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Abstract

This review critically assesses the feasibility and implications of elevated Small Vehicle Arterials as a 
solution for integrating smaller vehicles into urban environments. It examines the historical context of 
automobile-centric  urban  planning  and  the  resulting  marginalization  of  active  transportation, 
positioning  SVAs  as  a  potential  response  to  these  challenges.  The  review  analyzes  SVA design 
principles,  comparing them to existing highway infrastructure and highlighting key adaptations for 
smaller vehicles. Potential benefits, including reduced congestion, lower vehicle costs, and decreased 
land usage, are weighed against the challenges of implementation, such as public acceptance, funding, 
and integration with existing urban infrastructure. Finally, the review identifies key research gaps and 
future  directions  for  SVA development,  emphasizing  the  need  for  further  investigation  to  fully 
understand the potential of this innovative transportation concept.
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1 Introduction

"The dominance of automobiles in 20th-century urban planning significantly shaped land use”  [1]. .
Existing  roadway  infrastructure,  primarily  designed  for  cars  and  trucks,  comprises  a  hierarchy  of
arterials, collectors, and local roads [2] [3]. Conventional wisdom among transportation planners often
prioritizes automobile-centric solutions [4].  This prioritization of automobile infrastructure has often
marginalized active forms of transportation [5]. Consequently, smaller individually operated vehicles,
such  as  bicycles,  e-bikes,  e-motorcycles,  e-scooters,  velomobiles,  and  small  cargo  vehicles,  are
generally excluded from Limited Access Thoroughfares (LAT), limiting their utility for commuting and
longer urban trips [6]. 

Within  this  context,  the  novel  concept  of  elevated  Small  Vehicle  Arterial(s)  (SVA)  emerges  as  a
potential framing to facilitate discussion for integrating smaller vehicles into the urban landscape more
effectively. SVA are most easily conceptualized as scaled down automobile like highway infrastructure
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exclusively for small vehicles and pedestrians, while prioritizing human powered modes of travel. This
review critically examines the feasibility and implications of mirroring the automobile roadway system
with smaller scale elevated SVA constructed above existing streets. This conceptualization allows for a
direct comparison with urban automobile roadways, examining the potential benefits and drawbacks of
a dedicated, high-speed network for small vehicles and pedestrians  [7]. However conceptualizing an
entirely new roadway class and assuring readers share visualizations is anything but a simple task [8]
[9].

The proposed SVA system aims to replicate the core benefits of automobile arterials—speed, efficiency,
and high capacity—at a smaller scale, potentially offering a superior level of service for small vehicles
in urban areas [10]. SVA highways are to be installed mostly over signalized urban streets. While cars
and trucks  navigate  signalized intersections  below,  small  vehicles  on the  SVA could bypass  these
delays, potentially influencing user preferences and alleviating congestion in areas with high traffic
generator density [3] [11].  

A key  challenge  in  this  analysis  is  the  apparent  novelty  of  the  elevated  urban  SVA concept.  A
comprehensive literature review has revealed no prior research or documentation of SVA networks
integrated  into  existing  urban  transportation  systems.  This  lack  of  precedent  necessitates  a  more
exploratory approach, drawing upon analogous concepts and principles from related fields to inform
the assessment.

To  facilitate  future  analytical  work,  this  review  will  further  explore  the  potential  benefits  and
challenges  of  SVA,  considering  factors  such  as  cost,  safety,  and  accessibility  for  pedestrians  and
cyclists [12] [13]. Initial parameters for discussion include a hypothetical lane width of approximately
1.5 meters (4.5 ft) and a hypothetical tare weight limit of 340 kg (750 lbs.) for small vehicles on Class
3 roadway. A philosophical cost analysis comparing select SVA highway construction to traditional
automobile  highways  is  undertaken,  considering  the  smaller  scale  and  feasibility  of  elevated
implementation.  Finally,  the  potential  trade-offs  between  replicating  the  positive  attributes  of
automobile roadways while mitigating their negative impacts at a smaller scale will be addressed.

A hypothesis is that, similar to scaled-down railroads, SVA will be less costly per mile to construct in
congested urban areas compared to traditional automobile arterials under similar conditions [14]. This
reduced scale is also hypothesized to facilitate the feasibility of elevating the highway above existing
city streets. 

Given that the small vehicle modes discussed in this review are generally compatible with existing
bicycle lanes, research on bicycle infrastructure and usage patterns can inform the analysis of SVA.
While numerous studies have examined small vehicles sharing roadway space with automobiles at-
grade,  there  is  a  notable  lack  of  research  specifically  addressing  the  characteristics  and  design
considerations of elevated SVA. However, calls for improved e-bike infrastructure, including elevated
arterials, have emerged within the broader discourse on urban transportation [15].

The broadest application for SVA lies in the potential to serve the entire range of vehicles and modes
currently excluded from conventional urban arterials. These include everything from motorized small
vehicles, such as e-bikes and scooters, to human-powered modes like bicycles and pedestrians. Given
the well-established health and livability benefits of active transportation, prioritizing pedestrians and
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cyclists  within  this  new  infrastructure  is  essential  [16].  Designing  a  state-of-the-art  system  that
accommodates this wide spectrum of users, while prioritizing active forms of travel, presents a unique
and complex challenge.

2 Methodology

Any new technology will have positive or negative attributes. The positive attributes can be optimized
and the negative attributes can be mitigated. The primary focus at the incipient stage is to illustrate
these  areas  of  future  optimization  or  mitigation.  Any reader  about  new technology  wants  first  to
understand what  the technology is  and then an opportunity to  discern for  themselves  whether  the
positive and negative attributes on balance create an investable opportunity. Therefore the format of the
article is organized to describe Benefits and Challenges. 

This article introduces the urban elevated SVA concept, an innovative approach to urban transportation
design.  Originally  conceived  as  Small  Vehicle  Limited  Access  Thoroughfare(s)  (SVLAT)  with
supporting feeder roads, the concept has evolved to encompass a broader functional definition of SVA,
encompassing small vehicle signalized streets, small vehicle urban highways, and urban SVLAT. This
article serves as a foundational framework for future research, providing a preliminary comprehensive
exploration of the key aspects of SVA.

This  review  critically  examines  the  concept  of  elevated  SVA,  analyzing  basic  design  principles,
potential  benefits,  costs,  and  implementation  challenges  within  the  context  of  existing  urban
transportation systems.  The review will  assess  the  feasibility  of  SVA as  a  strategy for  integrating
smaller  vehicles  into  urban  environments,  considering  factors  such  as  cost-effectiveness,  safety,
environmental impact, and public acceptance.

Given the  absence  of  scaled-down examples,  understanding the  effects  of  scaling  requires  careful
engineering analysis through calculations and illustrations. In some cases where no alternatives are
viable  trial  balloons  are  floated  creating  hypothetical  scenarios.  While  existing  literature  provides
valuable insights into relevant parameters, a comprehensive review including use of engineer design
methods is necessary to establish a shared understanding of the core principles. Therefore, a hybrid
approach, integrating design, with a focused literature review is pursued creating a hybrid design and
review article.

This  initial  exploration  prioritizes  key  areas  relevant  to  the  nascent  stage  of  SVA development:
feasibility, accessibility, equity, environmental impact, and regulatory considerations. The subtopics,
identified through brainstorming, form the basis of a utilitarian review designed to illuminate their
relationship to scaled-down arterials. 

Emerging technologies inherently present  both benefits  and challenges.  At this  incipient  stage,  the
primary focus is to highlight potential areas for future optimization and mitigation. The review format
avoids drawing conclusions leading readers to draw their own conclusions or use elements of this
review in the formation of their own research projects.
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Research results are provided mostly by One Search tool at Kraemer Family Library University of
Colorado Colorado Springs and AI tool Aria. It is not intended this search is reproducible as much
novel work has gone into development of search terms and some of the searching was done years ago
using different tools.

3 Background

Existing  transportation  systems  are  complex  and  highly  evolved.  Integrating  a  new transportation
network, such as the proposed elevated SVA system, presents significant complexities,  particularly
regarding  cost-effectiveness.  Successful  integration  requires  a  detailed  understanding  of  existing
networks, the potential impact of the new network on existing traffic patterns and user behavior, and an
accurate  assessment  of  demand for  the new infrastructure.  Users  will  inevitably compare the new
network with the existing system, creating a daunting challenge to address all current or past issues
associated with transportation networks. This review prioritizes discussion of the most critical issues
identified by the author and reviewers during the preparation of this article. Given the complexity of
the subject, a comprehensive analysis of every potential issue is beyond the scope of this review.

3.1 History and Evolution of the SVA concept

The concept of SVA arose from the need to integrate smaller vehicles more effectively into urban
transportation  networks.  Recognizing  the  dominance  and  efficiency  of  LAT for  automobiles,  the
SVLAT concept proposes a similar infrastructure tailored to the needs of smaller vehicles like electric
bicycles, velomobiles, and electric motorcycles. This approach aimed to replicate the benefits of LATs
while adapting to the specific characteristics and requirements of these smaller vehicles. Early in the
conceptualization phase, the potential for egress routes to be used for normal pedestrian access was
recognized. The elevated pedestrian walkway evoked parallels with elevated urban malls which then
created a vision of bicycle highways within large pedestrian malls. 

