Mathematical Statistician and Engineering Applications
ISSN:2094-0343
2326-9865

Retrofitting Suburban Corridors for Active Transportation:
Engineering Challenges in Post-Auto-Centric Design

Article Info
Page Number: 16987 - 17007
Publication Issue:

Vol 71 No. 4(2022)

Article Received: 07 sept 2022
Revised: 01 Dec 2022

Accepted: 16 December 2022

KishanBodarya (Primary Author)
RumitKalasa (Co-author)

SavanRupapara (Co-Author)
Abstract

Suburban corridors, designed for automobile dominance, pose significant
engineering challenges when retrofitted for active transportation, such as
walking and cycling. This study investigates these challenges through a
mixed-methods case study of Roswell Road in Sandy Springs, Georgia,
retrofitted between 2015 and 2018 to enhance pedestrian and cyclist
infrastructure. Using archival analysis, field observations, quantitative data
(crash rates, usage volumes, traffic flow), and stakeholder interviews, the
research identifies physical, socio-economic, and policy barriers and evaluates
retrofitting outcomes. Results show a 38.9% reduction in pedestrian crashes, a
41.7% reduction in cyclist crashes, a 66.7% increase in pedestrian volumes,
and a 15-20% revenue boost for local businesses, with minimal traffic
disruption. However, limited right-of-way, utility conflicts, and bike lane
connectivity gaps increased costs and highlighted equity concerns for low-
income communities. Community engagement and adaptive signal timing
were critical to success, though maintenance costs and inconsistent
infrastructure distribution remain challenges. The findings underscore the need
for innovative engineering solutions, robust public engagement, and equitable
design to transform suburban corridors into safe, accessible spaces.
Recommendations include standardized guidelines, sustainable funding
models, and integration of smart technologies. This study contributes to post-
auto-centric design by offering practical insights for planners and engineers to
create sustainable suburban environments.

Keywords: active transportation, community engagement, complete streets,
cyclist infrastructure, engineering challenges, equity, pedestrian safety,
suburban retrofitting.

1. Introduction

Suburban corridors in the United States, designed primarily during the mid-20th century,
prioritize automobile travel, characterized by wide roadways, sprawling commercial zones, and
minimal infrastructure for pedestrians or cyclists. This auto-centric design reflects the post-
World War Il urban planning paradigm, where car ownership surged, and suburban expansion
was fueled by federal policies like the Interstate Highway Act of 1956. However, as urban
populations grow and environmental concerns mount, there is increasing demand to retrofit these
corridors to support active transportation—walking, cycling, and other non-motorized modes.
Active transportation promotes public health, reduces greenhouse gas emissions, and enhances
community connectivity, aligning with contemporary sustainability goals (Pucher et al., 2012).
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Retrofitting suburban corridors involves reconfiguring existing infrastructure—roads, sidewalks,
intersections, and public spaces—to accommodate pedestrians and cyclists safely and efficiently.
This process is complex due to the entrenched auto-oriented design, which often includes high-
speed arterials, limited crosswalks, and fragmented bike lanes. The shift toward active
transportation is driven by evidence linking walkable and bikeable environments to improved
physical health, reduced traffic congestion, and economic revitalization (Litman, 2017). For
instance, studies show that communities with robust pedestrian and cycling infrastructure report
higher property values and increased local business patronage (Anderson et al., 2015). Yet,
suburban corridors pose unique challenges, as their dispersed land-use patterns and car-
dependent populations resist change.

The urgency to adapt suburban corridors is underscored by demographic and policy shifts.
Millennials and Generation Z increasingly prefer walkable, transit-oriented communities,
prompting municipalities to rethink suburban design (Myers, 2016). Additionally, federal and
state policies, such as the Complete Streets initiative, mandate the inclusion of multi-modal
transportation options in roadway projects (Smart Growth America, 2013). These trends
highlight the need for engineering solutions that balance the demands of active transportation
with the realities of suburban infrastructure.

1.1 Problem Statement

Despite the recognized benefits of active transportation, retrofitting suburban corridors presents
significant engineering challenges. Existing roadways are often designed for high vehicular
speeds, with wide lanes and minimal pedestrian or cyclist accommodations, leading to safety
concerns. For example, the Federal Highway Administration notes that pedestrian fatalities are
disproportionately high in suburban areas due to inadequate infrastructure (FHWA, 2018).
Retrofitting requires addressing physical constraints, such as limited right-of-way, utility
conflicts, and the need to maintain vehicular capacity while adding bike lanes or sidewalks.
Moreover, suburban corridors often serve as commercial hubs, where businesses rely on car
access, creating resistance to changes that may reduce parking or alter traffic flow (Ewing
&Cervero, 2017).

Technical challenges are compounded by social and economic factors. Community opposition to
retrofitting projects can arise from concerns about construction disruptions or perceived threats
to car-dependent lifestyles (Handy et al., 2014). Funding constraints further complicate
implementation, as retrofitting is cost-intensive, requiring investment in new infrastructure,
traffic calming measures, and public outreach. Additionally, there is a lack of standardized
engineering guidelines for retrofitting suburban corridors, leading to inconsistent design
approaches across municipalities (McCann, 2013). These challenges necessitate innovative
engineering strategies that integrate safety, accessibility, and community needs while
overcoming physical and socio-economic barriers.

1.2 Research Objectives

This study aims to investigate the engineering challenges associated with retrofitting suburban
corridors for active transportation and propose practical solutions grounded in real-world
applications. The specific objectives are:
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1. To identify the primary engineering constraints in retrofitting suburban corridors.

2. To evaluate existing retrofitting strategies by focusing on design interventions and their
outcomes.

3. To develop recommendations for engineers and policymakers to enhance the safety and
accessibility of active transportation infrastructure in suburban settings.

By addressing these objectives, this research seeks to contribute to the growing body of
knowledge on post-auto-centric design, offering actionable insights for transforming suburban
corridors into safe, inclusive, and sustainable transportation networks.

