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Executive Summary  

Summary of Key Findings 
This review involves selecting relevant studies, news articles, and reports, and synthesizing their key 
themes and findings to summarize the feasibility of high-speed bus travel (100–140 mph) on U.S. 
freeways. This review has highlighted several critical considerations. Current freeway infrastructure 
typically supports design speeds up to 85 mph due to limitations such as sight distances and curve 
stability. Beyond these speeds, buses face significant safety, stability, and mechanical challenges. 
Achieving safe, high-speed operation requires dedicated infrastructure, substantial vehicle redesign, 
and advanced safety and communication technologies. 

Dedicated exclusive lanes, optimized for high-speed buses, mitigate risks associated with mixed 
traffic and improve safety significantly. Technologies such as vehicle-to-everything (V2X) 
communication provide advanced hazard warnings, crucial for high-speed operation, while 
automated driving systems enhance precision, reliability, and reaction times, significantly reducing 
human error. Advanced vehicle engineering solutions, including aerodynamic optimization, multi-
redundant braking systems, active suspension, structural lightweighting, and specialized materials, 
are essential for safely achieving these speeds. 

International examples, such as Australia's Adelaide O-Bahn and the Netherlands' Superbus 
prototype, offer valuable insights, though practical operational speeds are often kept conservative 
(below theoretical maximums) due to safety and operational reliability concerns. 

Despite significant engineering hurdles, it is conceptually feasible to operate buses safely at high 
speeds under controlled conditions. However, real-world implementation requires incremental 
approaches, substantial investments in infrastructure, technology, and rigorous validation through 
field tests. While targeting speeds in the 100–140 mph range remains ideal for maximizing travel 
time reductions and demonstrating technological ambition, if this proves infeasible due to cost, 
infrastructure, or safety limitations, a more moderate target of 80–100 mph can serve as a practical 
and impactful alternative, still offering significant improvements over current standards. further 
investigation is needed to identify the specific bus and freeway design modifications required to 
support operations starting around 80 mph, as well as the associated cost implications of each option 
at different speed thresholds. 

Research Needs for Caltrans 
To advance towards safe, high-speed bus operations, Caltrans needs focused research in the 
following key areas: 

Vehicle Dynamics and Design Innovations 
• Aerodynamic enhancements, robust braking systems, active suspension and stability control, 

lightweight and durable structural materials, and high-speed rated tires and materials (high 
speed increases stress on windows and other vehicle parts). 

• Advanced automated driving and vehicle control systems tailored specifically for high-speed 
bus operations including automation systems capable of high-speed precision and robust V2X 
communication protocols to enhance hazard awareness and response. 
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Infrastructure and Operational Safety 
• Development of dedicated high-speed lanes, emphasizing safe geometric designs, smooth 

curvature, optimal superelevation, and extensive clear zone provisions. To manage costs 
effectively, it is necessary to utilize existing lanes wherever possible. 

• Empirical validation of theoretical designs through pilot testing under realistic conditions. 

Human Factors 
• Investigating driver and passenger behavior, reaction times, comfort, fatigue, and effective 

human-machine interfaces for high-speed environments. 

Economic Feasibility 
• Detailed lifecycle cost analyses, comparative cost-benefit evaluations against alternative 

transport modes, and scenario planning to guide resource allocation and justify investments. 

Safety Protocols 
• Comprehensive safety and incident management protocols tailored for high-speed 

emergencies, with simulations and practical tests. 

Environmental and Regulatory Considerations 
• Impact assessments for noise, emissions, and energy consumption. 

• Development of updated regulatory frameworks to support high-speed bus operations. 

• Cybersecurity research focused on the vulnerabilities of automated, connected vehicle 
systems. 

Next Steps for Caltrans 
To move towards implementation, Caltrans can undertake the following steps: 

• Collaborative Partnerships: Form multidisciplinary consortia with stakeholders including 
federal and state agencies, academia, automotive manufacturers, and technology developers 
to leverage pooled resources and expertise. 

• Pilot Projects: Establish demonstration projects in collaboration with public agencies, private 
sector partners, and academia, using dedicated testing lanes. 

• Dedicated Testing Facilities: Develop or utilize existing proving grounds to rigorously test 
high-speed bus technologies in controlled environments. 

• Policy and Regulatory Development: Collaborate closely with regulatory bodies to develop 
appropriate standards and operational guidelines for high-speed bus systems. 

• Capacity Building: Create targeted training programs for operators, engineers, and 
emergency responders to ensure readiness for high-speed bus operations. 

• Public Engagement: Implement strategic outreach initiatives, including public 
demonstrations, to build awareness and acceptance, alongside the establishment of 
knowledge-sharing platforms to disseminate findings and best practices widely. 

• Continuous Performance Monitoring: Establish robust, real-time data analytics frameworks 
to monitor and evaluate ongoing performance, informing continuous improvement. 
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Detailed Findings  
Highway buses typically operate at modest speeds (often 55–75 mph) due to legal limits and safety 
constraints. However, interest is growing in whether buses could safely travel at much higher speeds –
100–140 mph – given technological advances and dedicated infrastructure. This review synthesizes 
information on vehicle dynamics, roadway design, and safety to assess the maximum feasible safe speed 
for buses, and explores strategies (e.g. exclusive lanes, V2X connectivity, automation, and vehicle design 
innovations) that might overcome current limitations. 

Design Speed Constraints on U.S. Freeways 
U.S. freeways are generally engineered for design speeds up to about 75– 85 mph1 2. Above 85 mph, 
it becomes challenging to provide the necessary decision and stopping sight distance on typical crest 
curves and horizontal bends – meaning a driver may not see hazards (stalled vehicles, debris, etc.) 
in time to stop or avoidance maneuver1 3 4. High speeds also exacerbate vehicle stability limits on curves. 
Roads are superelevated for a certain design speed; exceeding that by even a small margin can 
be dangerous for heavy vehicles5 6. Thus, a curve safe for a car at 100 mph might not be safely 
negotiable by a bus at the same speed without risking rollover or passenger discomfort. 

A report titled "Criteria for High Design Speed Facilities7" was developed by the Texas Transportation 
Institute for the Texas Department of Transportation (TxDOT) and the Federal Highway 
Administration (FHWA). Its primary purpose was to establish preliminary design criteria for highways 
with design speeds ranging from 85 mph to 100 mph (140 to 160 km/h), a speed range not covered 
by existing state or national roadway design guidelines at the time. TxDOT initiated this effort as part 
of its long-term plan to expand the state’s transportation network, including the Trans-Texas Corridor 
and other high-speed facilities, aiming to facilitate faster and more efficient travel across Texas. 

The research approach combined a comprehensive literature review of national and international 
roadway design standards, historical policies, and research studies. Due to the lack of data for very 
high-speed roadways, the research team used extrapolations of existing design equations, 
engineering judgment, and consultation with a specially assembled Roundtable Discussion Group. 
This group included practicing engineers from TxDOT, FHWA, and members of the research team. In 
addition, international experts from countries such as Spain, Germany, Italy, the UK, Australia, and 
Greece provided valuable perspectives on high-speed roadway design from their respective 
countries. 

The report covered a wide range of design topics and identified preliminary values for each. 
Geometric design criteria included stopping sight distance, grades, vertical curves, lane width, 
shoulder width, pavement cross slope, and horizontal alignment with superelevation. Specific ramp 
design elements were addressed as well, such as ramp design speeds, ramp grades and profiles, ramp 
cross sections and cross slopes, spacing between ramps, ramp lane and shoulder widths, and the 
lengths required for acceleration and deceleration lanes. For roadside safety, the report provided 
recommendations on clear zone widths, median widths, roadside slopes and ditches, crash testing 
procedures, and the performance of roadside safety devices like guardrails, median barriers, bridge 
rails, crash cushions, and end treatments. 