3.2 Comparison with Existing Transportation Systems

Existing transportation systems typically classify roadways into four functional types: major arterials,
minor arterials, collectors, and local roads [3]. In the United States, the distribution of mileage across
these roadway types reveals a minority proportion of lane miles dedicated to higher-capacity arterials,
however  these arterials  carry a  disportionately larger  share  of  the traffic  [2].  A feature  of  the US
transportation network is the LAT highway system, which comprises 2% of the lane miles while carring
25% of the traffic  [17]. While automobiles utilize all four roadway types, smaller vehicles are often
restricted to collectors and local roads, limiting their efficient long-distance travel  [6]. Some regions,
notably the Netherlands, Germany, Denmark and U.K., have implemented bicycle highways, offering a
dedicated infrastructure for certain small vehicles [18].

Table 1 Typical automobile distribution of urban road type and usage by percent compared to
available roads for small vehicles and pedestrians from Exhibit 1-7 AASHTO Green Book. [2]
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Principal + Minor Arterial Collector Local Road

Travel Volume (%) 65-80 5–10 10-30

Length (%) 20-25 5-10 65-80

Active Transportation No Bicycles, no sidewalks Bicycles  lanes  on  some,
sidewalks

Bicycles allowed, sidewalks

Small Vehicle Few arterials found. Some collectors. Widely allowed.

Table 1 shows the relation between roadway miles and volume of traffic for the four functional types of
roadway in the USA [2]. Figure 1 is a graphical representation of this data which can aid visualization.
The data  shows arterials  and collectors  carry  a  disproportionate  amount  of  traffic  vs  the  roadway
length. 

The US Interstate Highway System, comprising 2.6 percent of all roadway lane miles in the United
States, carries 26 percent of the nation's vehicle travel [17]. While primarily rural, the Interstate system
also serves as a crucial arterial network within major urban areas [19]. This review proposes a system
of SVA to provide similar arterial functionality for small vehicles in urban environments. The current
lack of such infrastructure may represent a "missing link" in urban transportation networks, which, by
design, often prioritize automobiles over smaller, automobile-like transportation modes.

The concept of elevated roadways for bicycles and other small vehicles, as a means of cost reduction
and enhanced efficiency, is not new. An 1896 New York Times article proposed an elevated bicycle path
over a railway line, comparing its cost to that of a subway [20]. However, as was typical of publications
from that era, the proposal lacked practical details. Other historical and contemporary examples of
elevated bicycle paths include the California Cycleway and the SkyCycle proposal in London [21].

Figure 1 Graphic of Table 1 showing relative importance of arterials for moving traffic.

Traditional roadway design parameters, often codified in law, demonstrate a clear difference in scale
between infrastructure for automobiles and that for smaller vehicles. Table 2 illustrates this disparity,
highlighting the larger corridor size and higher design weight for traditional roadways compared to the
proposed SVA design. Furthermore, Table 2 shows smaller vehicles typically operate at lower design
speeds than automobiles.  Recommendations for reducing carbon emissions include strengthening the
sustainable  transportation  system  by  promoting  eco-friendly  and  energy  efficient  modes  of
transportation [22]. Transport sector, and therefore, urban mobility, is a key factor for economic growth
and sustainability  [23].  This difference in scale, combined with the higher efficiency (see Table 3),
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lower emissions and less weight of smaller vehicles, underscores the potential benefits of a dedicated
SVA network.

Table 2 Select Physical characteristics of transit ways operation for pedestrians and vehicles.

US LAT Micro car Pedelec Cargo Bicycle Pedestrian

Preferred  lane
width

12 ft [2], [21] 1.5 m (4.5 ft) 1.5  m  (4.5  ft)
[17]

 1.5  m(5  ft)  to
2.2  m  (7  ft)  2
side-by-side [19]

Maximum Lane
Height

16 ft [21] 2.5 m 100” [2]

Design Weight 39,594  kg  (80,000  lbs)
[20]

100 kg (220 lbs) – 500 kg
(1100 lbs) (estimated)

Speed 55-75 mph US [24] Up to 75 kph (45 mph) 50 kph E-bike  12-18
mph,  manual
bicycle  4-18
mph. [17]

Walking
speed  up  to
1.0 m/sec, 3.6
kph. [18] i

Preferred  lane
construction

Slower modes excluded Faster/Slower modes
excluded

Faster/Slower
modes excluded

Faster/Slower
modes excluded

Faster  modes
excluded

SVLAT
Corridor

Excluded Max  weight,  can  use
Class  III,  50  kph  speed
limit.

Uses  Class  III
below 28 kph

Uses  Class  III
below 28 kph

Uses  Pedestrian
only lanes

15 minute
(SV)LAT
commute

25 km (15 miles) 12.5 km (7.5 miles) 12.5  km  (7.5
miles)

6.25  km  (3.75
miles)

Not estimated.

[25] [26] [27] [28] [29]  [30]

Table 3 Fuel efficiency for select transportation modes.

Automobile Twizzy Bicycle Pedestrian

Electric
Efficiency 

30 kwh/100 miles 9.65 kwh/100 miles 1.9 kwh/100 miles None

[31] [32] [33]

3.3 Types of Small Vehicles for SVA

This  review  focuses  on  SVA infrastructure  designed  exclusively  for  smaller  vehicles,  excluding
traditional  automobiles.  While  initially  conceived for  egress,  pedestrian and other  human powered
access has been re-classified to be an integral part of the SVA concept, promoting accessibility and
multi-modal integration [15] [34] [35].

The term "automobile" requires careful definition in this context. As smaller vehicles evolve, they may
eventually  possess  similar  functionality  to  automobiles.  For  the  purposes  of  this  review,  "small
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vehicles" are defined as those that can operate in estimated 1.5-meter (4.5-foot) lanes with a minimum
tare weight of 340 kg (750 lbs). These parameters are proposed as starting points for discussion and
may be subject to further refinement.

4 Potential Benefits of Elevated SVA

Introducing significant transportation capacity for small vehicles above signalized city streets, without
substantially impacting traffic flow below, offers several potential advantages. This approach could
alleviate  congestion,  enhance  urban  mobility,  decrease  parking  costs,  lower  vehicle  expenses,  and
reduce land use demands and associated costs.

4.1 Increased Transportation Capacity

Elevated Small Vehicle Arterials offer a potential solution to urban traffic congestion by introducing
additional  capacity  above  existing  roadways  without  blocking  roadways  below.  This  new  arterial
capacity is achieved by adding dedicated SVA lanes, which can be designed with or without traffic
signals. Some versions are similar to existing Limited Access Transportation systems for automobiles.

Estimating  per-lane  capacity  for  uninterrupted-flow  SVA  highways  presents  challenges.  While
Highway Capacity Manual speed-flow curves offer guidance, their applicability to SVA is limited. The
HCM  primarily  focuses  on  speeds  between  90  km/hr  and  120  km/hr,  exceeding  the  anticipated
operating speeds of SVA [36].  Furthermore, existing mathematical models may have limitations [37] ,
and real-world data for calibration and validation are non-existent for SVA [38]. 

However, fundamental models based on driver reaction time offer a valuable starting point [39]. These
models posit  that consistent driver experience, in terms of vehicle controls and perceived highway
design,  leads  to  similar  reaction times.  This  consistency in  reaction time translates  to  a  relatively
uniform time gap between vehicles, which is a key determinant of lane capacity.

This concept of a time gap, often referred to as the "two-second rule," is a cornerstone of USA driver
education  [39] [40] [41]. While the traditional practice of maintaining a safe following distance by
counting car lengths (one car length per 10 mph) is applicable, consistent adherence to the two-second
rule renders lane capacity largely independent of speed. 

The  two-second  rule,  when  considered  from  a  capacity  perspective,  offers  a  simplified
illustration of highway lane capacity. A stationary observer on a highway where drivers adhere
to the two-second rule will observe a vehicle passing every two seconds, resulting in a flow rate
of 30 vehicles per minute. Because the two-second rule is, in principle, independent of speed,
this flow rate remains constant, assuming consistent adherence to the rule.

Therefore, assuming throttle-controlled vehicle operation, the capacity of a conventional limited-access
highway lane can serve as a reasonable first approximation for the capacity of a small-vehicle limited-
access lane on SVA.

Volume 1. No. 1 2025 IJISTD Urban Elevated Small Vehicle Arterials: A Critical Review Daniel T. Price, P.E

25014455 copyright: author Licence is non-distributable 7/43



4.2 Reduced Traffic Congestion

Traffic congestion has been a persistent issue since the advent of roadways  [42] [43]. Traditionally,
congestion  has  been  addressed  by  increasing  transportation  capacity.  However,  the  limitations  of
expanding  urban  automobile  infrastructure  have  been  recognized,  prompting  a  reassessment  of
congestion relief strategies [44]. The ongoing transition from gasoline to electric vehicles is projected
to  exacerbate  congestion,  and various  models  have  explored  methods  to  alleviate  this  on  existing
highways [45] [46] [47]. A critical unanswered question is whether constructing scaled-down highways
above existing city streets for smaller vehicles offers a cost-effective temporal solution to congestion.

This article discusses a novel paradigm: building elevated arterials for small vehicles above existing
transportation networks in congested urban areas. This approach offers a substantial capacity increase
with minimal impact on surface land use, potentially alleviating stress on overburdened transportation
systems.

Urban automobile streets are often characterized by high congestion and numerous impediments to
smooth traffic flow  [48]. In contrast, elevated SVA can facilitate uninterrupted traffic flow through
congested urban areas. Strategically locating SVA in areas with the highest congestion, which are often
concentrated trip generation zones [11], could significantly improve traffic conditions.