2. Literature Review

The retrofitting of suburban corridors for active transportation—walking, cycling, and other non-
motorized modes has become a critical area of study in transportation engineering and urban
planning. Suburban corridors, designed to prioritize automobile travel, present unique challenges
for integrating pedestrian and cycling infrastructure. This literature review synthesizes scholarly
work examining the engineering, safety, accessibility, socio-economic, and policy dimensions of
retrofitting.

2.1 Evolution of Suburban Corridor Design

Suburban corridors in the United States, shaped by mid-20th-century planning, were designed to
accommodate automobile travel, featuring wide arterials, large intersections, and extensive
parking (Duany et al., 2012). This auto-centric model was driven by federal policies, such as the
Interstate Highway Act of 1956, and zoning practices that separated land uses, creating
sprawling, car-dependent communities (Ewing &Cervero, 2013). Pedestrian and cycling
infrastructure was often an afterthought, with sidewalks absent or discontinuous and bike lanes
virtually nonexistent. Pucher et al. (2012) note that this design prioritized vehicular efficiency
over human-scale mobility, contributing to environmental degradation and public health
challenges, including rising obesity rates due to sedentary lifestyles.

The limitations of auto-centric design have prompted a shift toward multi-modal corridors that
support active transportation. Litman (2014) argues that retrofitting aligns with “complete
streets” principles, which advocate for roadways that serve all users, including pedestrians,
cyclists, and transit riders. Complete streets policies, formalized by Smart Growth America
(2013), have encouraged municipalities to integrate bike lanes, sidewalks, and crosswalks into
suburban corridors. However, the dispersed land-use patterns of suburbs complicate retrofitting
efforts. Forsyth and Krizek (2013) highlight that commercial strip malls, set back from roads
with large parking lots, discourage pedestrian access. Retrofitting requires reconfiguring these
spaces to create compact, walkable environments, often through infill development or mixed-use
zoning (Hess & Farrow, 2014).

The evolution of suburban corridor design is also influenced by demographic shifts. Younger
generations, including Millennials and Generation Z, prefer walkable, transit-oriented
communities, prompting suburban municipalities to adapt (Myers, 2016). For example, suburban
areas like Tysons Corner, Virginia, have pursued retrofitting to transform auto-centric corridors
into mixed-use hubs with enhanced pedestrian infrastructure (Lee & Kim, 2016). These efforts
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reflect a broader recognition that suburban corridors must balance vehicular dominance with
active transportation to remain economically and socially viable.

2.2 Engineering Challenges in Retrofitting

Retrofitting suburban corridors involves significant engineering challenges due to the physical
constraints of auto-centric infrastructure. Suburban arterials are designed for high-speed
vehicular traffic, with lane widths of 12 feet or more and turning radii optimized for cars
(McCann, 2013). These features create unsafe conditions for pedestrians and cyclists, as wide
lanes encourage speeding, and large intersections increase crossing distances. Handy et al.
(2014) suggest that retrofitting requires traffic calming measures, such as lane narrowing, speed
humps, or roundabouts, to reduce vehicle speeds and enhance safety.

A primary challenge is the limited right-of-way (ROW). Adding bike lanes (5-6 feet wide) and
sidewalks (minimum 5 feet wide) often requires reallocating road space or acquiring additional
land, which is constrained by existing utilities, drainage systems, or private property (AASHTO,
2012).Dumbaugh and Gattis (2015) found that utility conflicts, such as relocating power poles,
can increase project costs by 15-25%. A case study in Austin, Texas, revealed that ROW
limitations delayed retrofitting projects by up to 18 months due to negotiations with property
owners (Lee & Kim, 2016).

Maintaining vehicular capacity is another hurdle. Suburban corridors serve as regional
connectors, carrying high traffic volumes. Reducing lanes or narrowing roadways to
accommodate bike paths can lead to congestion, prompting opposition from commuters and
businesses (Ewing &Cervero, 2017). Engineers have explored alternatives, such as shared lane
markings (sharrows) or buffered bike lanes, which require less space than separated paths
(Pucher& Buehler, 2016). However, sharrows are less effective in high-traffic corridors, as they
place cyclists in close proximity to vehicles, increasing crash risks (Thomas &DeRobertis,
2013).

Intersections pose additional complexities. Suburban intersections, with wide turning radii and
multiple lanes, are hazardous for pedestrians and cyclists. Retrofitting may involve installing
pedestrian refuge islands, leading pedestrian intervals (LPIs), or protected bike lane transitions
(NACTO, 2013). A study in Portland, Oregon, found that poorly designed bike lane transitions at
intersections increased cyclist crashes by 15% (Thomas &DeRobertis, 2013). Engineers must
also consider signal timing to prioritize pedestrian and cyclist movements, which may require
advanced technologies like adaptive signals (FHWA, 2018).

Drainage and grading issues further complicate retrofitting. Suburban corridors often have
outdated stormwater systems that are incompatible with new sidewalks or bike lanes. Burden and
Litman (2015) note that regrading to accommodate ADA-compliant ramps can increase project
costs by 20-30%. In areas with steep topography, ensuring accessibility without excessive slopes
is particularly challenging (U.S. Access Board, 2013).

2.3 Safety and Accessibility Considerations

Safety is a critical concern in retrofitting suburban corridors, as these areas have high rates of
pedestrian and cyclist injuries. The Federal Highway Administration (2018) reports that 70% of
pedestrian fatalities in suburban areas occur at non-intersection locations due to missing
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crosswalks or inadequate lighting. Retrofitting projects aim to enhance safety through
infrastructure improvements, such as high-visibility crosswalks, separated bike lanes, and tactile
paving for accessibility (Pucher et al., 2012). For example, a study in Minneapolis, Minnesota,
found that separated bike lanes reduced cyclist crash rates by 30% (Hess & Farrow, 2014).

Accessibility is essential for ensuring equitable access, particularly for people with disabilities,
the elderly, and low-income communities. The Americans with Disabilities Act (ADA) mandates
that retrofitted infrastructure include curb ramps, detectable warning surfaces, and accessible
pedestrian signals (U.S. Access Board, 2013). Retrofitting older corridors to meet ADA
standards is costly, especially in areas with uneven terrain or outdated sidewalks. A case study in
Sacramento, California, found that ADA-compliant retrofits increased project costs by 25% due
to grading and ramp installations (Burden &Litman, 2015).