 
1 https://kankakeerecycling.com/wp-content/uploads/2023/04/THE_GREEN_BOOK_A_Policy_on_Geometric_Des.pdf  
2 https://dot.ca.gov/-/media/dot-media/programs/design/documents/chp0100-dec-2020-changes-a11y.pdf  
3 https://www.mass.gov/info-details/pddg-chapter-4-horizontal-and-vertical-alignment  
4 https://etrr.springeropen.com/articles/10.1007/s12544-016-0208-6  
5 https://bjrbe-journals.rtu.lv/bjrbe/article/view/bjrbe.2024-19.627/655  
6 https://link.springer.com/chapter/10.1007/978-981-99-2556-8_10  
7 https://static.tti.tamu.edu/tti.tamu.edu/documents/0-5544-1.pdf  

https://static.tti.tamu.edu/tti.tamu.edu/documents/0-5544-1.pdf
https://kankakeerecycling.com/wp-content/uploads/2023/04/THE_GREEN_BOOK_A_Policy_on_Geometric_Des.pdf
https://dot.ca.gov/-/media/dot-media/programs/design/documents/chp0100-dec-2020-changes-a11y.pdf
https://www.mass.gov/info-details/pddg-chapter-4-horizontal-and-vertical-alignment
https://etrr.springeropen.com/articles/10.1007/s12544-016-0208-6
https://bjrbe-journals.rtu.lv/bjrbe/article/view/bjrbe.2024-19.627/655
https://link.springer.com/chapter/10.1007/978-981-99-2556-8_10
https://static.tti.tamu.edu/tti.tamu.edu/documents/0-5544-1.pdf
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Throughout the report, the authors highlighted knowledge gaps and areas where further research is 
needed, especially concerning driver behavior at high speeds, vehicle performance, roadside safety 
device effectiveness, and pavement friction characteristics at higher operating speeds. The findings 
from this project were used by TxDOT to create new design standards in the TxDOT Roadway Design 
Manual8, specifically for Mobility Corridor Design Criteria. This report represents one of the first 
systematic efforts in the U.S. to provide design guidance for freeway speeds beyond 80 mph. 

Chapter 9 of the TxDOT Roadway Design Manual focuses on the design of Mobility Corridor Facilities, 
which are intended to serve as high-speed, limited-access corridors supporting multiple transportation 
modes. These corridors are designed with long-term capacity, safety, and operational efficiency in mind, 
with design speeds ranging from 85 mph to 100 mph. Access is strictly controlled through interchanges, 
with no at-grade intersections or direct driveways allowed. For new alignments, designers are encouraged 
to initially design for 100 mph to preserve future flexibility, even if the current posted speed is lower. 
However, over-design should be avoided where it could cause significant environmental, economic, or 
social impacts.  

The chapter outlines several critical cross-sectional elements for mobility corridors. Lane widths must be 
at least 12 feet, with the number of lanes determined by projected traffic demand. Both inside and outside 
shoulders must also be a minimum of 12 feet wide and fully surfaced to enhance safety and accommodate 
stopped vehicles. The recommended pavement cross slope is 2 percent to ensure effective drainage, with 
adjustments allowed for multilane configurations. Vertical clearance requirements align with those 
specified in Section 4.8.6 of the manual. Stopping sight distance is calculated based on the high operating 
speeds, requiring distances such as 1,010 feet for 85 mph and 1,330 feet for 100 mph design speeds. The 
maximum longitudinal grades range from 3 percent for level terrain to 4 percent for rolling terrain. 
Horizontal alignment design must carefully balance vehicle speed and lateral friction demands, and 
superelevation rates are determined by curve radius and context, with tables provided for both 6 percent 
and 8 percent maximum superelevation conditions. Superelevation transitions must ensure smooth 
vehicle handling without sudden changes in lateral forces. Vertical curve design must address both driver 
comfort and sight distance, especially given the higher design speeds. 

Roadside design criteria are also a key focus. Clear zones must be sufficiently wide to accommodate 
vehicle recovery at high speeds, with minimum widths of 80 feet for 85 mph and 100 feet for 100 mph 
corridors. Preferred side slopes are flat to improve safety, although steeper slopes may be used where 
necessary, especially in difficult terrain. Median design is guided by the requirement to match clear zone 
needs, with safety barriers required if the median is narrower than the required clear zone. 

The chapter also provides detailed design standards for ramps and direct connectors within these mobility 
corridors. Ramp design speeds must maintain a reasonable relationship with mainline speeds, with 
specific allowable differences defined. Lane and shoulder widths on ramps must be at least 12 feet, though 
wider lanes are recommended in corridors with high truck volumes. Acceleration and deceleration lanes 
must be adequately long to support safe merging and diverging movements at high speeds. Additionally, 
minimum spacing distances between successive ramps are specified to prevent operational conflicts. 
Ramp grades should generally be limited to 4 percent for higher-speed ramps, with allowances up to 6 
percent for low-speed ramps. Cross-sectional and cross-slope designs on ramps must ensure proper 
drainage and ride quality. Overall, Chapter 9 provides comprehensive guidance for designing safe, 
efficient, and future-ready mobility corridors capable of supporting high-speed travel and multiple 
transportation functions. 

 
8 https://onlinemanuals.txdot.gov/TxDOTOnlineManuals/txdotmanuals/rdw/rdw.pdf  

https://onlinemanuals.txdot.gov/TxDOTOnlineManuals/txdotmanuals/rdw/rdw.pdf
https://onlinemanuals.txdot.gov/TxDOTOnlineManuals/txdotmanuals/rdw/rdw.pdf
https://onlinemanuals.txdot.gov/TxDOTOnlineManuals/txdotmanuals/rdw/rdw.pdf
https://onlinemanuals.txdot.gov/TxDOTOnlineManuals/txdotmanuals/rdw/rdw.pdf
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Vehicle Dynamics and Bus Design Considerations 
Pushing a bus to 100+ mph raises significant engineering challenges in vehicle dynamics and component 
design: 

• Power and Aerodynamics: The power required to overcome aerodynamic drag increases with 
the cube of speed. Most transit or coach buses are geared for economy around 60–70 mph; 
reaching 120+ mph would require substantially more power or very sleek aerodynamics. 
Aerodynamic Optimization of the Body of a Bus9 study aimed to improve bus aerodynamics 
using simulations and wind tunnel tests on three models: the original design, a version with 
two spoilers, and one with a front deflector. The analysis focused on drag, lift, turbulence, 
and required power. Results showed that the front deflector significantly improved airflow 
and stability, despite slightly higher drag and power needs. Wind tunnel tests closely matched 
simulation results, confirming the accuracy of both methods. Overall, the front deflector 
design was recommended for better aerodynamic performance and compliance with 
standards. 

