





THE COMMONWEALTH OF MASSACHUSETTS
MASSACHUSETTS HIGHWAY DEPARTMENT
INTEROFFICE CORRESPONDENCE

TO: Director of Project Management

FROM: Patricia Leavenworth, P.E., District Hig
DATE: March 20, 2007

SUBJECT: BOSTON - Massachusetts Avenue
Revised Design Exception Report
Project File No. 600636
Design Engineer — GPI
Project Manager — Kimberly Sloan

The District has reviewed the revised Design Exception Report for the subject project. -
The designer has revised the Design Exception Report that was originally approved by the
Chief Engineer on January 15, 2003.

The revised design includes narrowing the proposed median on Massachusetts Avenue
between Albany Street and St. Botolph Street to 4 feet. The proposed raised median was
originally designed to be variable width, 3 feet to 8 feet (5 feet to 10 feet including the
one foot shoulders). The median cross section will include a 2 foot raised median with a
brick surface and two one foot shoulders. A design exception was approved for one foot
left shoulders in the original Design Exception Report.

The District Projects Section recommends approval of this Revised Design Exception
Report with the following considerations. The 2 foot median will be too narrow for sign
placement. Also, visibility and maintenance issues may arise due to the narrow width.

Should you require any additional information relative to this matter, please contact Brian
Fallon, P.E., District Projects Engineer at (781) 641-4875.
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1.0 EXECUTIVE SUMMARY

1.1 | Background

The original design exception report for this project was submitted in September 2002 and
approved in January 2003. An amendment to the original report has been prepared for the
following reasons:

e Revisions to project limits

* Change from Metric to English measurement units

¢ 25% Plans varied from original design exception

* Comments from City of Boston regarding cross section
¢ Requested by MassHighway District 4

Only the sections from the original 2002 report that have been updated are included in this
amendment.

The limits of this project along Massachusetts Avenue start approximately 150 feet south of
Albany Street and extend approximately 100 feet north of St. Botolph Street. This is a total
project length of 4,600 feet (0.87 mi) along Massachusetts Avenue. The northerly limit of the
project was revised as a result of the Symphony Area Streetscape Project, which is currently
being managed by the City of Boston (City). This project has advanced through preliminary
design and will be advertised for final design by the City. The Symphony Area Streetscape
Project extends along Massachusetts Avenue from north of St. Botolph Street to north of
Westland Avenue. :

1.2 Proposed Project

No changes to this section.

1.3 Design Exceptions

This _report is prepared in accordance with MassHighway's 1997 Highway Design Manual .

" (HDM), Chapter 8. The purpose of this report is to present the rationale fo support the request
for design exceptions to lane, shoulder width, cross slope, raised median width and bicycle
accommodation controlling criteria.

Section 4 of this report provides more information on the requested design exception.




2.0 EXISTING CONDITIONS

2.1 Location

Massachusetts Avenue is a major urban arterial roadway under local control, providing
north/south access. The section of Massachusetts Avenue which is the subject of this study
connects Albany Street to the south and Saint Botolph Street to the north. Typically, there are
two general purpose lanes in each direction with left turn lanes provided at certain intersections.
Some of these intersections have inadequate left turn lanes which are not properly shadowed,
causing vehicles to make abrupt lane changes at the intersections. There is a raised median for
the length of the project.

2.2 Functional Classification & Land Uses

No changes to this section.

2.3 Traffic Character & Volumes

Traffic data was collected in 1994 and again in 1999. Manual turning movement counts and
classification counts (TMC) during the morning and evening peak hours were performed in 1994
to identify the peak hour design volumes. In 1999 manual tuming movement counts were
performed at some of the intersections along the project and 24 hour Automatic Traffic Recorder
(ATR) counts were taken along Massachusetts Avenue as part of the Chester Square Feasibility
Study. '

‘More recent data was collected in 2002. TMC and vehicle classification counts were performed

at the intersections within the project limits during the weeks of March 10, 2002 and March 24,
2002 during the morning and evening peak hour periods. This data was supplemented with
counts performed in February 2005 at the intersection of St. Botolph St. The 2002 data was
projected to 2005 using an average annual growth rate of 0.25% (this growth rate is consistent
~ with that utilized in the FDR). Pedestrian volumes were collected at all project intersections as
part of the 2002 TMC counts and utilized to determine concurrent/exclusive pedestrian phasing.