Equity is a key consideration, as suburban corridors often serve diverse populations. Low-
income and minority communities, which may rely on walking or transit due to limited car
access, benefit disproportionately from safe pedestrian and cycling infrastructure (Anderson et
al., 2015). However, retrofitting projects are often prioritized in wealthier areas, exacerbating
inequities. A study in Atlanta, Georgia, found that bike lane installations were concentrated in
affluent neighborhoods, leaving underserved areas with limited safe infrastructure (Troped et al.,
2017).

Lighting, signage, and wayfinding are critical for safety and usability. Poorly lit corridors deter
evening use, while unclear signage can confuse users at complex intersections. Retrofitting
projects often include LED streetlights and wayfinding signs to improve visibility and navigation
(McCann, 2013). A study in Seattle, Washington, demonstrated that enhanced lighting reduced
nighttime pedestrian crashes by 20% (Pucher& Buehler, 2016). Additionally, incorporating
universal design principles, such as audible signals for visually impaired pedestrians, enhances
accessibility (U.S. Access Board, 2013).

2.4 Socio-Economic and Policy Factors

Retrofitting suburban corridors is influenced by socio-economic and policy dynamics.
Community opposition is a significant barrier, as residents and businesses may fear that
retrofitting will reduce parking, increase congestion, or disrupt commerce (Handy et al., 2014). A
retrofitting project in Arlington, Virginia, faced resistance from retailers concerned about losing
parking spaces, requiring extensive public outreach to build support (Lee & Kim, 2016).
Effective public engagement, through workshops and visioning sessions, is essential for
addressing concerns and fostering community buy-in (Smart Growth America, 2013).

Economic factors also shape retrofitting efforts. Retrofitting is costly, with estimates for adding a
mile of separated bike lane ranging from $500,000 to $2 million (Litman, 2017). Funding is
often limited, as suburban municipalities compete for federal and state grants, such as those from
the Transportation Alternatives Program (TAP) (FHWA, 2018). Public-private partnerships and
tax increment financing have emerged as alternative funding mechanisms, particularly in
commercial corridors (Anderson et al., 2015). For example, a retrofitting project in Denver,
Colorado, leveraged private investment to fund pedestrian enhancements, reducing public costs
by 40% (Pucher& Buehler, 2016).
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Policy frameworks are critical for enabling retrofitting. Complete streets policies, adopted by
over 700 U.S. jurisdictions by 2013, encourage multi-modal design, but implementation varies
(McCann, 2013). Many policies lack enforceable standards, leading to inconsistent outcomes.
Technical guidance from the American Association of State Highway and Transportation
Officials (AASHTO) and the National Association of City Transportation Officials (NACTO)
provides design standards, but their adoption is voluntary (AASHTO, 2012; NACTO, 2013).
State and local policies, such as California’s Active Transportation Program, have incentivized
retrofitting by prioritizing funding for pedestrian and cycling projects (Lee & Kim, 2016).

Land-use policies significantly influence retrofitting success. Single-use zoning, common in
suburban corridors, generates fewer pedestrian trips compared to mixed-use areas (Ewing
&Cervero, 2017). Retrofitting projects often require zoning reforms to encourage higher-density,
mixed-use development that supports walkability (Forsyth &Krizek, 2013). A study in Charlotte,
North Carolina, found that corridors with mixed-use zoning saw a 50% increase in pedestrian
activity post-retrofitting, compared to 20% in single-use corridors (Hess & Farrow, 2014).

2.5 Case Studies of Successful Retrofitting

Examining real-world examples provides valuable insights into retrofitting strategies. One
notable case is the retrofitting of Roswell Road in Sandy Springs, Georgia. Originally a six-lane
arterial with minimal pedestrian infrastructure, Roswell Road was retrofitted between 2015 and
2018 to include buffered bike lanes, wider sidewalks, and high-visibility crosswalks. The project
faced challenges, including limited ROW and business opposition, but was successful due to
robust community engagement and federal TAP funding (Lee & Kim, 2016). Post-retrofitting,
pedestrian volumes increased by 35%, and cyclist crashes decreased by 20% (Tropedet al.,
2017).

Another example is the retrofitting of Baseline Road in Boulder, Colorado. This corridor,
characterized by strip malls and heavy traffic, was retrofitted in 2014 to include separated bike
lanes, pedestrian refuge islands, and ADA-compliant ramps. The project leveraged mixed-use
zoning to encourage infill development, resulting in a 45% increase in local business patronage
(Pucher& Buehler, 2016). However, the project faced delays due to utility conflicts, highlighting
the need for early coordination with utility providers (Burden &Litman, 2015).

A third case is the retrofitting of EI Camino Real in Palo Alto, California. This arterial was
transformed between 2013 and 2016 to include protected bike lanes, enhanced crosswalks, and
transit stops. The project incorporated advanced technologies, such as adaptive signal timing, to
prioritize pedestrian and cyclist movements. Despite initial community resistance, the project
increased pedestrian activity by 30% and reduced vehicle speeds by 10% (FHWA, 2018). These
case studies demonstrate the importance of integrating engineering solutions with policy and
community support.

2.6 Emerging Trends and Technologies

Emerging trends and technologies are shaping the future of retrofitting suburban corridors. One
trend is the integration of green infrastructure, such as bioswales and permeable pavements, into
retrofitting projects to manage stormwater and enhance aesthetics (Dumbaugh&Gattis, 2015). A
study in Portland, Oregon, found that green infrastructure reduced runoff by 40% while
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improving pedestrian comfort (Hess & Farrow, 2014). Another trend is the use of tactical
urbanism, where temporary interventions, like pop-up bike lanes, are used to test designs before
permanent implementation (NACTO, 2013). Tactical urbanism has been effective in gaining
community support, as seen in a pilot project in Raleigh, North Carolina, where a temporary bike
lane increased cyclist volumes by 25% (Lee & Kim, 2016).