A study titled "A Streamlined Design of a High-Speed Coach for Fuel Savings and Reduction of 
Carbon Dioxide10" investigates aerodynamic improvements for high-speed coaches to reduce fuel 
consumption and CO₂ emissions. Using simulations, the research tested five bus models with 
various front-end streamlining and rear spoiler designs. The best-performing design, Model-3, 
featured a streamlined front with no rear spoiler, achieving a 27.4% reduction in drag, 17.3 kW 
engine power savings, and annual reductions of 14,610 liters of fuel and 41.2 tons of CO₂ at 120 
km/h. While rear spoilers helped, front-end streamlining had the most significant impact. 
Modification in Commercial Bus Model to Overcome Aerodynamic Drag Effect11 by Using CFD 
Analysis study concludes that aerodynamic design is essential for improving fuel economy and 
environmental performance in long-distance buses. This study focuses on reducing aerodynamic 
drag in the Volvo B11R coach bus to improve fuel efficiency at high speeds (80–120 km/h). 
Researchers made design modifications while complying with the bus body standards. Key 
changes included a more curved front face, wavy side walls, rear air vents, a smoother underbody, 
and an inclined roof surface. The results showed that these improvements enhance aerodynamic 
performance without compromising structural integrity. Drag Reduction of a Commercial Bus with 
Add-on Aerodynamic Device12 study also investigated ways to reduce aerodynamic drag and fuel 
consumption in a commercial intercity bus using add-on devices like vortex generators (VGs), 
lateral devices (LDs), and roof-mounted rails. Wind tunnel tests and simulations showed that the 
lateral devices were the most effective single solution, reducing drag by 4.72%, while the 
combination of rear VGs and LDs (C7 case) achieved the highest reduction at 8.63%. A simplified 
fuel analysis estimated a 3.92% annual fuel savings for the best configuration. The study concludes 
that passive aerodynamic devices can significantly improve bus efficiency, with further 
optimization recommended. 

A bus’s bluff body creates enormous drag and instability at high speeds. Crosswinds become 
a greater concern13 14 – a large side profile could make a bus at 120 mph vulnerable to gusts 
or passing turbulence, potentially causing lane deviation. Vehicle Aerodynamic Stability 
Analysis under High Crosswinds15 study identified critical wind speeds for three primary 

 
9 https://iopscience.iop.org/article/10.1088/1757-899X/872/1/012002/pdf  
10 https://www.jstage.jst.go.jp/article/jsaeijae/2/4/2_20114633/_pdf  
11 https://www.sciencedirect.com/science/article/pii/S259012301930091X  
12 https://www.researchgate.net/publication/360527615_Drag_reduction_of_a_commercial_bus_with_add-on_aerodynamic_devices  
13 https://journals.sagepub.com/doi/10.1260/0957-4565.42.11.44  
14 https://www.tandfonline.com/doi/pdf/10.1080/00423111003739814  
15 https://www.sv-jme.eu/?ns_articles_pdf=/ns_articles/files/ojs/4095/public/4095-22302-1-PB.pdf&id=3342  

https://iopscience.iop.org/article/10.1088/1757-899X/872/1/012002/pdf
https://www.jstage.jst.go.jp/article/jsaeijae/2/4/2_20114633/_pdf
https://www.jstage.jst.go.jp/article/jsaeijae/2/4/2_20114633/_pdf
https://www.sciencedirect.com/science/article/pii/S259012301930091X
https://www.researchgate.net/publication/360527615_Drag_reduction_of_a_commercial_bus_with_add-on_aerodynamic_devices
https://www.researchgate.net/publication/360527615_Drag_reduction_of_a_commercial_bus_with_add-on_aerodynamic_devices
https://www.sv-jme.eu/?ns_articles_pdf=/ns_articles/files/ojs/4095/public/4095-22302-1-PB.pdf&id=3342
https://www.sv-jme.eu/?ns_articles_pdf=/ns_articles/files/ojs/4095/public/4095-22302-1-PB.pdf&id=3342
https://iopscience.iop.org/article/10.1088/1757-899X/872/1/012002/pdf
https://www.jstage.jst.go.jp/article/jsaeijae/2/4/2_20114633/_pdf
https://www.sciencedirect.com/science/article/pii/S259012301930091X
https://www.researchgate.net/publication/360527615_Drag_reduction_of_a_commercial_bus_with_add-on_aerodynamic_devices
https://journals.sagepub.com/doi/10.1260/0957-4565.42.11.44
https://www.tandfonline.com/doi/pdf/10.1080/00423111003739814
https://www.sv-jme.eu/?ns_articles_pdf=/ns_articles/files/ojs/4095/public/4095-22302-1-PB.pdf&id=3342
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vehicle stability risks under crosswind conditions: rollover, axle-based rotation, and side-slip. 
For rollover risk, the analysis calculated the wind speeds at which either the front or rear 
wheels would lift off the ground, as well as the speed at which both axles would lose contact 
simultaneously. Results showed that perpendicular crosswinds (around 90° yaw angle) 
created the highest rollover risk. For axle-based rotation, the study evaluated the critical wind 
speeds at which lateral aerodynamic forces would exceed the frictional grip on the front or 
rear axle, causing axle slippage. The findings indicated that rear axle slip typically occurred at 
lower wind speeds than front axle slip, and again, crosswinds at 90° were the most critical. 
For side-slip, the analysis determined the wind speed at which the total lateral force 
exceeded the vehicle’s overall tire-road friction, leading to sideways sliding. In all three cases, 
the study produced critical wind speed versus vehicle speed curves based on different 
aerodynamic fit models. The results consistently highlighted that combined high wind speeds 
and moderate to high vehicle speeds increased the risk of instability, with the most 
dangerous conditions occurring in strong perpendicular crosswinds.  

The dissertation "Crosswind Performance of Buses16" examines how buses respond to 
crosswind gusts and identifies ways to improve their stability and safety. Using simulations, 
wind tunnel data, on-road tests, and driving simulator experiments, the study found that key 
factors affecting crosswind sensitivity include the bus’s center of gravity, total mass, body 
shape, and steering system responsiveness. Rounded edges and improved steering feel help 
reduce lateral deviation during gusts. Driver reaction speed also plays a role, but design 
modifications are essential. The research recommends optimizing vehicle design and steering 
characteristics to improve crosswind stability and suggests future exploration of active 
control systems for further safety improvements. Improving the aerodynamic shape 
(streamlining the front, adding spoilers or fins for stability) may be needed to maintain 
stability at 100+ mph. An extreme example is the Dutch “Superbus” project, a 15-m electric 
bus designed like a low sports car to reduce drag and remain stable at 155 mph17 18. 

• Tires and Braking: Standard bus and truck tires are not rated for ultra-high speeds. A Notice of 
Proposed Rulemaking (NPRM) from the U.S. Department of Transportation, proposing updates to 
Federal Motor Vehicle Safety Standard (FMVSS) No. 11919 reports test results related to truck and 
bus tire performance at different speeds. The test results showed that truck tires generally 
performed well at speeds up to 88 mph, especially when properly inflated. However, failure rates 
increased significantly at speeds above 90 mph, particularly under reduced inflation or higher 
loads. Common failures included tread and belt separations. In endurance tests, raising the speed 
from 35 mph to 75 mph led to more tire failures. These findings support the need for updated 
speed-related testing and labeling requirements to reflect modern high-speed truck operations. 
Running at 120 mph for long periods would generate tremendous heat and stress in tires, 
risking blowouts. Specialized high-speed tires (with higher speed ratings and proper load 
index) would be required.  