2.4 Speeds

No changes to this section.

2.5 Existing Lane & Shoulder Widths

No changes to this section.

2.6 Right-of Way Layouts

No changes to this section.




2.7 Accident Data

No changes to this section.

2.8 Environmental Factors

The corridor has a limited amount of green space along the median, which separates the
directions of travel for the length of the project. There are no trees within the median and there
are some trees in the sidewalks. There are no wetland resources within the project limits.

2.9 Cultural Resources

No changes to this section.




3.1 Project Description

No changes to this section.

3.2 Purpose

No changes to this section. -

3.3 Improvements

No changes to this section.

3.0 PROPOSED IMPROVEMENTS




4.0 DESIGN EXCEPTIONS

4.1 Controlling Criteria

As indicated in Section 1.3 of this report, a design exception is requested for lane, shoulder
width,|cross slope, raised median width and bicycle accommodation controlling criteria. The
reasons these controlling criteria cannot be provided in accordance with MassHighway standards
are as follows:

a)

b)

g)

Widening to the widths shown in Table 5.1 of the HDM would require significantly
reducing sidewalks and/or strip land acquisitions for the entire length of the project.

Any significant pavement widening will result in encroachments into the adjacent
sidewalks which would be unacceptable given the significant pedestrian volumes and
historic character of the South End Landmark District. The presence of utility poles,
traffic signals, street lighting, and other appurtenances in this narrowed sidewalk would
result in restrictions to the clear path as required under ADA regulations.

Several multi story brick buildings would have to be demolished in order to widen the
roadway beyond the existing layout line.

Over 100 sets of steps and access points would have to be modified if the roadway were
to be constructed beyond the existing layout line.

Section 5.1.5 of the HDM indicates that “travel lanes should be designed for a cross slop
of O 020 meter/meter.” Given the fact that existing 1g grades muse be miet at the layout line,
1t is not possible to propose the standard roadway cross slope of 2%

The only way to achieve the lane widths shown in Table 5.1 without the need for
landtaking or significant sidewalk encroachments would be to either prohibit left turns on
Massachusetts Avenue or not provide an exclusive left turn lane at intersections. Both of
these options would result in unsafe conditions and poor traffic operations. Providing
properly shadowed exclusive left turn lanes is a key element to the project. The left turn
demand is significant enough to make left tum prohibition unreasonable. An exclusive
left turn lane is required at the intersections for safety and capacity purposes. Without the
exclusive lane, the through volumes would be blocked, greatly reducing capacity at
intersections. The proper shadowing of the left turn lanes prevents through vehicles from
inadvertently entering the left turn lane and becoming ‘trapped’.

The existing cross section at the project limits has to be matched. This dictates the
proposed cross section at the project limits.




4.2 MHD & AASHTO Standards

The standard criteria for lane and shoulder widths are set forth in Tables 5.1 and 8.1 of
MassHighway's 1997 Highway Design Manual (HDM) as follows: (the desirable and minimum
widths are from Table 5.1 and the substitution width is from Table 8. 1)

. substitution
parameter desirable minimum width
(urban major arterial)

- lane width 3.75m (12°) 3.50m(11.5%) 3.3m(11°)
- usable right shoulder width 3.00m (10°) 2.50m (8%) 24m(8)
- usable left shoulder width 1.25m 4’) 1.25m (4) 1.2 m (4)

bicycle (lane & shoulder) 5.00m (16°) 4.50m (15%)
The criteria is broken down as follows by AASHTO (2001).

parameter desirable acceptable

(urban major arterial)

- lane width 3.6m(12°) 330m(11%)
- usable shoulder width* n/a n/a
n/a n/a

- bicycle (shared parking lane) 36m(12’) n/a
*AASHTO p. 477 suggests that “shoulders are desirable” but “their use is generally limited due
to restricted right-of-way and the necessity of using the available right-of-way for traffic lanes.”

Therefore, no numerical values are stated.

The proposed widths are as follows:

parameter Albany to
St. Botolph*

(urban major arterial)

- lane width 33m (1)
- usable right shoulder width 1.1m (3’)
- usable left shoulder width 0.3m (1°)
- bicycle (lane & shoulder) 4.4m (14°)

bicycle (shared parking lane) 33m(11°)

*Exceptions to these cross section values are proposed for short distances at the approaches to
the intersections of Albany Street, Columbus Avenue and St. Botolph Street. This is described in
detail in section 4.4.