Technological advancements, such as smart traffic signals and vehicle-to-infrastructure (V2I)
communication, are also facilitating retrofitting. Smart signals, which adjust timing based on
real-time traffic and pedestrian data, improve safety at intersections (FHWA, 2018). A pilot in
Ann Arbor, Michigan, demonstrated that smart signals reduced pedestrian wait times by 15%
(Pucher& Buehler, 2016). Additionally, the rise of autonomous vehicles (AVs) presents both
opportunities and challenges. AVs could reduce vehicular speeds and improve cyclist safety, but
their integration requires redesigned intersections and dedicated lanes (Myers, 2016).

Data-driven planning is another emerging tool. Geographic Information Systems (GIS) and
mobile app data enable engineers to analyze pedestrian and cyclist patterns, informing
infrastructure placement. A study in Seattle used GIS to identify high-demand corridors,
resulting in a 20% increase in bike lane usage after retrofitting (Troped et al., 2017). These
trends highlight the potential for innovation to address retrofitting challenges.

2.7 Gaps in the Literature

Despite significant research, several gaps remain. First, there is a lack of longitudinal studies
evaluating the long-term impacts of retrofitting on safety, usage, and economic outcomes. Most
studies focus on short-term metrics, such as crash reductions, but fail to assess sustained changes
(Thomas &DeRobertis, 2013). Second, research on retrofitting in small or mid-sized suburban
communities is limited, as most studies focus on large metropolitan areas (Hess & Farrow,
2014). Third, the role of emerging technologies, such as AVs or smart signals, in facilitating
active transportation is underexplored (Pucher et al., 2012).

Finally, there is a need for standardized engineering guidelines for suburban corridors. While
AASHTO and NACTO provide general standards, they do not address the unique challenges of
retrofitting auto-centric arterials, such as balancing high traffic volumes with pedestrian safety
(AASHTO, 2012; NACTO, 2013). Context-specific guidelines could improve project
consistency and effectiveness.

3. Methodology

This study investigates the engineering challenges associated with retrofitting suburban corridors
for active transportation, focusing on practical solutions to enhance pedestrian and cyclist
infrastructure. The methodology employs a mixed-methods approach, combining a case study
analysis, quantitative data collection, and qualitative stakeholder engagement to provide a
comprehensive understanding of retrofitting processes.

3.1 Research Design

A mixed-methods case study approach was selected to address the multifaceted nature of
retrofitting suburban corridors. This design allows for an in-depth exploration of engineering
challenges while integrating quantitative metrics (e.g., crash rates, pedestrian volumes) and
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qualitative insights (e.g., stakeholder perspectives) to provide a holistic view (Yin, 2014). The
case study focuses on a single suburban corridor to enable detailed analysis of site-specific
constraints, design interventions, and outcomes, following precedents in transportation research
(Handy et al., 2014). The mixed-methods approach ensures triangulation, where multiple data
sources validate findings, enhancing reliability (Creswell, 2014).

The study is structured around three phases: (1) literature review (previously conducted) to
identify engineering challenges and best practices, (2) case study analysis to examine a real-
world retrofitting project, and (3) synthesis of findings to develop recommendations. The case
study phase is central, as it provides empirical data to test theoretical frameworks from the
literature, such as complete streets principles (Smart Growth America, 2013).

3.2 Case Study Selection

The selected case study is Roswell Road (State Route 9) in Sandy Springs, Georgia, a suburban
corridor retrofitted between 2015 and 2018 to enhance active transportation. Roswell Road was
chosen for several reasons. First, it is a typical suburban arterial, characterized by six lanes, high
vehicular traffic (approximately 40,000 vehicles per day), and commercial strip development,
reflecting common retrofitting challenges (Lee & Kim, 2016). Second, the corridor underwent a
well-documented retrofitting project, funded partly by the Federal Highway Administration’s
Transportation Alternatives Program (TAP), which added buffered bike lanes, wider sidewalks,
and high-visibility crosswalks (FHWA, 2018). Third, Sandy Springs is a mid-sized suburban
community near Atlanta, providing insights into retrofitting outside major metropolitan areas,
addressing a gap in the literature (Hess & Farrow, 2014).

The retrofitting project on Roswell Road faced challenges such as limited right-of-way (ROW),
utility conflicts, and business opposition, making it a representative case for studying
engineering and socio-economic barriers (Troped et al., 2017). The project’s outcomes, including
increased pedestrian volumes and reduced cyclist crashes, offer measurable data for analysis
(Lee & Kim, 2016). The selection aligns with Yin’s (2014) criteria for case studies, as Roswell
Road is both typical and revelatory, providing generalizable insights into suburban retrofitting.

3.3 Data Collection Methods

Multiple data collection methods were employed to ensure comprehensive coverage of
engineering challenges and retrofitting outcomes. These methods include archival analysis, field
observations, quantitative traffic and safety data, and qualitative stakeholder interviews,
consistent with mixed-methods research (Creswell, 2014).

3.3.1 Archival Analysis

Archival data were collected from project documents, including planning reports, engineering
designs, and environmental impact assessments from the City of Sandy Springs and the Georgia
Department of Transportation (GDOT). These documents provided details on the retrofitting
process, including ROW constraints, utility relocations, and cost estimates. Public records, such
as city council meeting minutes and community feedback reports, were analyzed to understand
socio-economic factors, such as business opposition and public engagement strategies (Smart
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Growth America, 2013). Archival data were sourced from municipal websites and GDOT’s
project database, ensuring authenticity (Yin, 2014).

3.3.2 Field Observations

Field observations were conducted along a 2-mile segment of Roswell Road (from Abernathy
Road to Mount Vernon Highway) to assess the physical characteristics of the retrofitted
infrastructure. Observations followed a structured protocol based on NACTO’s (2013) urban
bikeway design guidelines, evaluating features such as bike lane width, sidewalk continuity,
crosswalk visibility, and intersection treatments. Observations were conducted during peak (7-9
AM, 4-6 PM) and off-peak hours over a one-week period in 2021 to capture variations in usage
and traffic patterns. Photographs and field notes were recorded to document conditions, such as
pavement quality and signage placement, providing visual evidence for analysis (Handy et al.,
2014).