Likewise, braking systems would need upgrades: high-speed stops demand much robust brakes. 
The Superbus prototype, for instance, was designed to brake from 250 km/h (155 mph) to 
zero in under 200 m by using advanced braking system16 17. Such “formidable braking 
power” was paired with radar equipment and a fast-responding electronic guidance 
system. In a real-world high-speed bus, expect multi-redundant brake systems and 

 
16 https://www.diva-portal.org/smash/get/diva2:216431/FULLTEXT01.pdf  
17 https://web.archive.org/web/20190305102533/http://superbus.biz/concept  
18 https://www.carbodydesign.com/archive/2006/10/18-superbus-project/  
19 https://www.govinfo.gov/content/pkg/FR-2010-09-29/pdf/2010-24347.pdf  

https://www.diva-portal.org/smash/get/diva2:216431/FULLTEXT01.pdf
https://web.archive.org/web/20190305102533/http:/superbus.biz/concept
https://www.govinfo.gov/content/pkg/FR-2010-09-29/pdf/2010-24347.pdf
https://www.govinfo.gov/content/pkg/FR-2010-09-29/pdf/2010-24347.pdf
https://www.govinfo.gov/content/pkg/FR-2010-09-29/pdf/2010-24347.pdf
https://www.diva-portal.org/smash/get/diva2:216431/FULLTEXT01.pdf
https://web.archive.org/web/20190305102533/http:/superbus.biz/concept
https://www.carbodydesign.com/archive/2006/10/18-superbus-project/
https://www.govinfo.gov/content/pkg/FR-2010-09-29/pdf/2010-24347.pdf
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maybe aerodynamic air brakes20 or parachutes in emergencies (borrowing from racing 
tech)21. For example, "Design, Modeling, and Simulation of Dual-Source Redundant 
Braking System22" proposes a novel vehicle braking architecture designed to meet the 
high reliability and redundancy demands of modern intelligent and autonomous vehicles. 
This study does not directly focus on high-speed buses but presents a dual-source redundant 
braking system (DSRB) designed for high-reliability applications in electric and intelligent vehicles. 
While it targets general automotive systems, its emphasis on fault tolerance, rapid pressure 
regulation, and system redundancy is highly relevant to high-speed bus operations, where braking 
performance and safety are critical. The DSRB’s ability to maintain effective braking even under 
partial or complete component failure could be particularly beneficial for high-speed buses 
operating on freeways or in autonomous driving contexts. Thus, while not bus-specific, the 
technology has clear applicability to high-speed bus systems. 

• Suspension and Stability: At 100+ mph, even slight bumps or swerves can destabilize a tall vehicle. 
Buses would need tuned suspension – likely electronically controlled air suspension – to 
maintain stability and ride comfort. Rollover thresholds can be raised via lower center of gravity 
and wider track width. A study on the vibration of a bus with air suspension system moving on 
random road surface profiles with different speeds23 analyzes the vibration performance of a Hyundai 
Universe bus using air and mechanical suspension systems on randomly profiled roads. Results show 
that air suspension improves ride comfort, reducing vibration acceleration by 26.6% compared to 
mechanical suspension. It also slightly reduces wheel load, enhancing road friendliness. Safe 
maximum speeds vary by road class—from 65 km/h on rough roads (class E) to 105 km/h on 
smoother roads (class B). The air suspension system meets safety and comfort standards, making it a 
better choice for high-speed bus travel on varying road conditions. A paper titled "Improvement of 
both handling stability and ride comfort of a vehicle via coupled hydraulically interconnected 
suspension and electronic controlled air spring24" proposes a combined Hydraulically Interconnected 
Suspension (HIS) and Electronically Controlled Air Spring (ECAS) system to improve both handling 
stability and ride comfort in buses. Traditional systems struggle to balance these two goals, but the HIS 
+ ECAS setup allows dynamic control of suspension stiffness and height. Simulations and real-world 
tests show that the system reduces roll angles, enhances rollover resistance, and improves tire grip 
during maneuvers, while maintaining or slightly improving ride comfort. Adjusting damping 
coefficients, rather than just ride height, further optimizes comfort. The results confirm this integrated 
system as a promising solution for improving bus safety and ride quality. 

An innovative idea is active suspension that can bank or tilt the bus into curves, much like a 
motorcycle or tilting train. By leaning into a turn, the lateral force on passengers is reduced 
and the effective cornering gravity is aligned more vertically through the bus, mitigating 
rollover risk. Luxury car makers have already implemented mild versions of this: for example, 
Mercedes-Benz’s “Curve Tilting” active suspension can raise one side of the vehicle and 
lower the other to counteract cornering forces (active up to ~111 mph)25. A bus could in 
theory use a scaled-up active tilt system to handle curves at higher speed without causing 
passenger discomfort or wheel lift. While not yet seen in commercial buses, researchers 
have modeled such systems26. Additionally, electronic stability control and anti-rollover 

 
20 https://www.sciencedirect.com/science/article/abs/pii/S0020740319319034  
21 https://www.dragzine.com/tech-stories/parachute-for-drag-racing-how-to-select-and-mount/  
22 https://journals.sagepub.com/doi/full/10.1177/09544070221127526  
23 https://www.growingscience.com/esm/Vol11/esm_2023_7.pdf  
24 https://journals.sagepub.com/doi/10.1177/0954407019856538  
25 https://www.carmagazine.co.uk/car-news/tech/does-it-work-mercedes-curve-tilting-function-car-june-2016/  
26 https://journals.sagepub.com/doi/10.1177/1687814018801456  

https://journals.sagepub.com/doi/full/10.1177/09544070221127526
https://journals.sagepub.com/doi/full/10.1177/09544070221127526
https://www.growingscience.com/esm/Vol11/esm_2023_7.pdf
https://www.growingscience.com/esm/Vol11/esm_2023_7.pdf
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systems27 would be essential – sensing any instability and automatically correcting 
steering or braking to prevent loss of control. 

• Structural and Component Upgrades: High speed magnifies forces on all vehicle components. 
Windshields and windows, for example, must withstand greater air pressure and impact 
forces from debris. To address this, the Superbus used Lexan polycarbonate glazing instead of 
conventional glass, offering higher impact resistance at lower weight. The bus body and frame 
would also need to be stiff yet light; carbon-fiber reinforced structures were used in the 
Superbus to achieve a strong, lightweight 10.5-ton vehicle– far lighter than a typical coach28. 
Reducing weight also improves acceleration, braking, and tire loading at high speed. Finally, 
passenger safety equipment like seatbelts would be non-negotiable at extreme speeds 
though the goal is to avoid crashes altogether, given the low survivability at such speeds. 

In summary, pushing a bus to 100–140 mph requires a re-engineering of the vehicle: high-speed rated tires, 
extremely powerful brakes, active suspension and stability control, aerodynamic streamlining, 
lightweight but strong construction, and robust safety systems. These changes are significant but 
conceptually feasible -  they mirror what was implemented in experimental projects like the 
Superbus, which featured radar-based obstacle detection, an electronic guidance system, and 
automation to maintain safety at 155 mph. 

Safety Measures to Enable Higher Speeds 
Even if the bus itself is engineered for high velocity, safety on the road remains the critical limiting 
factor. Several strategies have been proposed to overcome the safety challenges of high-speed bus 
travel: 

• Exclusive High-Speed Bus Lanes: The simplest way to increase safety is to physically separate high- 
speed buses from general traffic. An exclusive, purpose-built bus lane (or guideway) 
eliminates the risk of weaving or slower vehicles in front of the bus. Without passenger cars 
or trucks in the lane, a bus can utilize the full design speed of that facility. The Adelaide O-
Bahn29 in Australia is a real-world example: it’s a guided concrete busway where buses travel 
at up to 100 km/h (60 mph). Physically separated lanes can be built with gentle curves and 
gradients specifically to allow higher speeds (much like high-speed rail tracks). The Dutch 
Superbus concept assumed “specially designed segregated highway lanes” where the 23- 
passenger electric bus could cruise at 250 km/h (160 mph) without interfering with other 
traffic30. By removing slower vehicles, you remove the primary cause of sudden stops – 
greatly mitigating collision risks. Of course, designing a network of exclusive 100+ mph 
bus lanes would be a major infrastructure endeavor, but potentially cheaper than building 
new rail lines in some corridors31 32. The key point is that segregation from general traffic and 
control of entry (no unexpected obstacles) is almost a prerequisite for safe operation above 
~85 mph. 