4.3 Improved Urban Mobility Compared State

The trend towards larger automobiles in US transportation has been likened to an "arms race," where
individuals opt for increasingly larger vehicles, escalating system costs, emissions, and consequently,
health-related expenses [49]. Congestion pricing has demonstrated its effectiveness in mitigating major
automobile externalities by reducing both vehicle sizes and congestion  [50]. The implementation of
SVA systems, by expanding the usability of inherently lower-cost  small  vehicles,  could potentially
yield similar benefits to congestion pricing, while simultaneously enhancing, rather than restricting,
urban mobility.

4.4 Reduced Parking Costs

While self-reported out-of-pocket parking costs for automobiles may be negligible among low-income
individuals [51] , this does not reflect the true cost, which is often obscured from the consumer. Smaller
vehicles inherently incur lower parking costs due to their  reduced size and weight  [52].  This cost
reduction can also benefit providers of "free" parking. Moreover, the smaller size requirements allow
for more conveniently located parking for small vehicles, with some cases, such as folding bicycles,
potentially eliminating the need for formal parking spaces altogether.

Compared to automobiles, bicycles require significantly less parking space, potentially as little as one-
sixth the area [52]. This translates to lower parking costs for both bicycles and small electric vehicles.
Folding  electric  bicycles  and  automated  parking  structures  further  minimize  land  use  per  vehicle.
Promoting  the  use  of  vehicles  with  reduced  parking  costs,  along  with  their  broader  societal  cost
benefits, provides an economic rationale for increased investment in SVA highways.
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4.5 Reduced vehicle costs

Smaller electric vehicles offer significant cost advantages compared to traditional automobiles. Studies
indicate that societal costs for small electric vehicles operating on existing roadways can be as low as
one-sixth of those associated with conventional cars  [53].  The high-volume production of electric
bicycles  contributes  to  their  lower  purchase  price  compared  to  automobiles  [54].  Furthermore,
economies of scale suggest that increased production of scaled-down, car-like electric vehicles could
lead to even lower costs due to reduced material and energy requirements [55] [56]. Consumers opting
for smaller vehicles designed for dedicated SVA would likely experience lower overall costs compared
to purchasing and operating a standard automobile on conventional roads.

Smaller vehicles designed for exclusive use on SVA offer significant cost advantages compared to
traditional  automobiles.  These  cost  reductions  stem from several  factors,  including lower  material
usage, simpler manufacturing processes, and reduced battery requirements.

The smaller size and simpler designs of SVA-compatible vehicles translate to lower material costs. This
is  particularly  evident  in  the  reduced  need  for  structural  materials  such  as  steel  and  aluminum.
Furthermore,  the  simpler  designs  often  involve  fewer  components,  simplifying  the  manufacturing
process and reducing associated labor costs. For example, the average cost of a kei car in Japan, a
category of small vehicles with engine displacement and dimension restrictions, is significantly lower
than that of a standard passenger car [57]. While kei cars are not specifically designed for SVAs, their
cost structure provides a useful analogy for the potential cost savings associated with smaller, purpose-
built SVA vehicles.

Electric vehicles designed for SVAs also benefit from reduced battery requirements. The lower weight
and expected operating speeds of these vehicles allow for smaller battery packs, which represent a
substantial portion of the overall vehicle cost. This cost advantage is further amplified by the potential
for SVA infrastructure to incorporate charging capabilities, reducing the need for extensive individual
charging infrastructure [58]. 

4.6 Reduced Land Use 

Land consumption for roadways represents a significant economic and environmental consideration. A
2016 study estimated the value of land used for USA roadways at $4.1 trillion, further noting that the
average  cost  of  roadway expansion  often  significantly  outweighs  the  benefits  when  land  value  is
considered  [59]. The proposed elevated SVA system offers a potential solution to this challenge. By
utilizing  the  airspace  above  existing  city  streets  and  employing  narrower  lane  widths,  SVAs  can
achieve  increased  transportation  capacity  with  a  substantially  smaller  land  footprint  compared  to
traditional roadway expansion.

The SVA design minimizes disruption to existing street-level activity. Columns supporting the elevated
structure can be strategically placed to leverage existing infrastructure, such as traffic signals, electrical
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poles, and light poles, relocating these functions to the SVA structure itself. While the design of SVA
supports presents a complex engineering challenge, requiring careful consideration of structural needs,
existing street uses, and potential underground interference, it offers a significant land-use advantage.

Optimizing SVA alignment is crucial for cost mitigation and minimizing disruption. Designers can
prioritize alignments that minimize interference with existing infrastructure and street-level activities.
While the design process is inherently complex, it is reasonable to anticipate minimal disruption to
existing urban functions along the SVA corridor. In essence, SVAs can provide additional transportation
capacity  without  consuming valuable  urban land.  Furthermore,  SVA implementation can lead to  a
significant  reduction  in  traffic  on  existing  streets,  opportunities  for  repurposing  land  currently
dedicated to roadways may emerge.

4.7 Auxiliary Uses for Structure

Integrating  urban  utilities  within  the  SVA structure  offers  significant  value.  Potential  applications
include accommodating electrical cables, fiber-optic cables, pipes, package conveyors, solar collectors,
and exercise corridors. While incorporating some of these auxiliary uses during initial construction is
feasible, designing the structure with adaptable space and load capacity for future utility upgrades is
likely  cost-effective.  Furthermore,  rack-mounted  utilities,  compared  to  underground  systems,  offer
easier access for maintenance and repair. Therefore, routing essential utilities above ground on the SVA
structure enhances resilience against flood and wind damage, presenting at times a superior alternative
to traditional overhead or underground placement.

4.8 Improved Accessibility

Active transportation modes, such as walking and cycling, play a crucial role in promoting accessibility
[60]. Electric bicycles and scooters can also enhance accessibility [61]. These active modes, powered
by human effort or pedal assistance, contribute to improved public health outcomes  [15] [34] [35].
Accommodating  manual  modes  within  the  SVA  system  serves  multiple  purposes,  including
transportation,  accessibility,  and emergency egress.  Integrating accessibility  considerations  into  the
fundamental design philosophy of SVA will ensure enhanced accessibility along the entire highway
corridor. Wide sidewalks, for example, can encourage walking and running while also providing access
for emergency responders and egress routes for the population.

Studies have shown that public transportation offers greater economic benefits in terms of accessibility
compared to private automobiles  [62].  Similarly, designing streets and roads that prioritize bicycle
usage has demonstrated positive economic impacts  [63].  These advantages may stem from the costs
and complexities associated with automobile parking. In contrast, individuals using public transit can
immediately transition to pedestrian mode upon exiting the system. By accommodating smaller, more
easily  parked  vehicles,  SVA are  expected  to  function  more  akin  to  mass  transit  than  to  private
automobiles  in  terms of  accessibility.  However,  since  SVA also share  operational  similarities  with
automobile infrastructure, certain deficiencies associated with automobile-centric design may persist.
Further research is needed to fully understand these potential drawbacks and develop strategies for their
mitigation.

Volume 1. No. 1 2025 IJISTD Urban Elevated Small Vehicle Arterials: A Critical Review Daniel T. Price, P.E

25014455 copyright: author Licence is non-distributable 10/43



4.9 Increased Average Modal Speed

Average modal speed considers the entirety of a trip,  from inception to completion,  encompassing
various interactions and potential modal shifts [64]. For automobile travel, the distance from origin to
parking, including navigation of local roads before accessing arterials, can significantly impact overall
trip time  [65] .  Public  transit  introduces additional  complexities,  such as wait  times and transfers.
Conversely,  small  vehicle  commuting  offers  advantages  like  convenient  parking  or  even  parking
elimination with options like folding bicycles  or  walking.  Providing parking for  small  vehicles  in
congested urban areas can also be more cost-effective [52] . Modeling mode choice, however, remains
a complex undertaking [66] [67].

Predicting  average  trip  speed  is  highly  dependent  on  the  specific  trip  and  urban  environment
characteristics. While various models attempt to predict passenger behavior following the introduction
of new transportation systems, many have proven inadequate [68]. Given the absence of existing SVA
infrastructure, mathematical trip generation models [69] remain untested, raising concerns about their
accuracy. Surveys, while potentially useful, are limited by participants' inability to accurately visualize
and  assess  unfamiliar  systems.  Therefore,  this  analysis  focuses  on  arterial  speed  to  evaluate  the
potential utility of elevated SVA compared to other modes. However, a truly predictive analysis for a
novel mode of transportation like SVA may only be feasible after real-world implementation.

The US Federal Highway Administration recommends a 50 kph (30 mph) speed limit for local urban
streets [70]. Vehicles on these streets encounter impediments such as traffic signals, roundabouts, and
stop signs. An uninterrupted elevated highway operating at the maximum speed of surface street traffic
would  inherently  achieve  a  higher  average  modal  speed.  Similarly,  pedestrians  or  cyclists  on  an
uninterrupted  sidewalk  experience  higher  average  modal  speeds  compared  to  those  navigating
signalized intersections. This improved traffic flow for SVA can contribute to reduced average modal
speed.

5 Costs for SVA Infrastructure

Costs for SVA infrastructure are a combination of land and construction costs. To do a cost estimation
we first need a design, however not only do we not know what to build where but we do not have
agreement  what  to  build.  Therefore  a  cost  estimation  at  this  stage  is  impractical.  A preliminary
assessment, however, can be conducted by comparing cost precursors for traditional automobile urban
arterials with novel SVA.