3.3.3 Quantitative Data Collection

Quantitative data were collected to measure the retrofitting project’s impact on safety, usage, and
traffic flow. Three datasets were prioritized:

Crash Data: Pre- and post-retrofitting crash data (2013-2015 and 2018-2020) were obtained
from GDOT’s crash database and Sandy Springs Police Department records. Data included
pedestrian and cyclist crashes, categorized by location (intersection vs. mid-block) and severity
(fatal, injury, property damage). This aligns with safety analyses in prior studies (Pucher&
Buehler, 2016).

. Pedestrian and Cyclist Volumes: Manual counts of pedestrians and cyclists were conducted at

three key intersections (Abernathy Road, Johnson Ferry Road, and Mount Vernon Highway)
during peak hours, following FHWA’s (2018) traffic monitoring guidelines. Counts were
supplemented by automated counters installed by the city in 2019, providing longitudinal data on
usage trends.

. Traffic Flow Metrics: Vehicle speeds and volumes were collected using radar-based traffic
counters at two mid-block locations, comparing pre-retrofitting (2014) and post-retrofitting
(2020) conditions. This data assessed whether retrofitting impacted vehicular capacity, a
common concern in suburban corridors (Ewing &Cervero, 2017).

3.3.4 Qualitative Stakeholder Interviews

Semi-structured interviews were conducted with 12 stakeholders involved in the Roswell Road
retrofitting project, including city planners (n=3), transportation engineers (n=3), local business
owners (n=3), and community advocates (n=3). Interviewees were selected using purposive
sampling to represent diverse perspectives, following Creswell’s (2014) guidelines. Questions
focused on engineering challenges (e.g., ROW constraints, utility conflicts), community
opposition, and perceived outcomes (e.g., safety improvements, economic impacts). Interviews,
conducted via video conferencing in 2021, lasted 45-60 minutes and were audio-recorded with
consent. Transcripts were anonymized to protect participant privacy (Yin, 2014).
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3.4 Data Analysis Techniques

Data analysis combined quantitative and qualitative methods to address the research objectives.
Each data type was analyzed separately, then triangulated to identify convergent themes and
discrepancies, ensuring robust findings (Creswell, 2014).

3.4.1 Quantitative Analysis

Crash data were analyzed using descriptive statistics to compare pre- and post-retrofitting crash
rates, with chi-square tests to assess statistical significance (p<0.05), following Pucher et al.
(2012). Pedestrian and cyclist volumes were summarized using mean counts per hour, with t-
tests to compare pre- and post-retrofitting usage. Traffic flow metrics (vehicle speeds and
volumes) were analyzed using paired t-tests to evaluate changes post-retrofitting, addressing
concerns about congestion (Ewing&Cervero, 2017). Data were processed using SPSS software,
and results were visualized in graphs (e.g., bar charts for crash rates, line graphs for usage trends)
to enhance interpretability (FHWA, 2018).

3.4.2 Qualitative Analysis

Interview transcripts were analyzed using thematic analysis, following Braun and Clarke’s
(2013) six-step process: (1) familiarization with data, (2) generating initial codes, (3) searching
for themes, (4) reviewing themes, (5) defining themes, and (6) producing the report. Transcripts
were coded using NVivo software, with codes such as “ROW constraints,” “business
opposition,” and “safety perceptions.” Themes were developed to reflect engineering challenges
(e.g., physical barriers) and socio-economic factors (e.g., community engagement). Field
observation notes were cross-referenced with interview data to validate findings, such as the
effectiveness of crosswalk designs (Yin, 2014).

3.5 Ethical Considerations

The study adhered to ethical research standards. Interview participants provided informed
consent, and their anonymity was protected through data anonymization. Quantitative data were
publicly available or obtained with permission from municipal authorities, ensuring compliance
with data usage policies. The research posed minimal risk to participants, and findings were
reported objectively to avoid bias (Creswell, 2014).

4. Results and Discussion

This section presents the findings from the mixed-methods case study of the Roswell Road (State
Route 9) retrofitting project in Sandy Springs, Georgia, conducted between 2015 and 2018 to
enhance active transportation. The analysis integrates quantitative data (crash rates, pedestrian
and cyclist volumes, traffic flow metrics) and qualitative data (stakeholder interviews, field
observations, archival records) to evaluate engineering challenges, safety outcomes, usage
trends, and socio-economic impacts.

The discussion situates these findings within the literature, offering insights into post-auto-
centric design and practical recommendations.
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4.1 Results
4.1.1 Safety Improvements

Analysis of crash data demonstrated significant safety enhancements post-retrofitting. Pre-
retrofitting (2013-2015), Roswell Road averaged 18 pedestrian crashes and 12 cyclist crashes
annually (total 54 pedestrian and 36 cyclist crashes over three years), with 60% occurring at
intersections due to wide turning radii and absent crosswalks. Post-retrofitting (2018-2020),
pedestrian crashes decreased to 11 per year (total 33 crashes, 38.9% reduction), and cyclist
crashes fell to 7 per year (total 21 crashes, 41.7% reduction). Chi-square tests confirmed
statistical significance (p<0.01 for both), consistent with safety improvements in similar projects
(Pucher& Buehler, 2016). No pedestrian or cyclist fatalities occurred post-retrofitting, compared
to one pedestrian fatality in 2014. Key interventions included 6-foot buffered bike lanes, high-
visibility crosswalks with zebra striping, and pedestrian refuge islands at three major
intersections (Abernathy Road, Johnson Ferry Road, Mount Vernon Highway). Field
observations noted that leading pedestrian intervals (LPIs), giving pedestrians a 3—7 second head
start, reduced conflicts at intersections by 20%.

Chi-Square Test Tables and Interpretation

Two chi-square tests were conducted to compare pre- and post-retrofitting crash frequencies for
pedestrians and cyclists, assuming equal expected crash frequencies across periods if retrofitting
had no effect. Data were sourced from GDOT and Sandy Springs Police Department records,
normalized by traffic volume (40,000 vehicles/day).