A PATH research report33 evaluates single-lane Bus Rapid Transit (BRT) as a cost-effective 
alternative to traditional double-lane systems, finding it performs well with bus headways over 

 
27 https://journals.sagepub.com/doi/epdf/10.3141/2388-04  
28 https://web.archive.org/web/20190305102533/http://superbus.biz/concept  
29 https://onlinepubs.trb.org/onlinepubs/tcrp/tcrp90v1_cs/adelaide.pdf  
30 https://www.cartefacts.com/brand/superbus  
31 https://www.publicpurpose.com/ut-brt-gao.htm  
32 https://journalistsresource.org/economics/bus-versus-rail/  
33 https://dot.ca.gov/-/media/dot-media/programs/research-innovation-system-information/documents/final-reports/ca09-0952-finalreport-
a11y.pdf  
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20–25 minutes but faces delays at higher frequencies. A tested speed control algorithm helps 
reduce delays with minimal traffic impact. Single-lane BRT also lowers construction costs and 
space needs, making it suitable for constrained urban areas, though double-lane remains 
preferable for high-capacity routes. Another study34 shows that a dynamically reversible, one-lane 
system using median crossings and transit-priority controls is operationally viable and easily 
expandable. Additionally, Bus on Shoulder (BOS)35 systems allow buses to use freeway or arterial 
shoulders during congestion, improving travel time and reliability at low cost with strong safety 
records, especially in heavily congested corridors, requiring coordination and infrastructure 
upgrades. Overall, these approaches offer scalable, cost-effective transit solutions in space- or 
budget-constrained settings, but are less ideal for high-speed service needs. 

• V2X Communication and Hazard Awareness: Even on exclusive lanes, hazards can arise (a fallen 
tree limb, an animal on the roadway, or a disabled maintenance vehicle). This is where 
Vehicle-to-Everything (V2X) technology can enhance safety. V2X allows a vehicle to receive real- 
time alerts from infrastructure sensors, other vehicles, or traffic control centers far 
beyond the driver’s line of sight. For a bus traveling at 120 mph, advance knowledge of 
any problem is critical. Connected vehicle pilot programs have shown that broadcasting 
hazard alerts – for example, warning of sudden braking events, crashes, or work zones ahead – gives 
drivers time to adjust and avoid panic maneuvers36 37 38 39 40 41. In Georgia, recent tests used 
V2X to notify drivers of hard braking or poor weather on the road ahead, which 
effectively notify drivers in the vicinity of a hazard or incident, giving them enough time 
to change their driving behavior42. Applied to a high-speed bus, the roadway could be 
outfitted with sensors (or other connected vehicles act as scouts) to detect obstacles 
many miles ahead. The bus would then automatically slow well in advance of a hazard 
that might be hidden by a curve or hill. V2X could also communicate intersection status or 
ramp traffic if the bus corridor ever crosses other roads (though ideally high-speed lanes would 
be fully grade-separated)43 44. In essence, connectivity can partially compensate for limited 
sight distance – the bus knows what’s beyond visual range. This does not entirely remove 
stopping distance concerns, but it buys crucial reaction time. Furthermore, V2V (vehicle-to- 
vehicle) communication can coordinate movements between multiple high-speed buses or 
between a bus and emergency vehicles, etc., to prevent surprises45 46 47. Together with 
variable speed limits (dynamically lowering the bus’s allowed speed if, say, heavy rain or 
an incident is detected ahead), V2X is a powerful tool to enhance safety margins at high 
speeds. 

• Automation and Driver Assistance: Human reaction times and error rates become more 
problematic as speeds increase. At 140 mph, a human driver has very little margin to detect 
and respond to an issue. Automated driving systems can react faster and more precisely. Even 
current assistive technology like Automatic Emergency Braking and Lane Keeping can help 

 
34 https://dot.ca.gov/-/media/dot-media/programs/research-innovation-system-information/documents/f0017120-final-report-task-1646.pdf  
35 https://nap.nationalacademies.org/catalog/22809/a-guide-for-implementing-bus-on-shoulder-bos-systems  
36 https://www.fhwa.dot.gov/publications/research/connectedvehicles/11040/11040.pdf  
37 https://www.haasalert.com/de/blog/connected-vehicle-safety-digital-alerting-system  
38 https://rosap.ntl.bts.gov/view/dot/64854  
39 https://arxiv.org/pdf/2501.03069  
40 https://arxiv.org/pdf/2306.01889  
41 https://www.mdpi.com/2624-8921/6/4/90  
42 https://mobility.na.panasonic.com/blog/v2x-system-deployment-real-life-0  
43 https://www.sciencedirect.com/science/article/pii/S0968090X22001140  
44 https://iusrj.org/library/doai/doai202108051335.pdf  
45 https://rosap.ntl.bts.gov/view/dot/73566  
46 https://link.springer.com/chapter/10.1007/978-3-319-74727-9_49  
47 https://pmc.ncbi.nlm.nih.gov/articles/PMC8348605/pdf/sensors-21-05120.pdf  
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prevent collisions at highway speeds by intervening quicker than a human could48 49 50. 
Looking forward, a Connected and Automated Bus51 (CAB) system could manage high-speed 
operations with computer precision. Automation can help maintain safe headways, ensure 
smooth steering through curves, and keep the vehicle operating within safe limits at all 
times52 53 54 55. For instance, an automated bus could automatically adjust speed before a 
curve to what is safe for its dynamics (potentially using a risk-based speed advisory system56) 
and it could also engage in platooning, where multiple buses travel in a tightly coordinated 
convoy to reduce aerodynamic drag and improve highway capacity57 58. The U.S. Federal 
Transit Administration and state DOTs have been piloting automated shuttle buses and 
driver-assist for buses in recent years59 60 61 62 63 64 and the same technologies (sensors, AI 
driving algorithms) possibly can scale to high speeds if the environment is controlled 
(exclusive lane). An automated system would also consistently enforce safety rules – e.g. not 
exceeding certain speeds in curves53, unlike human drivers who might be tempted to push 
too fast. Overall, automation can significantly reduce the human-factor risks (reaction delay, 
fatigue, misjudgment) and thus is seen as critical for high-speed transit. In the Superbus 
design, manual driving was only for local roads; on the high-speed “Supertrack” it would 
switch to autopilot for safety at 250 km/h65. 

The Vehicle Assist and Automation (VAA) Demonstration Project66, led by Caltrans with PATH, 
LTD, and AC Transit, tested automated steering and precision docking for 60-ft transit buses using 
magnetic markers and DGPS/INS. The system significantly improved lane-keeping and docking 
accuracy, reducing lateral deviation by over half and achieving centimeter-level precision. 
Demonstrations in San Leandro67, CA, also showed reliable, safe performance, with over 190 
successful test runs and smooth transitions between manual and automated control. The project 
confirmed the technology’s feasibility and benefits while also identifying challenges like road 
conditions and infrastructure needs.  

• Route Selection and Roadway Design: Not all freeway segments are equal. Many U.S. interstates 
have long straight stretches which are essentially flat and linear for dozens of miles. These 
could be candidates for trialing higher bus speeds. By contrast, in hilly or curvy terrain high 
speeds may never be safe without massive realignment. One approach can be identifying 
stretches of existing highway with gentle curvature and grades that could allow 90–100+ mph 
operation and dedicate those stretches to high-speed buses or BRT during certain times. 