5.1 Land Acquisition Costs

SVA systems, as entirely new infrastructure within existing urban environments, will necessitate some
land  acquisition.  However,  the  projected  alignment  of  the  infrastructure  primarily  within  existing
public right-of-way suggests that land acquisition costs will be lower than those associated with new
automobile  arterials.  Furthermore,  increased  traffic  flow generated  by  SVA systems  could  benefit

Volume 1. No. 1 2025 IJISTD Urban Elevated Small Vehicle Arterials: A Critical Review Daniel T. Price, P.E

25014455 copyright: author Licence is non-distributable 11/43



adjacent private facilities. This potential for mutual benefit may facilitate voluntary interconnections
between SVAs and private  facilities,  potentially  obviating  some need for  land acquisition  through
eminent domain.

5.2 Cost Comparison: SVA vs. Automobile Arterials

As indicated in Table 1, the projected volumetric footprint of SVA corridors is substantially smaller
than traditional automobile highway corridors, approximately half the height and one-third the width.
This  allows  for  a  six-fold  increase  in  lane  capacity  within  the  same  volume.  Furthermore,  lower
operating  speeds  of  small  vehicles  translate  to  reduced  static  and  dynamic  design  loads  per  lane
compared to limited access transportation systems  [71] [72]. This combination of reduced loads and
smaller volumetric footprint can significantly decrease bridge construction costs for equivalent traffic
volumes. Microcars, with their lightweight design, represent a vehicle class potentially compatible with
both LAT and SVA systems [73] [74].

The smaller scale and lower design loads of SVA corridors favor above-ground construction using steel
structures. While SVA structures must adhere to bridge design methodologies for dynamic loads, the
reduced weight  and speed of  small  vehicles  result  in  lower  design loads  compared to  automobile
bridges  [71].  Consequently,  less  material  is  required  per  lane  compared  to  elevated  automobile
highways.  Steel  structures  also  offer  faster  erection  times  compared  to  traditional  at-grade  urban
highways,  potentially  minimizing  construction  costs  and  disruptions  to  existing  transportation
networks.

Although estimating infrastructure costs for a novel structural category is complex, SVA cost prediction
could be relatively straightforward. The design and construction methods are well-established, drawing
parallels from existing low-rise commercial structures with similar occupancy and height parameters.
As public roadways designed by professional engineers using modern tools, SVA structures should
exhibit superior resilience to extreme weather events compared to typical residential structures  [75].
Their  covered  or  potentially  enclosed  nature  may  also  offer  advantages  for  emergency  access  in
extreme situations, unlike conventional roadways which are susceptible to debris blockage.

SVA building design must integrate both commercial building codes and bridge design codes. While
the structures will experience cyclic loading from traffic similar to bridges, the magnitude of these
loads will be reduced due to lower vehicle speeds and weights [28]. Pedestrian walkway design loads
will closely resemble that of commercial buildings, therefore the resultant structure should be similar.
Incorporating  design  margins  for  future  capacity  expansion  or  vehicle  evolution  may  prove  cost-
effective.  A detailed  study  of  requirements  may  necessitate  the  development  of  new standards  to
address the unique combination of factors associated with SVA.

Accurate cost estimation is currently hampered by factors such as routing studies, underground utility
assessments,  and various  technical  challenges  identified  in  this  study.  Mitigating interference with
underground utilities  can influence routing and above-ground design details,  requiring site-specific
considerations for each locality  [76]. The design process, including cost-benefit reconciliation, will
require significant time and resources.
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5.3 Spacing Considerations for Elevated SVA

A critical factor influencing the economic feasibility of SVA systems is the required spacing between
arterials and ramps. Wider spacing reduces overall system costs by minimizing the number of required
components. Commuting patterns are a key consideration in transportation system design, with studies
indicating a willingness to bicycle up to 4.36 km (2.7 miles) from mass transit to work locations [77]
[78]. This distance may be greater with electric-assist vehicles. Given that most SVA users will be
using vehicles,  SVA have the potential  to address last-mile challenges associated with mass transit
systems for commuters.

The 4.36 km (2.7 miles) travel distance provides insight into potential arterial spacing. Hypothetically,
arterials spaced every 8.72 km (5.4 miles) could achieve full coverage for work commuting. However,
analogous  to  automobile  arterial  spacing,  such  wide  spacing  may  be  impractical  in  many  urban
contexts. Similar to automobile arterials, SVA spacing may range from 0.2 km (1/8 mile) to 4.8 km (3
miles)  [79].  These  could  include  SVLAT  or  elevated  secondary  arterials  with  marked  lanes  for
pedestrian traffic.

The potential for wider spacing offers flexibility in SVLAT alignment, potentially reducing costs or
enhancing accessibility compared to systems with stricter spacing requirements. This flexibility can be
leveraged during the design phase to optimize system performance and integration within the urban
fabric.

Therefore, numerous feasible alignments and ramp locations exist for SVA systems, offering greater
spacing  flexibility  compared  to  other  transportation  infrastructure  alternatives  due  to  the  use  of
personal vehicles by most users.

6 Challenges for SVA Implementation

Implementing  SVA infrastructure  presents  significant  challenges.  While  the  potential  benefits  of
reduced congestion, lower vehicle costs, and decreased land usage are substantial, several obstacles
must be addressed. Existing preferences for larger automobiles may pose a barrier to SVA adoption
[80]. SVA design must anticipate user preferences to create a route large number of users will prefer. A
cultural shift is required towards funding transportation improvements, particularly in areas with the
greatest transportation needs, such as underserved communities, will likely be difficult [81]. However,
the global scale of transportation challenges and the potential  for SVA to address these challenges
warrant further investigation.

6.1 Economic Justification and Potential Applications of Elevated SVA Networks

New SVA projects must compete with existing transportation marginal improvement projects that aim
to  optimize  existing  infrastructure.  Therefore,  identifying  locations  where  the  benefits  of  SVA
implementation are exceptionally high is crucial for justifying initial development.

Several potential applications warrant consideration:
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6.1.1 Waterway Crossings in Congested Urban Areas

Many  cities  are  situated  near  waterways,  requiring  bridges  and  tunnels  that  are  often  subject  to
congestion  pricing  [50].  The  lower  construction  costs  of  scaled  down  SVA bridges,  compared  to
traditional automobile highway bridges for equivalent traffic volumes, further enhances their suitability
in such contexts.

6.1.2 Transportation Upgrades for Major Events

Cities hosting events like the Olympics or World Fairs often require significant transportation upgrades
[82] [83].  SVA potentially  offer  a  faster  and more  cost-effective  solution.  The advantages  include
above-ground steel construction, reduced parking requirements,  lower design loads, elevated traffic
corridors, wide coverage, non-stop service potential and high capacity.

6.1.3 Flood Mitigation and Adaptation in Coastal Cities

Rising  sea  levels  and  increased  storm  intensity  due  to  climate  change  and  land  subsidence  pose
significant challenges for coastal cities  [84]. Elevated, enclosed SVA networks, designed to modern
codes and climate resilience standards, can provide a crucial transportation alternative in flood-prone
areas.

6.1.4 Congested Urban Areas with Predominantly Small Vehicle Usage

In regions with high traffic congestion and a prevalence of small vehicles, the economic benefits of
improved mobility alone may justify the investment in elevated SVA systems.

6.1.5 Underserved Urban Areas with Limited Highway Access

A strong positive correlation exists between city size and household travel costs, driven by increased
spatial distances and traffic congestion [85]. In urban areas lacking adequate highway access, such as
Manhattan Island where limited-access highways terminate at the island's boundaries, elevated SVA
can provide  a  viable  solution for  expanding transportation capacity  where  underground or  surface
network expansion is impractical.

6.2 Integrating SVA within Existing Urban Infrastructure: A Feasibility Study

The successful integration of SVA within the existing urban fabric requires careful consideration of
potential  physical  interferences  with  existing infrastructure.  To assess  feasibility  under  constrained
conditions,  a  sketch  study  was  conducted,  demonstrating  a  hypothetical  SVA installation  over  a
relatively narrow street. This study assumed the accommodation of three traffic classes: pedestrians,
Class  1  vehicles  (e.g.,  bicycles),  and  Class  3  vehicles  (e.g.,  small  electric  vehicles),  with  the
understanding that  existing  utilities  (electric  lines,  traffic  signals)  could  be  relocated  and building
interferences would be avoided.

Figure 2 presents the results of this study for a single-level SVA configuration over an 80-foot (24.38
m) wide street. The design incorporates 12-foot (3.66 m) square traffic corridors mounted 24 feet (7.32
m) above street level. The findings indicate that this configuration can accommodate all three traffic
classes within the available space, adhering to current regulatory structures.
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Figure 2: Two vehicle classes and pedestrian lanes over an 80' (24.38 m) wide street

Another critical  aspect  of  SVA integration is  the intersection of  non-stop highways above existing
roadways. Figure 3 illustrates a stacked configuration of two SVA and traffic circles, positioned 24 feet
(7.32 m) above an intersection, maintaining a total height of less than 100 feet (30.5 m). The Class 3
electric vehicle traffic circle is placed above the Class 1 circle, based on the assumption that electric
vehicles  can  manage  elevation  changes  more  effectively  than  manually  powered  bicycles.  For
simplicity Figure 3 only shows the primary space allocation, in this configuration only left turning
traffic is required to enter the roundabout space.

Figure 3: Two vehicle traffic circles over 80' (24.38 m) wide street.