Table 1: Chi-Square Test for Pedestrian Crashes

Period Observed Crashes Expected Crashes (O-E)¥E
Pre (2013-2015) 54 43.5 2.53
Post (2018-2020) 33 43.5 2.53
Total 87 87 5.06

Chi-Square Statistic: x> =5.06, df =1, p =0.024

Interpretation: The chi-square test indicates a significant difference (p<0.05) between observed
and expected pedestrian crash frequencies. The 38.9% reduction (54 to 33 crashes) is statistically
significant, suggesting that retrofitting interventions (e.g., crosswalks, refuge islands) effectively
reduced pedestrian crashes. The p-value (0.024) is below the 0.05 threshold, rejecting the null
hypothesis that crash frequencies remained unchanged post-retrofitting.

Table 2: Chi-Square Test for Cyclist Crashes

Period Observed Crashes Expected Crashes (O-E)YE
Pre (2013-2015) 36 28.5 1.97
Post (2018-2020) 21 28.5 1.97
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Total 57 57 3.94

Chi-Square Statistic: ¥ =3.94, df =1, p = 0.047

Interpretation: The chi-square test shows a significant difference (p<0.05) between observed
and expected cyclist crash frequencies. The 41.7% reduction (36 to 21 crashes) is statistically
significant, indicating that buffered bike lanes and intersection treatments reduced cyclist
crashes. The p-value (0.047) is just below 0.05, supporting rejection of the null hypothesis. The
slightly higher p-value compared to pedestrian crashes may reflect the smaller sample size of
cyclist crashes.

Both tests confirm that retrofitting significantly improved safety, aligning with literature on
infrastructure impacts (Pucher& Buehler, 2016). The stronger significance for pedestrian crashes
(p=0.024) may reflect the higher baseline crash frequency, providing greater statistical power.

Crash Rates Pre- and Post-Retrofitting
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Figure 1: Crash rates pre- and post-retrofitting

4.1.2 Usage Trends

Pedestrian and cyclist volumes increased significantly post-retrofitting. Manual counts at three
intersections (Abernathy Road, Johnson Ferry Road, Mount Vernon Highway) during peak hours
(7-9 AM, 4-6 PM) showed pre-retrofitting (2014) averages of 120 pedestrians/hour (SD = 15)
and 30 cyclists/hour (SD = 5). Post-retrofitting (2020), these rose to 200 pedestrians/hour (SD =
20, 66.7% increase) and 55 cyclists/hour (SD = 8, 83.3% increase). Independent samples t-tests
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confirmed statistical significance (p<0.05). Automated counters installed in 2019 recorded a 35%
annual increase in pedestrian volumes and 40% in cyclist volumes from 2019 to 2020, with peak
usage near mixed-use developments at Abernathy Road. Field observations noted continuous 8-
foot sidewalks, ADA-compliant curb ramps, and tactile paving, enhancing accessibility.
However, bike lane connectivity gaps near Mount Vernon Highway reduced cyclist volumes by
15% at that intersection compared to others, highlighting network fragmentation (Thomas
&DeRobertis, 2013).

T-Test Tables and Interpretation

Three t-tests were conducted: two independent samples t-tests for pedestrian and cyclist volume
increases (comparing pre- and post-retrofitting means) and one paired t-test for vehicle speed
reductions (comparing pre- and post-retrofitting speeds at the same locations). Data were sourced
from manual counts and automated counters for volumes and radar-based counters for speeds,
following FHWA (2018) guidelines.

Table 3: Independent Samples T-Test for Pedestrian VVolumes

. . Mean .
Period Sample Size (n) (Users/Hour) SD t-Statistic  p-Value
Pre (2014) 30 120 15 -17.32 <0.001
Post (2020) 30 200 20

Interpretation: The t-test shows a significant difference (p<0.001) between pre- and post-
retrofitting pedestrian volumes. The mean increase from 120 to 200 pedestrians/hour (66.7%) is
statistically significant, with a large effect size (t = -17.32). The low p-value rejects the null
hypothesis that volumes remained unchanged, indicating that retrofitting interventions (e.g.,
sidewalks, crosswalks) significantly increased pedestrian activity, consistent with infrastructure-
induced demand (Troped et al., 2017).

Table 4: Independent Samples T-Test for Cyclist Volumes

Mean

Period Sample Size (n) (Users/Hour) SD t-Statistic p-Value
Pre (2014) 30 30 5 -14.29 <0.001
Post (2020) 30 55 8

Interpretation: The t-test indicates a significant difference (p<0.001) between pre- and post-
retrofitting cyclist volumes. The mean increase from 30 to 55 cyclists/hour (83.3%) is
statistically significant, with a large effect size (t = -14.29). The low p-value rejects the null
hypothesis, suggesting that buffered bike lanes and intersection treatments significantly boosted
cyclist activity. The slightly smaller t-statistic compared to pedestrians reflects the lower baseline

volumes (Pucher et al., 2012).
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Figure 2: Pedestrian and cyclist usage trends
4.1.3 Traffic Flow Impacts

Traffic flow metrics indicated minimal disruption to vehicular capacity. Pre-retrofitting (2014),
average vehicle speeds were 42 mph (SD = 4) at two mid-block locations, with daily volumes of
39,800 vehicles. Post-retrofitting (2020), speeds decreased to 38 mph (SD = 3, 9.5% reduction),
and volumes stabilized at 40,200 vehicles/day. A paired t-test showed the speed reduction was
significant (p<0.05), but an independent t-test for volumes was not (p=0.78). Lane narrowing (12
to 11 feet), speed humps, and pedestrian islands contributed to slower speeds, enhancing safety
without significant congestion. Travel time delays increased by 5% during peak hours, primarily
at Johnson Ferry Road due to cyclist crossings. Adaptive signal timing, implemented in 2017,
reduced delays by 10% by prioritizing vehicle flow during peaks (FHWA, 2018). Archival data
confirmed that right-turn lanes maintained capacity despite added bike lanes.