Section 5.2.1.2 of the HDM indicates that “the minimum width of median should be 2.0 meters,
which allows for a 1.0 meter raised area with a 0.5 meter offset between the outside edge of the
raised area and the travel lane” (p. 5.11.0). Along the block of Massachusetts Avenue between
Columbus Avenue and St. Botolph Street, the proposed median reduces to a minimum width of
4’ (1.2 meters), which includes a 2’ (0.6 meters) raised brick island and a 1’ (0.3 meters) offset
from the outside edge of the raised area and the travel lanes.

Section 5.1.5 of the HDM indicates that “on flexible pavements travel lanes should be designed
for a cross slope of 0.020 meter/meter” (p- 5.07.0). Throughout the project, varying cross slopes
are required so that grades can be met at the layout line with no impacts to private property.
Varying cross slopes in combination with varying curb reveals are utilized throughout the project
to achieve this.
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4.3 Proposed Values

The proposed lane and shoulder widths for Massachusetts Avenue are shown in the chart in
Section 4.2. Minimum lane and shoulder widths for urban major arterial cannot be provided due
to reasons mentioned in Section 4.1.

While the lane widths are less than those listed in Table 5.1 of the Massachusetts HDM, the 3.3
meter (11°) lane width is proposed as recommended by AASHTO. In the design of urban
arterials, AASHTO states, “lane widths may vary from 3.0 m (10’) to 3.6 m (12°)” and “lane
widths of 3.3 meters (11°) are used quite extensively for urban arterial street,designs” (p. 476).
AASHTO also states that “a 3.3 meter (11°) lane width is adequate for through lanes” (p. 477).
Because of the constrained layout and recommendations of AASHTO, 3.3 meter (11°) travel
lanes are proposed.

Along the entire project, the left shoulder adjacent to the raised median has been reduced to 0.3
meters (1) in order to provide additional width between the right travel lane and parked cars for
safer shared use by bicycles. On the night side, the available shoulder width is 1.1 meters (3°). In
the discussion of shoulders for urban arterials, AASHTO states “despite the many advantages of
shoulders on arterial streets, their use is generally limited due to restricted right-of-way and the
necessity of using the available right-of-way for traffic lanes” (p. 477).

Along the block of Massachusetts Avenue between Columbus Avenue and St. Botolph Street, the
proposed median reduces to a minimum width of 1.2 meters (4°), which includes a 0.6 meter (2°)
raised brick island and a 0.3 meter (1°) offset from the outside edge of the raised area and the
adjacent travel lanes.

Throughout the project, varying cross slopes are required so that grades can be met at the layout
line and no impacts to private property result. Varying cross slopes in combination with.varying

curb reveals are utilized throughout the project to achieve this.

4.4 Typical Sections

The proposed Typical Sections for Massachusetts Avenue are included in the 75% Design Plans.
The typical section shows that the proposed improvement will be confined to the existing right-
of-way. As discussed in Section 4.3, the proposed Typical Sections show 3.3 meter (11°) travel
lanes with a 4.4 meter (14°) outside lane. As Massachusetts Avenue is located in a highly
urbanized setting, there are various restrictions posed by buildings, trees, utility poles, fire
hydrants, and other appurtenances that limit the available roadway width. The chosen Typical
Sections are based upon the following given factors:

e The proposed section will be confined to the existing roadway layout. No buildings will be
removed.

o Existing sidewalk widths cannot be significantly reduced.

e Exclusive left turn lanes must be provided at all intersections where left turns are allowed.
These left turn lanes must be developed properly and shadowed.




e Two through lanes are required for the length of the corridor.

e The parking lane must be maintained on both sides of the road to the maximum extent
possible.

e Existing grades must be met at the layout line.

Albany Street to Columbus Avenue

The roadway layout width in this section is 28.04 meters (92’). Working from the center of the
road to the outside, a 3.0 meter (10’) exclusive left turn lane is proposed at the intersection
approaches. AASHTO states that “left turn and combination lanes used for parking during off-
peak hours and for traffic during peak hours may be 3.0 meters (10°) in width” (p. 477). With a
3.0 meter (10°) left turm lane and 4 — 3.3 meter (11°) travel lanes occupying a width of 16.2
meters (54°), there is approximately 11.8 meters (38’) available for the parking lanes, bicycles
and sidewalks. The existing sidewalk width is approximately 2.4 meters (8’) which leaves 7.0
meters (22°) to be used for a parking lane on each side of the road. The parked cars will occupy
2.4 meters (8°) which leaves a buffer space of 1.1 meters (3°) between parked cars and through
traffic for bicycle use.