6.3 Vehicle Design and Regulatory Considerations for SVA
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The  increasing  popularity  of  small  electric  vehicles,  as  evidenced  by  the  higher  sales  of  electric
bicycles compared to electric automobiles in the US from 2018-2022 [86], suggests a readily available
initial  user  base  for  SVA. Various  operational  models  are  possible,  with  vehicles  provided by the
system operator, third-party operators, or even individual users. In any scenario, the smaller, lighter,
and lower-speed vehicles used in SVA are expected to have lower costs than conventional automobiles
[87]. However, critical safety considerations, such as fire risk, enclosed-environment air quality, and
the potential for full automation, necessitate the development of comprehensive regulations to ensure
uniform safety standards.

The potential of fully autonomous vehicles to enhance highway capacity and reduce accidents is well-
recognized [88]. While retrofitting existing highways for autonomous driving may be impractical [89],
designing new infrastructure  like  SVA with  integrated  features  like  centralized  monitoring/control,
dedicated communication systems, and fixed highway sensors offers a unique opportunity to optimize
for autonomous driving safety. Targeted studies could explore limiting new Class 3 SVA or specific
lanes to fully autonomous operation.

The ongoing evolution of vehicle designs, from velomobiles  [90] to specialized delivery vans  [91],
further underscores the dynamic nature of this field. The introduction of SVA may even stimulate the
development of novel vehicle concepts tailored to this new infrastructure. Accommodating such future
innovations may require adaptable lane designs and system flexibility.

In conclusion, the foundational elements for SVA vehicle fleets already exist,  and the potential for
further design evolution is significant. A proactive approach to safety regulations and a forward-looking
design philosophy will be crucial for maximizing the benefits of SVA.

6.4 Technical Challenges in SVA Infrastructure Development

Designing and constructing extensive  low-rise  steel  structures  for  elevated SVA, while  technically
feasible, presents distinct challenges beyond mere structural considerations. A primary concern lies in
anticipating and accommodating diverse human behaviors for this novel transportation system. While
insight can be gleaned from current transportation industry experience, attributes unique to SVA will
need to be discovered and explored. The design must address a full spectrum of operating conditions,
including routine maintenance, emergency response scenarios, and normal daily operations.

Despite these challenges, the unique characteristics of SVA also present opportunities for operational
improvements compared to conventional automobile highways. The lower vehicle loads and narrower
roadways,  for  instance,  enable  the  use  of  prefabricated  drop-in  panels  for  rapid  roadway  surface
renewal.  Furthermore,  optimizing the  internal  design of  enclosed SVA corridors  can minimize  the
effects of internal air friction on vehicle performance.

While design recommendations for bicycle pathways are comprehensive for local and some highway
applications, the emergence of SVA necessitates the development of new standards. For instance, the
Manual on Uniform Traffic Control Devices [92] allocates considerably more attention to automobile
signage on highways than to signage for SVA. This disparity highlights the need for further research
and standardization in SVA signage and other design parameters to ensure safe and efficient operation.
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The dominance of the automobile has led to varying degrees of automobile dependency in urban areas
[93],  ranging  from complete  reliance  to  mixed  transit/automobile  dependence.   Integrating  a  new
transportation system like SVA into existing urban environments, particularly those heavily adapted to
automobile-centric  infrastructure,  presents  complex  and  often  unforeseen  challenges  [94].
Understanding the interplay between existing urban form and the introduction of SVA is crucial for
most successful implementation.

6.5 Potential Detrimental Effects of Elevated SVA and Mitigation Strategies

Elevated SVA networks, while offering numerous potential benefits, may also present certain visual and
environmental  challenges.  In  areas  with  existing low-rise  buildings  or  street-level  art  installations,
elevated  structures  could  obstruct  sightlines  and  diminish  aesthetic  appeal.  However,  in  areas
dominated by modern high-rise buildings, the visual impact is likely to be less pronounced. Given that
SVA corridors are generally envisioned as low-rise structures, not exceeding the height of a five-story
building, their integration into existing urban landscapes requires careful consideration.

The elevated corridors will inevitably cast shadows on nearby buildings and streets below. While the
relative sparsity of the highways may minimize this impact,  mitigation strategies such as strategic
lighting, route selection, and corridor design should be explored. Furthermore, incorporating windows
into elevated structures may create sun glare, potentially contributing to accidents on the streets below.
This issue can be addressed during the design phase by incorporating external louvers or angling the
windows to minimize glare.

Social isolation has been shown to be reduced by increasing mobility through public transportation
[95]. SVA by incorporating active forms of travel can have a positive effect on health outcomes for
older population  [96].  Social spaces such as rooftop entertainment venues or parks could transform
transportation  infrastructure  into  destinations,  fostering  social  interaction.  Similarly,  encouraging
nearby buildings to provide elevated access and incorporating commercial spaces within or adjacent to
SVA corridors  can  create  vibrant  hubs  of  activity.  Routing  SVA traffic  partially  or  fully  through
building interiors, particularly in designated destination areas, could further enhance social interaction.
Prioritizing accessibility and connectivity within SVA design can help mitigate the potential for social
isolation.

6.6 Regulatory Frameworks and Design Considerations for SVA Networks

Existing transportation regulations are often optimized for the current infrastructure and vehicle types.
The widespread adoption of urban elevated SVA networks will necessitate the development of new
regulations tailored to this novel transportation mode. Commute time preferences, typically capped at
30  minutes,  and  alternative  proposals  considering  15-minute  increments,  should  inform  these
regulations [35].  The reduced speeds of some small vehicles compared to automobiles will inherently
limit the effective range of SVA vehicles, influencing network design, city design and user adoption.

Electric  bicycles  have  demonstrated  the  potential  to  overcome  certain  limitations  associated  with
traditional  cycling,  including  range,  grade,  and  speed  [97].  Designing  SVA  infrastructure  to
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accommodate diverse classes of electric bicycles is crucial for maximizing average modal speed for
small vehicle commuting.

The lower speeds envisioned for SVA networks align with sustainability goals [98]. Higher speeds offer
the advantage of increased range for a given travel time, however some research questions the value of
increased  speed  [99].  Determining  appropriate  speed  limits  for  SVA will  likely  involve  ongoing
discussion and analysis. Currently, small motorcycles, including some electric models, possess the size
and weight characteristics suitable for SVA usage and can navigate existing LAT systems. The practice
of lane splitting, permitted in certain jurisdictions, highlights the maneuverability of motorcycles in
narrower lanes  [100]. Similarly, microcars can navigate narrower lanes than automobiles  [73] [74].
Continued development may enable smaller, LAT-capable automobiles to utilize SVA infrastructure.

Small, throttle-controlled vehicles, such as electric bicycles, motorcycles, and some electric cars, can
be designed for a wide range of speeds. However, existing vehicle classifications, such as Class 3
vehicles with a maximum speed of 47 kph (28 mph) [101], provide a useful reference point. While the
optimal  maximum speed for  SVA remains  an  open question,  focusing  on the  Class  3  designation
simplifies the discussion within this paper.

6.7 User Preference

A critical question for any proposed transportation system is its likely adoption rate. Will potential
users embrace the new infrastructure? This question highlights the crucial role of user preferences in
transportation system design. User preferences are a key feasibility factor, shaped by perceptions of
safety, convenience, cost, and cultural norms. These perceptions can vary significantly across cities,
countries, and individuals. Transportation designers must therefore strive to find optimal compromises
for  each  design  detail  to  encourage  positive  user  perceptions  [102].  Human  perceptions  can  be
surprisingly  resistant  to  change  [103].  Therefore,  early  investments  in  creating  a  positive  user
experience for initial SVA installations are likely to yield long-term benefits.

Meeting user needs is essential for the success of any transportation system. If perceived needs are
unmet, users will likely opt for alternative modes [104]. Given that SVA are a novel concept, virtual
highway environments could prove valuable in testing and correlating user perceptions with design
variables.

User preference for the private automobile has profoundly shaped urban environments [105]. The core
of  the  SVA proposal  is  to  create  urban  highways  that  offer  a  level  of  service  comparable  to
automobiles, particularly in congested areas [106]. The implementation of SVA could also incentivize
vehicle manufacturers to design smaller vehicles that align with current automobile user perceptions.

Studies  of  Dutch-style  bicycle  highways  have  demonstrated  that  certain  features,  such as  reduced
interaction with motorized traffic, perceived safety, and increased speeds, attract users [107]. However,
this  preference for  bicycle  highways tends to  diminish with increasing distance from the corridor.
Research in Munich has also shown that investments in infrastructure can increase the share of walking
and cycling [108]. These findings underscore the importance of studying human factors in the initial
implementations of  SVA, with the goal  of  replicating successful  features in subsequent  designs to
maximize positive user perceptions.
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The Level of Traffic Stress, based on Dutch design criteria, has been used as a metric to evaluate cycle
paths  [109]. SVA ramps, roundabouts, and elevated structures, especially if enclosed, present novel
environmental experiences for users. Design details that contribute to perceived stress must be carefully
considered. For example, the perceived stress of traversing a long, enclosed corridor without windows
could potentially be mitigated through the strategic placement of windows.

Studies indicate that user route preference is often based on perceived route quality, with some cultural
variations observed. For instance, cyclists in Greece are more likely to choose slower routes compared
to their counterparts in Germany. However, the implementation of dedicated bike infrastructure along
main streets appears to be a consistently preferred strategy across different user groups and locations,
likely due to the increased order and predictability it provides [110] [111]. These findings suggest that
users might favor elevated, non-stop, physically separated SVA lanes located near or above existing
commercial streets.