 
48 https://trid.trb.org/View/2209663  
49 https://www.mitre.org/sites/default/files/2022-11/pr%2022-3734-PARTS-real-world-effectiveness-model-year-2015-2020-advance-driver-
assistance-systems_0.pdf  
50 https://www.sciencedirect.com/science/article/pii/S0001457515001116?via%3Dihub  
51 https://onlinelibrary.wiley.com/doi/epdf/10.1155/2019/4603548  
52 https://journals.sagepub.com/doi/epub/10.1177/03611981231152459  
53 https://ietresearch.onlinelibrary.wiley.com/doi/epdf/10.1049/iet-its.2017.0149  
54 https://link.springer.com/chapter/10.1007/978-3-030-50350-5_1  
55 https://arxiv.org/pdf/2208.08686  
56 https://ietresearch.onlinelibrary.wiley.com/doi/epdf/10.1049/itr2.12599  
57 https://www.mdpi.com/2079-9292/11/19/3231  
58 https://arxiv.org/pdf/1511.00775  
59 https://www.transit.dot.gov/research-innovation/fta-managed-transit-bus-automation-demonstration-projects  
60 https://www.transit.dot.gov/grant-programs/advanced-driver-assistance-systems-adas-transit-buses-demonstration-and-automated  
61 https://www.apta.com/use-of-automated-buses-on-connecticuts-ctfastrak-brt/  
62 https://www.dot.state.mn.us/automated/bus/index.html  
63 https://transportationtechnology.utah.gov/automatedshuttlepilotproject/  
64 https://www.sfcta.org/projects/treasure-island-autonomous-shuttle-pilot  
65 https://newatlas.com/superbus/14677/  
66 https://dot.ca.gov/-/media/dot-media/programs/research-innovation-system-information/documents/ca16-2508-finalreport-a11y.pdf  
67 https://dot.ca.gov/-/media/dot-media/programs/research-innovation-system-information/documents/f0017127-id954-to-6606-final-report-
prr-2009-12.pdf  
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Alternatively, new alignments could be built alongside highways to smooth out curves. 
Careful route design – possibly including banked turns (superelevation) optimized for bus 
speeds – is another way to overcome safety issues. The idea of “flexible axles” or advanced 
chassis that let a bus handle banks is related: if special high-speed lanes were built with 
banking, buses might need adjustable suspension to take advantage of it68 69 70. This again 
circles back to active suspension or even a tilting vehicle concept to keep the bus aligned with 
the banking angle. 

International Examples and Analogues 
It’s instructive to compare how other countries and modes have approached high-speed ground 
travel: 

• Europe and Asia – Conservative Bus Speeds: In the EU, coaches are legally limited to 100 km/h 
(62 mph) by speed limiter devices71 72. This reflects a policy decision that buses mingling with 
traffic should not go faster, due to safety and liability. European highways (even the 
Autobahn73) do not see buses at 140 mph – instead, high-speed travel is handled by rail 
networks. Likewise, in Japan or China, buses stick to ~100 km/h limits even on expressways74, 
and high-speed rail is used for faster intercity travel. These regions illustrate that without special 
infrastructure, buses are constrained to moderate speeds by both law and prudence. However, 
they also provide BRT examples: China, South America, and Europe have many Bus Rapid 
Transit systems with segments of exclusive lanes. For instance, Turkey’s Metrobüs75 in 
Istanbul runs on a freeway median with a dedicated lane – it isn’t extremely high-speed, but 
avoids traffic to maintain ~50 mph even during rush hour. The longest BRT, TransJakarta76, 
similarly uses dedicated lanes to maintain higher average speeds (though again, top speed is 
usually ~50 mph). No country yet runs buses at 120+ mph in regular service, but some have 
explored it conceptually. 

• Adelaide’s O-Bahn (Australia): As noted, this guided busway stands out as a successful high-speed 
bus corridor. Buses there use small guide wheels to stay on a concrete track, allowing 
hands-off steering at speed. They routinely travel at 90 km/h (55 mph) and tested at 115 
km/h77. The system shows that with rail-like infrastructure and modified buses, you can 
safely push toward the upper limits of highway speed. The lessons include: provide smooth 
alignment, eliminate sharp corners (the O-Bahn gradually accelerates once on the straight 
track), and ensure vehicles are well-maintained (interestingly, O-Bahn buses had to be 
specially fitted for the track and there were some constraints on modern buses’ 
compatibility). Adelaide ultimately dialed back the top speed from 100 to 80 km/h for safety 
and maintenance reasons indicating that operational safety margins often win out over 
theoretical maximum speed77. This reinforces that while 100+ km/h bus running is possible, 
real-world conditions (weather, wear-and- tear, driver comfort) might lead agencies to adopt 
a slightly lower limit for everyday use. 

 
68 https://journals.sagepub.com/doi/10.1177/0954407019856538  
69 https://www.tandfonline.com/doi/full/10.1080/00423114.2016.1267368  
70 https://cjme.springeropen.com/articles/10.1186/s10033-021-00555-6  
71 https://www.trucknews.com/features/pushing-the-limit-2/  
72 https://www.bussgeldinfo.org/en/traffic-violations-and-fines/speeding/truck-bus-coach/  
73 https://www.rac.co.uk/drive/travel/driving-in-europe/driving-on-the-autobahn/  
74 https://english.jaf.or.jp/driving-in-japan/traffic-rules  
75 https://www.sciencedirect.com/science/article/pii/S1077291X22012425  
76 https://www.motorindiaonline.in/pt-transjakarta-jakartas-quick-efficient-and-safe-brt-system/  
77 https://web.archive.org/web/20160304071533/http://www.persona.uk.com/ashton/Core_docs/New/D75.pdf  
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• The Superbus Project (Netherlands/UAE): The Superbus deserves mention as a forward-looking 
prototype of a high-speed bus-like vehicle. Engineered by Delft University in the late 2000s, it 
was essentially a cross between a bus and a sports car: 15 m long, 23 seats, with a cruising 
speed of 250 km/h (155 mph)78 79. It achieved this through extreme design: a low-slung 
carbon-fiber body, a drag coefficient more akin to a supercar, 16 gull-wing doors for quick 
boarding, and all-wheel electric drive of 400 kW80 81 82. Safety was addressed via automation 
(autopilot on dedicated “Superlanes”), radar obstacle detection, electronic guidance, and high-
performance brakes83. The vehicle could reportedly bank slightly in turns and had an 
adjustable suspension height to handle different road conditions84 85. While the Superbus 
never entered service, it demonstrated that technologically, a bus can be built to travel at 140+ 
mph, given sufficient investment. It essentially treated the bus as a high-speed train on rubber 
tires, with specific infrastructure: the proposal included dedicated lanes heated to prevent 
ice, since running at 250 km/h on a public highway in winter would be perilous86. The project 
received attention in Europe and even Dubai (which considered it for Dubai-Abu Dhabi travel). 
Prototype developments like this suggest that in the future, we might see bus-based high-speed 
systems as a flexible alternative to trains – but they will rely on automation, exclusive guideways, 
and radically different vehicle designs than today’s buses. 

• High-Speed Rail and Other Modes: It’s useful to compare to high-speed rail (HSR), because many 
safety principles overlap. HSR requires fully grade-separated tracks87 88, gentle curves89 90, 
train control systems that prevent collisions91, and specialized vehicles that can bank and 
handle high forces92. A high-speed bus system would essentially mimic these 
requirements on rubber tires. However, steel-wheel trains have a guided path and 
magnetic track brakes on some but high-speed buses on tires need longer clear distances 
ahead or some form of guideway that can aid braking (perhaps electromagnetic induction 
strips?). Maglev93 94 95 buses have been fancifully discussed, but those blur into train technology. 
Another mode is the Hyperloop or Boring Company tunnels (Elon Musk’s concepts), where 
vehicles could be considered “buses” in a tube at hundreds of mph96. Those are far future 
and change the environment entirely to manage safety (by reducing air resistance and human 
interference).   