Between intersections, a 2.4 meter (8’) raised median is proposed to separate the two directions
of travel. This median width combined with 0.3 meter (1°) offsets are proposed to completely
shadow exclusive left turn lanes, a condition which does not exist today. AASHTO (p. 478)
states the following: “Medians are a desirable feature of artenial streets and should be provided
where space permits...where right-of-way is limited, it is frequently necessary to determine how
best to allocate the available space between border areas, traveled way and medians,...any
additional median width provides an added increment of safety and improved operation between
intersections,” and “median widths should be limited, whenever practical, to those widths needed
to accommodate appropriate left turn treatments for current and future traffic volumes.” The 2.4
meter(8’) width is proposed to provide a full shadow for the left turn lanes and provide an offset
to the median.

Columbus Avenue to St. Botolph Street

The roadway layout width in this section is 27.43 meters (90°) with the exception of a 30 meter
(98’) portion southeast of the Columbus Avenue intersection where the layout reduces to 26.82
meters (88°). In this section of the corridor, sidewalk width is more desirable than a raised
median due to the pedestrian demand, particularly at the MBTA Orange Line Station. Field
observations have indicated that at several locations, particularly crosswalks, pedestrians
congregate and would be forced into the roadway if sidewalk widths were reduced. The project °
proposes to remove the 3 meter (10°) raised median, replacing it with a variable width median
having a minimum width of 1.2 meter (4’). This ‘median consists of a 0.6 meter (2’ ) raised brick
istand and a 0.3 meter (1°) offset from the outside edge of the raised area and the adjacent travel
lanes. While removal of the median is not desirable, it is preferred over reducing sidewalk
widths. Two 3. 3 meter (11°) through lanes are proposed in each direction to continue the cross
section from Albany Street. The proposed cross section from Albany Street to Columbus
Avenue requires a roadway layout of 28.04 meters (927) in order to fit. Since the block from




Columbus Avenue to St. Botolph Street is only 27.43 meters (90°) wide, one of the following or
a combination of the following is required. Parking is eliminated, the median width is reduced or
the outside travel lane width is reduced when the left turn lane is developed.

Approaches to Albany Street

The northbound approach of Massachusetts Avenue to Albany Street is governed by the existing
cross section north of Melnea Cass Boulevard, which consists of two through lanes and an
exclusive right turn lane. Left tums have been prohibited at this approach as part of the recent
Crosstown Project. The ex1stmg 1.8 meter (6*) median at this approach has not been revised and
essentially shadows the opposmg southbound left turn lane. The two through lanes have a width -
6T 3.3 meteérs (TT°) while the exclusive right turn lane is 4 meter (13°) and is adjacent to curbing.
The receiving lanes (and corresponding widths) south of Albany Street are governed by the
existing southbound approach to Melnea Cass Boulevard. There are four receiving lanes with
varying widths ranging from 3.2 meters (10.5) to 3.6 meters (12°).

The southbound approach of Massachusetts Avenue to Albany Street consists of three 3.3 meter
(117) through lanes and an exclusive 3.0 meter (10°) left turn lane. An additional through lane
has been added by moving the left turn lane in the area of the existing median island. This cross
section was provided since intersection capacity and throughput is a major concern at this
intersection. Parking is currently prohibited along this approach and will remain this way as part
of the proposed condition. The 3.3 meter (11°) curb lane is developed 144.8 meters (475) in
advance of the intersection. A “Share the Road” sign is proposed where the outside travel lane
reduces in width from 4.4 meters (14°) to 3.3 meters (11°) to alert motorists to merge with
vehicular traffic. '

The cross section proposed for the Massachusetts Avenue departure lanes north of Albany Street
are consistent with the proposed widths presented in Sections 4.2 and 4.3.

Approaches to Columbus Avenue

Along the Massachusetts Avenue approaches and departures to Columbus Avenue, parking has
been prohibited. This results in a slightly wider outside lane width 4.4 meters (14°) plus a 0.6
meter (2°) striped shoulder. Parking has been prohibited in the vicinity of the intersection to
ensure that lane widths are not reduced beyond the design waiver values.

