. My husband and I both are very happy about the freeway shoulder, but it would really help if there were 
call boxes also, because its extremely dangerous trying to cross the freeway to call for help. 

6. No one stopped or offered help in all that time. No officer of the law was seen. 

7. I stopped on the left shoulder because it was wider. I had to get off quick or block rush hour traffic. 

8. Conditions of flat was too severe for any other action besides i!Mlediate stop. 

9. More comfort stations along our highways would help a lot. 

10. I was glad there was a shoulder. 

11. My car was stopped due to low visibility and high winds and heavy rains. I wrecked. 

12. I'm just glad there was a left shoulder. 

13. Get the loose gravel off the side. 

14. Why not create some street help such as emergency phone about every 60 miles. A few walk overs would be 
nice. 

15. when entering Loop 12 at Shady Grove in Irving before Grawyler, there was large pieces of cement all 
across the highways. There was no way to avoid those pieces and got two back flat tires. 

16. Sure glad there was a left hand shoulder or I would have died. Semi-truck trailers should tie equipment 
down better so vehicles will not be endangered. 

17. The wide left shoulder was extremely helpful since I was on an 8-lane highway. 

18. I feel highway shoulders are very important for mechanical reasons. I also feel people should realize 
what they are for arx:l not use them unnecessarily. 

19. It is extremely dangerous to get back to the freeway from the left shoulder after the car has started. 

20. I like I-10 because it has an inside shoulder. The Southwest freeway is a mess arx:l always backed up. It 
has no inside shoulder and I-45 North is becoming the same way. It has no inside shoulder. In work traffic 
you need an inside and outside shoulder for cars with trouble to be able to pull out of traffic. 

21. Shoulders each side absolutely necessary for safety, continuous traffic flow, proper intended use of 
freeway. 

22. There would have been one hell of a traffic jam had the shoulder not been there, this occured at 4:45 pm on 
the Gulf Freeway. 

23. Highway shoulders are necessary and very helpful for emergency stops. 
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