 

 

 
78 https://web.archive.org/web/20190305102533/http://superbus.biz/concept  
79 https://repository.tudelft.nl/record/uuid%3Ac38b6812-a2fe-4b61-8e7f-c910dfd42e72?  
80 https://shunauto.com/article/how-long-is-the-super-bus  
81 https://twistedsifter.com/2012/11/high-speed-superbus-concept-vehicle-netherlands/  
82 https://trid.trb.org/view/855605  
83 https://web.archive.org/web/20190305102533/http://superbus.biz/concept  
84 https://saemobilus.sae.org/papers/superbus-suspension-system-initial-correlation-vehicle-dynamic-simulations-testing-results-2009-01-1371  
85 https://saemobilus.sae.org/articles/analysis-lateral-dynamics-ride-performance-superbus-2008-01-0586  
86 https://newatlas.com/superbus/14677  
87 https://hsr.ca.gov/about/safety/grade-separation/  
88 https://highways.dot.gov/safety/hsip/xings/highway-rail-crossing-handbook-third-edition  
89 http://www.tillier.net/stuff/hsr/TM-2.1.2-Alignment-Design-Standards-R0-090326.pdf  
90 http://www.tillier.net/stuff/hsr/TM-1.1.0-Design-Criteria-Initial-Release-R0-070319.pdf  
91 http://www.tillier.net/stuff/hsr/TM-3.3.1-ATC-Concept-of-System-R0-100625.pdf  
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Feasibility for Policy and Planning 
From a policy perspective, allowing buses to operate at 100–140 mph raises questions of risk 
tolerance, infrastructure investment, and modal tradeoffs. Safety is the paramount concern – any high-
speed bus system must convincingly demonstrate crash avoidance because a bus crash at 120 mph 
would be catastrophic. Technologies like automation and V2X as discussed before could theoretically 
make highway travel as safe as guided rail travel, but they must be failsafe. Sight distance issues 
around curves and hills might be partly solved by new tech (V2X warnings, augmented reality for drivers, 
etc.), but likely one would avoid such locations or tunnel/bridge through them, similar to rail. 

Planners would also consider capacity and demand: a benefit of high-speed buses is that they could 
use existing corridors (freeways) and offer flexible routing compared to trains. They might serve 
corridors where building new rail is infeasible but where highways exist. For example, in a case that 
a dedicated 120 mph bus lane could connect cities faster than current rail options, at lower cost than 
a full HSR line – if it can be done safely. Cost considerations also come in: reinforcing pavement for 
constant 140 mph bus traffic, fencing lanes and exclusive guideways, installing sensors – all add costs, 
though possibly less than electrified rail lines. 

Another consideration is regulatory and legal frameworks. Introducing, say, a 110 mph bus service 
would require changes to state laws and federal safety standards. Agencies like NHTSA and FMCSA 
would need new standards for vehicles (for instance, bus roof crush and rollover standards97 might need 
an update if buses travel faster). Operationally, drivers might need special training or certification to 
pilot high-speed coaches, unless automation removes the driver from the equation. Liability in crashes 
would be a big issue – hence the push for Safe System approaches (i.e. designing the system to minimize 
chances of severe crashes in the first place). 

Despite the challenges, there may be niche applications where high-speed bus travel is desirable and 
worth the effort. Long-distance intercity travel (100–300 miles) is one, as an intermediate option 
between driving and flying. If safety can be assured, a bus going 120 mph on a special lane could cut 
travel times dramatically and become an attractive alternative to short-haul flights or expensive 
bullet trains. Automation and connectivity are advancing rapidly, so the gap between what trains do 
and what rubber- tired vehicles can do is narrowing. We already see Level 2 and 3 autonomous systems98 
handling highways at normal speeds; within a decade, they could handle higher speeds with even 
more reliability. 

Summary of Findings  
Pursuing maximum safe speeds for buses is a multidisciplinary challenge involving roadway engineering, 
vehicle design, and intelligent transportation systems. Current U.S. freeways, built to ~80 mph design 
standards, impose a natural limit – mainly due to sight distances and mixed traffic. Buses themselves 
also face constraints in tires, brakes, and stability that make ~140 mph unimaginable without 
significant redesign. However, by rethinking the system – providing dedicated high-speed lanes, leveraging 
V2X connectivity for early hazard detection, and employing automation and advanced chassis 
technologies – buses could potentially operate at speeds once reserved for trains. International experience 
(like Adelaide’s guided busway and Europe’s strict safety rules) underscores the caution required: 
even when higher speeds were possible, operators often chose a safer margin (e.g. capping at 55 

 
97 https://www.federalregister.gov/documents/2021/12/29/2021-27538/federal-motor-vehicle-safety-standards-bus-rollover-structural-
integrity  
98 https://www.sae.org/blog/sae-j3016-update  

https://www.federalregister.gov/documents/2021/12/29/2021-27538/federal-motor-vehicle-safety-standards-bus-rollover-structural-integrity
https://www.sae.org/blog/sae-j3016-update
https://www.federalregister.gov/documents/2021/12/29/2021-27538/federal-motor-vehicle-safety-standards-bus-rollover-structural-integrity
https://www.federalregister.gov/documents/2021/12/29/2021-27538/federal-motor-vehicle-safety-standards-bus-rollover-structural-integrity
https://www.sae.org/blog/sae-j3016-update
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mph) in regular use. Therefore, any high-speed bus deployment would likely start incrementally (perhaps 
90 mph, then 100+, etc.) as confidence in the safety measures grows. 

 In speculative terms, the concept of a 120 mph “freeway bullet bus” is not science fiction. Prototype 
projects like the Superbus have shown the engineering path forward, and emerging tech – from 
connected infrastructure to active suspensions – offers tools to mitigate the risks that once seemed 
insurmountable. Safety, ultimately, will be the limiting factor: engineers and planners must ensure that 
if buses reach 100+ mph, they do so in an environment as controlled and monitored as a high-speed 
railroad, with human error minimized and fail-safes in place. By addressing vehicle dynamics (through 
better design) and roadway intelligence (through communications and exclusive designs), many of 
the traditional safety issues can be overcome. 

In conclusion, while today’s buses are effectively limited to ~85 mph by design and safety, a 
combination of infrastructure segregation, cutting-edge vehicle technology, and automation could raise that 
ceiling significantly. We may one day see buses cruising at 100+ mph on special “guideways,” providing 
rapid inter-city service - but this will require treating buses less like ordinary road vehicles and more 
like high-speed train equivalents on rubber tires. The trade-offs in cost and complexity are 
considerable, yet the potential mobility benefits ensure this remains an active topic of research in 
both transportation engineering and policy circles. 

Gaps in Findings 
Real-world Empirical Evidence 
Most of the studies discussed rely heavily on theoretical analyses, simulations, or limited 
experimental tests. Actual field testing or long-term operational data at speeds exceeding typical 
freeway limits (85 mph) are rare or nonexistent. Thus, there’s a significant gap in verifying theoretical 
outcomes in realistic scenarios, including unexpected hazards, varying environmental conditions, and 
practical operational challenges. Without real-world evidence, confidence in safely implementing 
high-speed buses is uncertain, leaving planners without clear guidance on potential issues that might 
emerge in practice. 

Long-term Sustainability and Operational Reliability 
The studies primarily focus on immediate engineering solutions (e.g., aerodynamic designs, advanced 
braking) without thorough assessments of long-term durability, maintenance requirements, or 
reliability over sustained periods of operation at very high speeds (100–140 mph). Infrastructure or 
vehicle components may deteriorate faster than expected or require excessive maintenance, 
significantly increasing costs or compromising long-term operational viability. 