Approaches to St. Botolph Street

The northbound approach of Massachusetts Avenue to St. Botolph Street has an outside travel
lane width of 3.3 meters (11°). This lane width is reduced in order to provide both parking and
the left turn lane. The lane width is narrowed to 3.3 meters (11°) approximately 30 meters (100°)
in advance of the intersection. A “Share the Road” sign is proposed at the start of the lane width
transition to alert bicyclists to merge with vehicular traffic. A 3.3 meter (11°) outside lane width
is also proposed along the southbound departure side for the same reasons as the northbound
approach.
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North of St. Botolph Street, the proposed cross section along Massachusetts Avenue is the same
as that which is proposed south of the intersection. This has been developed to meet the
Symphony Area Streetscape Project. This project has advanced through preliminary design and
will be advertised for final design by the City.

4.5 Accident Data vs. Controlling Critena

No changes to this section.

4.6 _Compatibility and Future Improvements

This project is being developed through close communication with the City of Boston Public
Works Department, Boston Transportation Department and several other City agencies. This
design has been coordinated with the Crosstown Phase I and Phase II Improvements, Chester
Park Improvements and will be coordinated with the Symphony Area Streetscape Project as that
design develops.

4.7 Right-of-Way Constraints

No changes to this section.

4.8 Mitigation

A major component of the project is to provide urban design opportunities along the corridor. In
the medians from Albany Street to Tremont Street, raised planters are proposed and a
maintenance agreement is being coordinated with Boston University Medical Center (BUMC).
New tree pits are proposed for healthy existing trees as well as proposed trees in the sidewalk.
Existing street lighting along the corridor will be replaced with “acom”, “double acom” and
“pendent” style lighting within the sidewalks. New trash receptacles, benches and bicycle racks
are also proposed. The City strongly desires to create a boulevard effect on Massachusetts
Avenue and as much green space as possible. Sidewalks and medians will be brick as required
by the South End Landmark District.

4.9 Cost Comparison

No changes to this section.
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5.0 RECOMMENDATION

Based on the justification presented in this report, it is requested that the lane width, shoulder
width, cross slope, raised median width and bicycle accommodation design exception for the
Massachusetts Avenue Improvement Project be approved. Reasonable engineering judgement
was applied in the proposed design, as follows:

1.

A 3.5 meter (11°) parking lane and shoulder provides additional space for parked cars
and bicycles in both directions of Massachusetts Avenue for the majority of the project.

The proposed Typical Section lane widths are in compliance with those suggested by
AASHTO.

Left turn lanes are proposed at all intersections to reduce congestion, increase capacity
and improve safety. The opposing directions of travel will be separated by a median
wherever possible. For the majority of the project length, the median will completely
shadow the left turn lanes.

The accident analysis does not suggest that a wider corridor would increase safety. The
design has been proposed to address specific safety concemns, which have been indicated
by the accident history.

The proposed cross sections for Massachusetts Avenue give due recognition to the
AASHTO (2001) design guidelines stated on page xlii and “are intended to provide
operation efficiency, comfort, safety and convenience for the motorist”, as well as
consideration for environmental quality. AASHTO clearly states, and we have duly
recognized, that “the effects of the various environmental impacts can and should be
mitigated by thoughtful design processes.”

Widening to the widths stated in Table 5.1 would greatly alter the character of this
historic area and result in property takings, structure demolition, removal of trees,
inhibiting walking paths and extensive utility relocations.

Although the proposed median between Columbus Avenue and St. Botolph Street has a
minimum width of 1.2 meters (4’), it is felt that a 0.6 meter (2°) raised brick island with
0.3 meter (1’) shoulders is safer than a flush median since it divides opposing traffic and
prevents mid-block u-turns.

Cross slopes along the project vary from the HDM’s 2% guidelines. However, the project
is proposing cross slopes in the range of 1.5 to 3% which is consistent with AASHTO.
Exceptions to this include areas of cold plane and overlay and areas of cut where the
existing cross slopes fall outside of AASHTO’s range. The variation of cross slopes also
allows the project to be built within the existing layout.

The proposed design adheres to the design recommendations for urban arterials as stated
in AASHTO.
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