Transportation amenities can be a significant factor in attracting visitors to urban areas [112]. While the
novelty of  the first  SVA may initially  draw users,  the  long-term appeal  will  likely depend on the
availability of a transportation highway utilizing low-cost vehicles and facilitating easy access to urban
amenities.  The  ability  to  park  conveniently  and  transition  seamlessly  to  pedestrian  mode  could
transform congested urban centers into more desirable destinations.

6.8 Integration with Existing Transportation Networks

SVA transportation  interfaces  are  those  places  where  modal  shifts  occur.  Below  are  listed  some
transportation interfaces.

SVA pedestrian to street level

SVA Pedestrian to building on elevated walkway

SVA Class I to street

SVA Class I to SVA pedestrian

SVA Class 3 to street

SVA Class 3 to SVA pedestrian

Automobile Arterial to SVA Class 3 

SVA or pedestrian

SVA to mass transit

Most of these interfaces are discussed in other sections of this article. However some are addressed in
sections below.

Automobile Arterial to SVA Class 3 Interface

It is possible to design vehicles that meet both the criteria to travel along the traditional arterials and the
SVA system, electric motorcycle is one such vehicle [113]. Micro cars could be developed which also
meet both criteria for weight,  size and speed  [73].  Good speed control along SVA for these faster
vehicles would be required to achieve acceptable perceived safety for SVA riders.
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SVA to Mass Transit Interface

Rather  than  supplanting  existing  mass  transit  networks,  SVA offer  the  potential  for  synergistic
integration with long-distance, rapid transit systems [114]. In automobile-centric urban environments,
where private vehicles often utilize LAT infrastructure for portions of their journeys, SVA can serve as
a complementary mode to mass transit for shorter distances  [115]. Considering that Class 3 vehicle
speeds are approximately half those of LAT systems, the effective range of Class 3 vehicles is likely
half that of automobiles using LAT infrastructure. This reduced range presents an opportunity for bus
and rail networks to provide intermediate-range transportation, bridging the gap between small vehicle
and automobile travel. Such integration could enhance the capacity and continued relevance of mass
transit systems [116]. 

SVA Integration with Pedestrian Infrastructure and Building Access

Effective integration of SVA with existing pedestrian infrastructure and building access is crucial for
seamless transitions between roadway and pedestrian modes. Various parking solutions can facilitate
this transition, including valet services provided by existing vendors, automated parking systems [117],
conventional  surface  lots,  and  designated  parking  areas  within  the  SVA  structure  itself  [118].
Specialized options, such as in-building valet services for bicycles and lockers for both standard and
folding bicycles and microcars, can further enhance convenience. Parking locations can be strategically
positioned near primary SVA corridors or along secondary arterials and collector roads.

Beyond parking, convenient pedestrian access to city amenities is essential. Stair and elevator towers
can provide vertical connections between the SVA structure and street level, while bridge connections
can facilitate direct access between buildings and the SVA, accommodating both pedestrians and small
vehicles. Small vehicle ramps integrated with parking structures or lots can enable smooth transitions
into commercial buildings.

Furthermore,  incorporating slow-speed electric or manual transportation corridors within large new
buildings,  such  as  shopping  malls  or  the  lower  levels  of  high-rise  structures,  can  optimize  mode
switching convenience. These corridors can be designed as separate entities or fully integrated into the
building's functionality, particularly in the case of pedestrian corridors. However, implementing such
systems within existing buildings requires detailed feasibility studies to assess their practicality and
impact.

6.9 Social Equity Considerations
Transportation social  equity  is  a  critical  concern in  urban planning,  particularly  for  disadvantaged
groups  who may experience  limitations  due  to  socioeconomic  status,  education  level,  or  physical
disabilities.  Early integration of  equity considerations into the SVA development cycle is  essential
[119].

Several studies have explored how transportation planning can address economic disparities [120].  If
SVA systems adopt similar financing models to existing LAT systems, user would directly pay only
vehicle costs these vehicle purchase and operational costs will be lower [121].

Alignment choices also play a significant role in transportation equity. Routing studies should prioritize
urban mobility for  working-class communities,  drawing on existing methodologies used in bicycle
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route planning to optimize accessibility and avoid potential pitfalls  [122] [123]. Leveraging big data
analysis in conjunction with an understanding of current transportation system shortcomings offers a
valuable opportunity to design SVA alignments that enhance economic equity.

Furthermore, the novelty of SVA infrastructure allows for the integration of cutting-edge automated
transportation technologies,  such as fully autonomous vehicles.  Such features could be particularly
beneficial  for  users  with  physical  limitations,  increasing  their  independence  and  access  to
transportation [124]. Existing services and vehicles designed for disadvantaged riders on LAT systems
can be adapted for SVA, potentially offering a high degree of personalized service.

The potential benefits of SVA for disadvantaged users include increased speed, lower costs, automation
options, and enhanced service, especially for those who must use public transit options. These factors
suggest that SVA implementation may not only avoid exacerbating existing transportation inequities
but could also positively contribute to improved accessibility and mobility for diverse populations.

6.10 Climate and Health Impacts

Cycling offers numerous health benefits, including increased cognitive function [125], physical activity
and exposure to the outdoors, but also carries risks related to route sensitive pollution exposure [126]
and infrastructure precursors for accidents  [127].  While both traditional and electric-assist (pedelec)
bicycles offer positive health outcomes, the enclosed nature of some proposed SVA systems may limit
the benefits associated with outdoor exposure [34] [125]. 

Traffic-related air pollution significantly contributes to poor urban air quality, and proximity to major
roadways has been linked to an increased incidence of ischemic stroke  [128]. Promoting alternative
transportation options, such as public transit, ridesharing, walking, and cycling, is crucial for mitigating
traffic emissions and improving public health . The implementation of SVA could encourage the use of
zero-emission  vehicles  including  active  forms  of  travel,  potentially  contributing  to  positive  health
outcomes [129]. 

However, enclosed SVA systems raise concerns about indoor air quality, similar to those observed in
subway systems [130]. Whether SVA are enclosed or open-air, careful analysis of potential pollutants is
necessary. Given that many European cities have established low-emission zones [131], SVA, designed
exclusively for zero-emission vehicles, could play a vital role in serving these zones and facilitating
access to them.

The design of SVA enclosures will directly impact both indoor and outdoor pollution levels. Open-air
systems  expose  users  to  ambient  pollution,  precipitation,  and  wind,  while  fully  enclosed  systems
require strategically placed air intakes (e.g., on the roof of the SVA or adjacent buildings) to minimize
pollution exposure within the corridor [132].  The implementation of nuanced policies, such as those
adopted in Paris to reduce or eliminate automobiles from the city core, could be complemented by SVA
systems, providing efficient small vehicle transportation to and from car-free zones [133]. 

Cycling safety concerns have increased in the USA [134]. While SVA offer the potential to improve
perceived safety through physical separation of different vehicle classes and modes of travel [135], the
increased use of small vehicles on local streets connecting to SVA could potentially lead to a rise in
accident  rates  or  severity  for  small  children  [136] [137].  This  potential  trade-off  requires  further
investigation. Furthermore, while counter-intuitive, studies suggest that cities with higher bicycle usage
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may have  lower  bicycle-automobile  accident  rates  but  higher  pedestrian  fatality  rates  [138].   The
underlying causes of these complex relationships warrant further research.

6.11 Technological Risk

Wind can significantly affect small vehicle operation, particularly in areas where wind is channeled by
buildings or the SVA structure itself  [139]. In enclosed designs, internal air movement generated by
other vehicles can also influence vehicle operation [140].  Therefore, aerodynamic studies are essential
to quantify these effects under various scenarios. Such studies are not technologically challenging if
conducted properly and recommendations are implemented effectively.

Pedestrian  accessibility,  often  referred  to  as  "walkability,"  can  be  compromised  by  urban  design,
particularly in residential areas where pedestrian movement is often restricted to designated walkways
[141].  In larger urban areas,  street-level pedestrian activity can be exposed to safety concerns and
inconveniences  such  as  long  wait  times  at  crosswalks.  Elevated  SVA,  incorporating  continuously
grade-separated walkways, offer the potential to enhance urban walkability by providing well-lit and
camera-surveilled pedestrian corridors.

Designing  camera  surveillance  systems  for  SVA with  multiple  access  points  presents  a  complex
challenge.  Such  systems  resemble  city-wide  surveillance  networks  rather  than  localized  building
surveillance.  While these large-scale systems are feasible,  security can be enhanced by integrating
various technologies. For example, pedestrian access control points with tap-to-enter technology can
identify individuals prior to entry and potentially serve as payment centers if fees are implemented.

The  primary  technological  risk  in  SVA construction  lies  in  the  design  and  implementation  of
underground foundations, especially in congested urban environments. Underground investigations can
necessitate the relocation of existing infrastructure, potentially leading to non-uniform span lengths for
the elevated structure.

Fire and emergency response protocols for SVA will require specialized consideration due to the unique
dimensions and loading characteristics of these structures. The evolving nature of battery fire risks,
driven by increased scrutiny and ongoing research  [142],  necessitates  the development  of  specific
regulations  and  best  practices.  Battery  safety  is  a  complex  issue  [143],  with  fire  risks  varying
depending on battery chemistry, which is a subject of continuous development and assessment [144].
Comprehensive regulations encompassing vehicle and battery design, fire suppression systems, egress
design, building materials, ventilation, and emergency access will likely be required.

6.12 Integrating Emerging Technologies

The potential of emerging technologies within a novel highway network warrants careful consideration.
Advancements such as fully autonomous driving, automated lane control systems, centralized vehicle
control,  enhanced  security  measures,  wireless  charging  capabilities,  and  wireless  communication
networks [145] [146] [147].