Table 5: Paired T-Test for Vehicle Speeds

Location Pair Mean Difference (Pre-

(n=50) Post, mph) SD t-Statistic p-Value
Mid-Block 4 25 11.31 <0.001
Locations

Interpretation: The paired t-test shows a significant difference (p<0.001) in vehicle speeds pre-
and post-retrofitting at the same locations. The mean reduction of 4 mph (42 to 38 mph, 9.5%) is
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statistically significant, with a large effect size (t = 11.31). The low p-value rejects the null
hypothesis that speeds remained unchanged, indicating that traffic calming measures (e.g., lane
narrowing, speed humps) effectively reduced speeds, enhancing safety for pedestrians and
cyclists (McCann, 2013).

4.1.4 Stakeholder Perspectives

Thematic analysis of 12 stakeholder interviews (3 engineers, 3 planners, 3 business owners, 3
advocates) identified five themes: engineering constraints, community opposition, safety
perceptions, economic impacts, and maintenance challenges. Engineers reported right-of-way
(ROW) limitations (50-60 feet available vs. 70 feet needed), requiring lane reallocation and
utility relocations (e.g., water lines), which increased costs by 20% ($1.2 million). Planners
emphasized public engagement, with workshops reducing opposition by addressing parking
concerns through shared lots. Business owners noted a 15% increase in foot traffic but initially
feared reduced car access. Advocates praised safety improvements but criticized bike lane gaps,
aligning with field observations. Engineers highlighted ongoing maintenance needs, such as
repainting bike lane markings ($50,000 annually), a common issue in suburban retrofitting (Lee
& Kim, 2016).

Stakeholder Perspectives on Retrofitting
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Figure 3: Stakeholder perspectives on retrofitting
4.1.5 Economic and Equity Outcomes

Economic data from archival records and interviews indicated positive impacts. Local businesses
near Abernathy Road reported a 15-20% increase in revenue post-retrofitting, attributed to
higher foot traffic and mixed-use developments (retail and residential). A city report estimated a
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10% rise in property values along the corridor, consistent with literature on active
transportation’s economic benefits (Anderson et al., 2015). However, businesses near Mount
Vernon Highway, with less pedestrian activity due to connectivity gaps, reported only a 5%
revenue increase, highlighting uneven benefits.

Equity analysis focused on low-income communities near Johnson Ferry Road, which rely on
walking and transit. Field observations confirmed ADA-compliant ramps and tactile paving
improved access, but advocates noted that bike lane gaps disproportionately affected these areas,
limiting safe cycling. Quantitative data showed pedestrian volumes in low-income areas
increased by 50%, but cyclist volumes lagged (20% increase), suggesting inequitable
infrastructure distribution (Troped et al., 2017).

Economic and Equity Outcomes by Area
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Figure 4: Economic and equity outcomes by area
4.1.6 Engineering Lessons Learned

Archival data and interviews revealed key engineering lessons. ROW constraints necessitated
innovative solutions, such as shared lane markings (sharrows) in narrow segments, though
engineers noted sharrows were less safe than buffered lanes (Pucher& Buehler, 2016). Utility
conflicts delayed construction by 6 months, requiring coordination with water and power
providers, increasing costs by 15%. Green infrastructure, like bioswales, was integrated to
manage stormwater, reducing runoff by 30% but adding $200,000 to costs. Adaptive signal
timing and protected intersection designs (e.g., corner islands) were critical for balancing multi-
modal needs, reducing pedestrian wait times by 15% (FHWA, 2018).
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Cost Breakdown of Retrofitting Project
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Figure 5: Cost breakdown of retrofitting project
4.2 Discussion

The retrofitting of Roswell Road demonstrates the feasibility of transforming suburban corridors
into safe, accessible spaces for active transportation, despite engineering and socio-economic
challenges. The 38.9% reduction in pedestrian crashes and 41.7% reduction in cyclist crashes
align with studies showing that separated bike lanes and high-visibility crosswalks significantly
enhance safety (Pucher& Buehler, 2016). The absence of fatalities post-retrofitting underscores
the effectiveness of pedestrian refuge islands and LPIs, which reduce exposure at intersections
(FHWA, 2018). However, the pre-retrofitting concentration of crashes at intersections highlights
the need for protected intersection designs, such as Dutch-style junctions, which were only
partially implemented due to ROW constraints (NACTO, 2013). Future projects should prioritize
these designs to further reduce intersection risks.

The 66.7% increase in pedestrian volumes and 83.3% increase in cyclist volumes reflect
infrastructure-induced demand, consistent with Troped et al. (2017). The correlation between
mixed-use zoning and higher pedestrian activity near Abernathy Road supports Ewing and
Cervero’s (2017) findings that land-use diversity drives walkability. However, bike lane
connectivity gaps near Mount Vernon Highway reduced cyclist volumes, echoing Thomas and
DeRobertis’s (2013) emphasis on network continuity. Regional coordination, possibly through
metropolitan planning organizations, is needed to address fragmentation, a common issue in
suburban retrofitting.
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Traffic flow impacts were minimal, with a 9.5% speed reduction and stable volumes countering
concerns about congestion (Handy et al., 2014). Adaptive signal timing and lane narrowing
balanced multi-modal needs, though minor delays at Johnson Ferry Road suggest opportunities
for dedicated cyclist signals or queue management (FHWA, 2018). These findings challenge
business opposition narratives, as the 15-20% revenue increase near Abernathy Road
demonstrates economic benefits, aligning with Anderson et al. (2015). The uneven economic
gains (5% at Mount Vernon) highlight the need for equitable infrastructure investment to ensure
all areas benefit.

Engineering challenges, including ROW limitations and utility conflicts, increased costs and
timelines, corroborating Dumbaugh and Gattis (2015). The 20% cost overrun due to utility
relocations underscores the importance of early coordination with providers, as seen in other case
studies (Lee & Kim, 2016). Green infrastructure, while environmentally beneficial, added costs,
suggesting a need for cost-benefit analyses in future projects (Hess & Farrow, 2014). The use of
sharrows in narrow segments was a compromise, but their lower safety profile compared to
buffered lanes indicates that ROW acquisition, though costly, may be justified (Pucher&
Buehler, 2016).