Automating highway infrastructure for freight delivery and automated mass transit is a particularly
promising area of development [148] [149]. Such automation could involve lane control mechanisms
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that physically restrict access to lanes designated for autonomous vehicles. These access controls could
be implemented based on time of day or day of the week, granting autonomous vehicles exclusive use
of specific lanes or even the entire roadway during designated periods. These dedicated zones could be
unidirectional or limited to specific sections of the highway.

For instance, during off-peak hours (e.g., 10:00-11:00, 13:30-14:30, and 21:00-05:00), certain lanes
could be reserved exclusively for autonomous vehicles,  restricting access for human drivers.  Road
users would adapt to the dynamic allocation of lane capacity based on time of day.

When introducing new systems into existing urban environments, fully anticipating the outcomes can
be challenging. However, a proactive approach that analyzes the potential impacts of new technologies
is  generally  preferred  over  a  reactive,  laissez-faire  approach  [150].  While  discussing  the  physical
impacts of SVA and predicting user behavior based on economic needs is relatively straightforward,
actual changes in travel behavior can be complex and sometimes counterintuitive [94].

Framing sustainability considerations in terms of outcomes such as induced demand, risky behavior,
and efficiency improvements can help planners anticipate and manage both desirable and undesirable
effects of new transportation paradigms [151].

Current  literature  lacks  specific  analysis  of  elevated  SVA as  a  distinct  transportation  option.  For
instance, while some studies extensively discuss the rationale for implementing bicycle highways in
urban  areas,  they  often  overlook  the  potential  impacts  of  elevated  designs  [152].  This  omission
highlights a gap in the current transportation discourse, potentially limiting the consideration of all
available possibilities.

Traditional  traffic  planning  tools  rely  on  comparisons  with  real-world  conditions  before  and  after
infrastructure changes [153]. However, given that elevated SVA represent a novel technology without
existing real-world implementations, the accuracy of these analytical tools remains uncertain until such
systems are constructed and the tools are validated against empirical data.

6.13 Awareness of Existing or Proposed SVA Designs

Dedicated elevated bicycle  pathways are  an increasingly prevalent  solution for  addressing specific
urban transportation challenges [154] [155] [156] [157].  Notable examples of such infrastructure exist
in Denmark, Germany, China, the Netherlands, and the USA. Dubai has proposed a large network of air
conditioned walking paths [158]. 

Figure  4  depicts  a  proposed  one-way  SVA design  using  methodologies  discussed  in  this  article,
integrating  established  urban  roadway  methodologies  within  a  three-tiered  elevated  structure.  The
lower two levels accommodate continuous-flow traffic lanes for small vehicles, while the upper level
prioritizes accessibility,  featuring pedestrian walkways,  bicycle lanes,  and designated small  vehicle
parking to facilitate mode shifting. This configuration effectively separates four distinct travel modes:
pedestrians, cyclists, and small vehicles operating on Class 1 and Class 3 roadways, while allowing
intermingling of the modes along the local street. The design also incorporates a roof structure suitable
for parking, recreational spaces, or urban parks  [159]. Access between levels is provided via stairs,
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elevators, and ramps, integrated within dedicated chases. The design accommodates the integration of
crossing highways above, below, or between the SVA levels. The uppermost level functions as a local
street  exclusively  for  small  two,  three,  and  four-wheeled  vehicles.  Designers  can  change  the
composition of each level as desired.

The modular design of the SVA corridors illustrated in Figure 4 allows for full or partial enclosure,
mitigating the impact of atmospheric precipitation and potentially extreme climates. Restricting wind
flow within enclosed corridors further enhances climate control. Seasonal enclosure offers flexibility in
adapting to varying climatic conditions.
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Figure 4 Cutaway view, showing possible one way arrangement of highways mounted 24’ above
street level. 

6 Lemmas Discussed in This Article
One  way  to  understand  the  breadth  of  issues  discussed  in  this  article  is  to  evaluate  the  lemmas
discussed. Below is a table of lemmas in each section. This format resembles a topical outline for the
article.  No lemmas are  included for  the  methodology section as  this  document  is  not  intended to
analyze itself.

Section Lemmas

CLASS 1 
6 LANES

PARKING BICYCLE
LANE

PEDESTRIAN

CLASS 3 
4 LANES

STREETRAMP
ACCESS

EGRESS

STAIRS
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1 Introduction Automobile dominance

Roadway functional classes

Active transportation marginalization

SVA(s) SVA proposal

Infrastructure comparison

Cost-benefit analysis

Safety and accessibility

Scale and feasibility

Trade-offs and mitigation

Cost-Effectiveness of Elevated SVA

Scalability and Urban Integration of SVA

Multimodal Accessibility of SVA

Balancing Benefits and Drawbacks of SVA

Context-Specific Design Considerations for SVA

Relevance of Bicycle Infrastructure Research to SVA Design

Research Gap in Elevated SVA Roadways

Demand for Improved E-bike Infrastructure

Transferability of Findings from At-Grade Small Vehicle Studies

Integrating SVA into Existing Bicycle Networks

Addressing the Needs of Underserved Transportation Modes

Prioritizing Active Transportation within SVA Design

Multimodal Integration and Accessibility in SVA

Balancing the Needs of Diverse User Groups

Health and Livability Benefits of Active Transportation

3 Background Integration Challenges of New Transportation Networks within Existing Urban Environments

Cost-Effectiveness Analysis of Elevated SVA Systems

Impact of Elevated SVA on Traffic Patterns and User Behavior

Demand Forecasting for Novel Transportation Infrastructure

3.1 History  and Evolution  of  the
SVA concept

Origins and Development of the SVA Concept

Adapting Limited Access Thoroughfare Principles for Small Vehicles

Integrating SVA with Pedestrian Infrastructure

The Role of Electric Vehicles in Shaping the SVA Concept
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3.2 Comparison  with  Existing
Transportation Systems

A Comparative Analysis of Roadway Functional Classifications and Their Relevance to SVA

The  Role  of  Limited  Access  Thoroughfares  in  Urban  Transportation  Networks  and  Their
Implications for Small Vehicle Mobility

Historical and Contemporary Examples of Elevated Bicycle and Small Vehicle Infrastructure

Scaling Roadway Design Parameters for Small Vehicles: A Comparative Analysis of Automobile
and Small Vehicle Infrastructure

The Potential of SVA to Enhance Urban Mobility and Reduce Carbon Emissions

Roadway Functional Classifications

Roadway Mileage Distribution

Traffic Distribution

Limited Access Thoroughfares (LAT)

Small Vehicle Road Usage Restrictions

Bicycle Highways

Roadway Design Parameters

Roadway Scale Disparity

Small Vehicle Efficiency and Emissions

SVA

Pedestrian Integration

Small Vehicle Definition

3.3 Types  of  Small  Vehicles  for
SVA

Defining the Scope of "Small Vehicles" in the Context of SVA

Integrating Pedestrians and Human-Powered Transport into SVA Networks

The Evolving Functionality of Small Vehicles and Its Implications for SVA Design

Case Studies of Small Vehicle Types Suitable for SVA 
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3 Background Feasibility of Urban Elevated SVA

Accessibility and Equity Impacts of SVA

Environmental Implications of SVA

Regulatory Challenges for SVA Implementation

Benefits and Challenges of Urban Elevated SVA

Urban Arterials

Small Vehicle Limited Access Thoroughfares

Feeder Roads

Signalized Streets

Urban Highways

Urban Limited Access Thoroughfares (LAT)

Small Vehicle Prioritization

Integrating New Transportation Networks with Existing Infrastructure

Cost-Effectiveness of SVA Implementation

Impact of SVA on User Behavior and Traffic Patterns

Assessing Demand for SVA Infrastructure

Public Perception and Acceptance of SVA

3.1 History  and Evolution  of  the
SVA concept

Urban Transportation Integration

Limited Access Thoroughfares (LAT)

Small Vehicle LAT(s) (SVLAT)

Micromobility

Egress and Pedestrian Access

Elevated Urban Malls

Bicycle Highways within Malls

Feasibility and Implications

Transportation System Comparison

Multi-Modal Transportation

3.2 Comparison  with  Existing
Transportation Systems

A Comparative Analysis of Roadway Functional Classifications and Their Relevance to SVA

The Role of LAT in Urban Transportation Networks and Their Implications for SVA

Historical and Contemporary Examples of Elevated Bicycle and Small Vehicle Infrastructure

Scaling Roadway Design Parameters for Small Vehicles: A Comparative Analysis of Automobile
and Small Vehicle Infrastructure

The Potential of SVA to Enhance Urban Mobility and Reduce Carbon Emissions
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3.3 Types  of  Small  Vehicles  for
SVA

Defining the Scope of "Small Vehicles" in the Context of SVA

Integrating Pedestrians and Human-Powered Transport into SVA Networks

The Evolving Functionality of Small Vehicles and Its Implications for SVA Design

Case Studies of Small Vehicle Types Suitable for SVA

4 Benefits of SVA The Impact of Elevated SVA on Urban Traffic Congestion

The Effects of SVA on Urban Mobility and Accessibility

The Economic Benefits of SVA: A Cost-Benefit Analysis

The Land Use Implications of SVA: Minimizing Surface Impacts

A Critical Evaluation of the Potential Benefits and Challenges of SVA Implementation

4.1 Increased  Transportation
Capacity

Consistent driver experience in terms of vehicle controls and perceived highway design results in
similar driver reaction times.

Fundamental  model  with  uniform  time  gaps  between  vehicles,  dictated  by  consistent  driver
reaction times, determine lane capacity.

Adherence to the "two-second rule" makes lane capacity largely independent of vehicle speed.

4.2 Reduced Traffic Congestion The Potential of Elevated SVA for Congestion Relief

A Comparative Analysis of Traditional and Innovative Congestion Mitigation Strategies

The Impact of Electric Automobiles on Urban Traffic Congestion

Optimizing the Location of SVA for Maximum Congestion Relief

The Role of Land Use in Urban Traffic Congestion and Mitigation Strategies

4.3 Improved Urban Mobility The Potential of SVA Systems to Improve Urban Mobility and Accessibility

A Comparative Analysis of Congestion Pricing and SVA Systems

The Economics of Scale in the Production of Small Vehicles

The Impact of Vehicle Size on Transportation Costs and Emissions

The Role of SVA Systems in Promoting Sustainable Transportation

4.4 Reduced parking costs The Economic Benefits of Reduced Parking Costs for Small Vehicles

The Impact of Parking Costs on Mode Choice and Transportation Policy

The Relationship Between Vehicle Size and Parking Requirements

Innovative Parking Solutions for Small Vehicles in Urban Environments

The Role of Parking Costs in the Economic Justification for SVA 
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4.5 Reduced vehicle costs Cost Savings

Economies of Scale

Societal Costs

Vehicle Purchase Price

Dedicated Infrastructure

Material and Manufacturing Cost Savings in SVA Vehicles

Reduced Battery Requirements and Associated Cost Savings in SVA Electric Vehicles

Lower Overall Ownership Costs for SVA Vehicles

Comparison of Kei Car Costs in Japan as an Analogy for SVA Vehicle Costs

4.6 Reduced land use Land Use Efficiency of Elevated SVA

Minimizing Disruption to Existing Urban Functions

Cost Mitigation through Optimized SVA Alignment

Repurposing Urban Land Following SVA Implementation

Integrating SVA Supports with Existing Infrastructure

4.7 Auxiliary Uses for Structure SVA Multi-Functionality

Urban Utility Integration

Auxiliary Uses

Cost-Effectiveness of Adaptability

Utility Maintenance and Repair

Resilience to Environmental Hazards

Alternative Utility Routing

4.8 Improved Accessiblity Accessibility Benefits of Active Transportation

Integrating Accessibility into SVA Design

Economic Benefits of Prioritizing Active and Public Transportation

Operational  Similarities  and  Differences  between  SVA,  Public  Transit,  and  Automobile
Infrastructure

Potential Deficiencies of SVA and Mitigation Strategies

4.9 Increased  Average  Modal
Speed

The Impact of Modal Shifts and Urban Environment on Average Trip Speed

Challenges  in  Modeling  Passenger  Behavior  and  Trip  Generation  for  Novel  Transportation
Systems

Evaluating the Potential of Elevated SVA Arterials to Improve Urban Mobility

The Influence of Traffic Impediments on Average Modal Speed in Urban Environments

Comparing Average Modal Speeds for Different Modes of Transportation in Urban Areas
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5 Costs for SVA Infrastructure Land Acquisition Costs for SVA

Construction Costs for SVA

Comparison of Cost Precursors for Traditional Urban Arterials and SVA

Challenges in Estimating SVA Infrastructure Costs

5.1 Land Acquisition Costs Minimizing Land Acquisition Costs in SVA Implementation

Economic Benefits of Integrating Small Electric Vehicles into Urban Transportation Networks

The "Arms Race" in Automobile Size and Its Impact on Transportation Costs and Emissions

Congestion Pricing and SVA Systems: A Comparative Analysis of Their Effects on Urban Mobility

The Societal Costs of Traditional Automobiles vs. Small Electric Vehicles

5.2 SVA  vs.  Automobile  Arterial
Costs 

Cost Optimization Strategies for Elevated SVA Construction

Structural Design Considerations for Elevated SVA

Integration of Building Codes and Bridge Design Standards for SVA Structures

Impact of Microcar Adoption on the Feasibility and Design of SVA Systems

Underground Utility Interference Mitigation in SVA Routing and Design

5.3 SVA Spacing Optimization of SVA Arterial Spacing for Cost-Effectiveness and Coverage

The Role of SVA in Addressing Last-Mile Challenges in Urban Transportation

Impact of SVA Alignment Flexibility on System Costs and Accessibility

Comparison of SVA Spacing Requirements with Other Urban Transportation Infrastructure

Influence of Commuting Patterns on SVA System Design and Planning

6 Challenges  for  SVA
Implementation

Public Acceptance of SVA

Funding Mechanisms for SVA Development

Addressing Transportation Needs in Underserved Communities

Balancing the Benefits and Challenges of SVA

Overcoming Barriers to SVA Adoption

6.1 Economic  Justification  and
Potential Applications of Elevated SVA
Networks

Cost-Benefit Analysis of Elevated SVA Systems Compared to Traditional Highway Infrastructure

The Role of Elevated SVA in Enhancing Urban Mobility and Accessibility

SVA as a Climate-Resilient Transportation Solution for Coastal Cities

Impact of SVA on Traffic Congestion and Travel Times

Environmental Impacts of SVA Construction and Operation

Public Acceptance and Perceptions of SVA

Regulatory and Policy Considerations for SVA Implementation

Comparison of SVA with Other Urban Transportation Solutions
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6.2 Integrating  SVA  within
Existing  Urban  Infrastructure:  A
Feasibility Study

Spatial Requirements for SVA Integration in Urban Environments Design Considerations for SVA
Intersections and Vertical Alignment

Case Study: Feasibility Analysis of SVA Integration in a Dense Urban Setting

6.3 Vehicle  Design  and
Regulatory Considerations for SVA

Vehicle Fleet Composition and Operational Models for SVA

Safety Regulations and Standards for SVA Vehicles

The Impact of SVA on Vehicle Design Innovation

6.4 Technical Challenges in SVA
Infrastructure Development

Human Factors Considerations in SVA Design

Operational Advantages and Opportunities of SVA Infrastructure

Integration of SVA Networks into Existing Urban Environments

The Need for Standardized Signage on SVA

Comparing Signage Requirements for Automobiles and Small Vehicles on Highways

Adapting Existing Traffic Control Devices for SVA

6.5 Potential  Detrimental  Effects
of  Elevated  SVA  and  Mitigation
Strategies

Visual Impact of Elevated SVA Networks on Urban Landscapes

Mitigation Strategies for Environmental Impacts of SVA

Social Implications of SVA systems and Strategies for Promoting Social Interaction

6.6 Regulatory  Frameworks  and
Design  Considerations  for  SVA
Networks

Regulatory Adaptation for SVA networks

Impact of SVA speed on Range and User Adoption

Optimizing SVA Design for Electric Bicycle Integration

Safety and Operational Considerations for Mixed Vehicle Usage on SVA

6.7 User Preference Influence of User Preferences on Transportation System Design

Utilizing Virtual Environments for User Preference Testing

Impact of SVA on Vehicle Design and User Perceptions

Level of Traffic Stress and its Implications for SVA Design

Cultural Factors Influencing Route Preference

The Role of Transportation Amenities in Urban Attractiveness

6.8 Integration  with  Existing
Transportation Networks

Dual-Mode Vehicle Design for SVA Integration

Safety Considerations for Dual-Mode Vehicles on SVA

Impact of Dual-Mode Vehicles on SVA Capacity and Efficiency

SVA-Mass Transit Integration

Range Limitations of Small Vehicles

Mass Transit as a Bridge for SVA Range Gaps

SVA-Pedestrian Interface Design

Parking Solutions for SVA

Building Integration with SVA

Feasibility of Retrofitting Existing Buildings for SVA Access
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6.9 Social Equity Considerations Transportation Equity and SVA

SVA Alignment and Accessibility

Automation and Accessibility in SVA

Cost-Effectiveness of SVA for Disadvantaged Riders

Adapting Existing Services for SVA

6.10 Climate and Health Impacts SVA and Air Quality

SVA and Cycling Safety

SVA and Pedestrian Safety

Enclosed vs. Open-Air SVA

SVA Integration with Low-Emission Zones

Health Benefits of Cycling in the Context of SVA

Accident Severity in Small Vehicles

6.11 Technological Risk Aerodynamic Considerations for SVA Design

Enhancing Urban Walkability through Elevated SVA

Security and Access Control Systems for SVA

Technological and Logistical Challenges in SVA Construction

Fire and Emergency Response Strategies for SVA

Predicting the Impacts of SVA on Urban Environments

Analyzing User Behavior and Travel Patterns on SVA

Sustainability Assessment of Elevated SVA

Methodological Challenges in Evaluating Novel Transportation Systems

6.12 Integrating  Emerging
Technologies

Evaluating the Effectiveness of Traffic Planning Tools for Novel Transportation Systems

The Need for Empirical Validation of Traffic Models for Elevated SVA

Predictive Capabilities of Traffic Planning Tools in the Absence of Real-World Data

6.13 Awareness  of  Existing  or
Proposed SVA Designs

Elevated Bicycle Pathways

Urban Transportation Challenges

Infrastructure Solutions

International Examples

Multi-Modal Integration in SVA Design

Climate Control in Elevated SVA Corridors

Accessibility and Mode Shifting in SVA

Integrating SVA Structures with Existing Urban Environments

Optimizing SVA Design for Traffic Flow and Safety
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