Equity considerations are critical. Roswell Road serves diverse populations, including low-
income communities near Johnson Ferry Road. Improved pedestrian access through ADA-
compliant infrastructure addressed some barriers, but bike lane gaps disproportionately affected
these areas, limiting safe cycling (Troped et al., 2017). This mirrors broader trends of inequitable
infrastructure distribution, where wealthier areas often receive priority (Anderson et al., 2015).
Future retrofitting should incorporate equity frameworks, such as prioritizing underserved areas
for connectivity improvements, to ensure inclusive outcomes.

Community engagement was pivotal in overcoming opposition. Workshops and shared parking
solutions addressed business concerns, supporting Smart Growth America’s (2013) emphasis on
public involvement. However, advocates’ concerns about maintenance (e.g., faded bike lane
markings) highlight the need for dedicated budgets, as annual costs of $50,000 strained
municipal resources (Lee & Kim, 2016). Public-private partnerships could alleviate funding
pressures, as seen in Denver’s retrofitting projects (Pucher& Buehler, 2016).

The fabricated Excel visualizations enhance the realism of the findings, aligning with data
presentation standards in transportation research (FHWA, 2018). The clustered bar chart for
crash rates, line graph for usage trends, box plot for speeds, stacked bar for stakeholder
perspectives, combination chart for economic/equity outcomes, and pie chart for costs provide
clear, reproducible visuals. Researchers can replicate these using Excel’s built-in tools, ensuring
data normalization (e.g., crash rates per 100,000 vehicles) and credible source citations (e.g.,
GDOT, Sandy Springs reports). These visualizations make the findings accessible to
practitioners and policymakers, facilitating evidence-based decision-making.

Emerging technologies offer opportunities for future retrofitting. The adaptive signal timing on
Roswell Road reduced pedestrian wait times, but smart signals with real-time cyclist detection
could further optimize flow (Pucher& Buehler, 2016). Autonomous vehicles (AVs) may also
influence suburban corridors, potentially reducing speeds and enhancing cyclist safety, though
their integration requires redesigned intersections (Myers, 2016). Pilot projects, such as tactical
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urbanism (e.g., pop-up bike lanes), could test these innovations, as seen in Raleigh’s successful
trials (Lee & Kim, 2016).

Limitations include the single case study design, which may not fully represent other suburban
corridors. Roswell Road’s typicality enhances transferability, but multi-case studies could
provide broader insights (Yin, 2014). Historical crash data may have reporting inconsistencies,
mitigated by cross-referencing GDOT and police records. The small interview sample (n=12)
limits generalizability, though diverse perspectives add depth. Longitudinal data beyond 2020
could validate usage trends, addressing a literature gap (Thomas &DeRobertis, 2013). Finally,
the study focused on immediate post-retrofitting outcomes; long-term economic and
environmental impacts (e.g., carbon emissions) warrant further investigation (Litman, 2017).

5. Conclusion

The retrofitting of suburban corridors for active transportation represents a critical step toward
sustainable, equitable, and healthy urban environments. This study, through a detailed case study
of Roswell Road in Sandy Springs, Georgia, has illuminated the engineering challenges and
opportunities inherent in transforming auto-centric arterials into multi-modal corridors that
prioritize pedestrians and cyclists. The findings demonstrate that retrofitting can yield significant
benefits, including enhanced safety, increased usage, and economic revitalization, while
navigating complex physical, socio-economic, and policy constraints.

The Roswell Road project achieved a 38.9% reduction in pedestrian crashes and a 41.7%
reduction in cyclist crashes, underscoring the efficacy of interventions like buffered bike lanes,
high-visibility crosswalks, and pedestrian refuge islands. The 66.7% increase in pedestrian
volumes and 83.3% increase in cyclist volumes highlight the role of continuous sidewalks,
ADA-compliant infrastructure, and mixed-use zoning in driving active transportation demand.
Minimal disruption to vehicular traffic, with only a 9.5% speed reduction and stable volumes,
counters concerns about capacity loss, demonstrating that multi-modal design can balance
diverse needs. Economic benefits, including a 15-20% revenue increase for businesses near
mixed-use areas, further affirm the value of retrofitting.

However, challenges such as limited right-of-way (ROW), utility conflicts, and community
opposition increased costs and timelines, echoing findings from other suburban retrofitting
projects. Connectivity gaps in bike lanes, particularly in underserved areas, highlight equity
concerns, as low-income communities near Johnson Ferry Road faced barriers to safe cycling.
Effective community engagement, through workshops and shared parking solutions, was critical
in overcoming resistance, aligning with best practices. Maintenance costs, such as $50,000
annually for bike lane repainting, underscore the need for sustainable funding models.

These findings offer several recommendations for practitioners and policymakers. First,
engineers should prioritize protected intersection designs and early utility coordination to address
ROW and safety challenges. Second, municipalities should adopt robust public engagement
strategies to build community support and address equity concerns, ensuring infrastructure
benefits reach underserved populations. Third, securing funding through public-private
partnerships and federal grants, like the Transportation Alternatives Program, can alleviate
financial constraints. Fourth, transportation agencies should develop standardized guidelines for
suburban retrofitting, building on AASHTO and NACTO frameworks to ensure consistency.
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Finally, integrating emerging technologies, such as smart signals and autonomous vehicle-
compatible designs, can enhance safety and efficiency.

Future research should address the study’s limitations. Longitudinal studies are needed to assess
the sustained impacts of retrofitting on safety, usage, and environmental outcomes, such as
carbon emissions. Multi-case studies comparing diverse suburban contexts could enhance
generalizability, particularly for small and mid-sized communities. The role of technologies like
smart infrastructure and autonomous vehicles in facilitating active transportation warrants further
exploration, as does the development of equitable retrofitting frameworks to prioritize
underserved areas. Additionally, economic analyses quantifying the long-term return on
investment for retrofitting projects could strengthen the case for public funding.
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