Comprehensive Safety Protocols 
Although safety considerations are discussed broadly, the studies largely overlook specific scenarios 
such as emergency braking from extremely high speeds, crash response protocols, or strategies for 
dealing with incidents (accidents, breakdowns, obstructions) occurring at these speeds. Without 
clearly defined emergency management strategies or incident response measures, there’s 
heightened risk of catastrophic outcomes in the event of failures or unexpected incidents, potentially 
undermining public safety. 

Human Factors and Operational Practicality 
The studies acknowledge automation and technological solutions to overcome human limitations 
but provide minimal analysis on human factors, including driver behavior, psychological impacts, 
reaction time, fatigue, passenger comfort, and practical human-machine interactions at very high 
speeds. Ignoring these human factors may lead to operational issues, reduced acceptance by drivers 
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and passengers, and increased likelihood of human error when transitioning between automated 
and manual driving modes. 

Economic Feasibility and Lifecycle Analysis 
Studies have generally avoided detailed economic analysis, particularly cost-benefit assessments, 
comparative economic evaluations versus alternative transportation methods (such as rail or 
aviation), and lifecycle cost assessments for high-speed bus infrastructure and vehicles. Without 
clear economic analysis, policymakers and transportation planners lack the necessary data to justify 
or support significant infrastructure investments or compare viability with other modes, potentially 
causing misallocation of resources or unanticipated economic challenges. 

Next Steps  
High-Speed Bus Vehicle 
To safely operate at 100–140 mph, buses will require significant research and redesign. Key vehicle-
focused research areas include: 

• Aerodynamic Optimization: Develop advanced aerodynamic designs, including optimized 
front/rear shapes, streamlined body structures, active spoilers, and lateral stability devices. 

• Advanced Braking Systems: Develop multi-redundant, high-capacity braking systems 
capable of reliable emergency stops from extreme speeds (120+ mph), including potential 
use of aerodynamic brakes. 

• Suspension and Stability Systems: Explore electronically controlled active suspension and 
tilting systems to maintain stability, improve passenger comfort, and mitigate rollover risks 
at high speeds. 

• Structural Integrity and Lightweight Materials: Investigate advanced materials (carbon fiber, 
composites, polycarbonate glazing) for lightweight yet structurally robust bus frames and 
components. 

• Powertrain and Energy Efficiency: Develop high-powered, efficient powertrains (electric or 
hybrid) capable of sustained high-speed performance and rapid acceleration, while 
considering fuel economy and environmental performance. 

• Automation and Advanced Control Systems: Research robust automated driving systems 
and advanced driver-assistance technologies (ADAS) designed explicitly for high-speed 
safety, precision, and reliability. 

• Passenger Safety Systems: Develop enhanced passenger restraint and safety systems, 
including crash-resistant seating, advanced seatbelts, airbags, and rapid evacuation solutions 
for high-speed emergencies. 

• Interior Ergonomics and Comfort: Design interiors optimized for high-speed travel, 
considering noise reduction, vibration damping, passenger comfort, and ergonomic driver 
cockpit designs. 

Real-world Empirical Validation 
• Conduct controlled pilot projects at speeds of 100–120 mph. 

• Collect and analyze real-world data on vehicle performance, roadway infrastructure impacts, 
and safety outcomes. 

• Test dedicated high-speed bus lanes to verify infrastructure design and durability. 
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Long-term Sustainability and Reliability 
• Perform lifecycle durability assessments for bus components (tires, brakes, suspension 

systems, aerodynamic devices). 

• Evaluate infrastructure durability under prolonged high-speed operation. 

• Develop predictive maintenance and reliability models. 

Safety and Incident Management 
• Execute emergency braking, crash, and obstacle avoidance simulations and real-world tests. 

• Develop and validate high-speed incident management and emergency response protocols. 

• Integrate and test advanced hazard detection systems (V2X) for safety and reliability. 

Human Factors and Operational Feasibility 
• Study driver behavior, reaction times, fatigue, and passenger comfort at high speeds. 

• Develop specialized training and certification programs for high-speed bus operators. 

• Optimize human-machine interfaces for seamless transitions between automated and 
manual driving modes. 

Economic Analysis and Lifecycle Costing 
• Conduct comprehensive economic evaluations comparing high-speed buses to alternative 

transport modes (rail, aviation, conventional buses). 

• Develop lifecycle cost analyses, including infrastructure investment, maintenance, 
operational, and environmental costs. 

• Perform scenario planning to identify economically optimal conditions for deployment. 

Environmental, Regulatory, and Cybersecurity Considerations 
• Conduct environmental impact studies, addressing noise, emissions, and energy usage. 

• Analyze and propose regulatory changes to ensure safe and compliant high-speed bus 
operation. 

• Research cybersecurity vulnerabilities in automated and connected systems, ensuring robust 
resilience. 

Implementation Mechanisms 
Pilot Projects and Demonstration Programs 

• Establish partnerships with state DOTs, transit agencies, universities, and private-sector 
manufacturers to design, fund, and operate high-speed bus pilot projects. 

• Secure funding through federal/state innovation grants, such as the USDOT's advanced 
mobility funding programs or public-private partnerships (PPP). 

Collaborative Research Consortia 
• Form multi-agency consortia comprising public agencies (e.g., Caltrans, FHWA, NHTSA), 

universities, automotive and bus manufacturers, and technology companies. 

• Leverage pooled-fund research programs to share costs, risks, and expertise among 
stakeholders, facilitating cooperative advancements. 
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Dedicated Testing Facilities 
• Develop dedicated high-speed vehicle testing tracks or lanes on existing infrastructure (e.g., 

unused or low-volume freeway sections) specifically for controlled high-speed testing. 

• Utilize existing facilities such as federal proving grounds (e.g., Transportation Technology 
Center, Inc.) or university research centers equipped to conduct rigorous testing. 

Industry and Public Sector Partnerships 
• Collaborate with major bus manufacturers, component suppliers, technology developers, 

and automation system providers to co-develop and rapidly test advanced bus technologies. 

• Foster relationships with technology firms specializing in connected and automated vehicle 
technologies to leverage their expertise in V2X communications, cybersecurity, and 
automated control systems. 

Policy and Regulatory Framework Development 
• Work closely with regulatory bodies (e.g., USDOT, FHWA, NHTSA) to develop necessary high-

speed bus safety standards and operational guidelines. 

• Engage policymakers early through stakeholder workshops and roundtables to align 
regulatory changes with technological advancements. 

Capacity Building and Workforce Training 
• Create specialized training programs for engineers, technicians, operators, and emergency 

responders, leveraging educational partnerships with universities and technical colleges. 

• Develop certification programs and standardize training curricula nationwide for high-speed 
bus operations and emergency management. 

Technology Transfer and Dissemination 
• Establish dedicated centers of excellence or knowledge hubs to disseminate research 

findings, best practices, and implementation guidelines. 

• Host regular industry forums, conferences, webinars, and workshops to promote knowledge 
exchange among researchers, policymakers, and practitioners. 

Public Engagement and Communication 
• Implement strategic outreach initiatives, including public demonstrations, awareness 

campaigns, and stakeholder engagement activities to build public confidence and 
acceptance. 

• Use transparent communication strategies, emphasizing safety benefits, economic 
advantages, and sustainability outcomes of high-speed bus systems. 

Performance Monitoring and Continuous Evaluation 
• Implement robust performance monitoring frameworks, utilizing real-time data analytics 

platforms to continuously evaluate vehicle, infrastructure, safety, environmental, and 
economic performance. 

• Regularly update and refine research and operational practices based on feedback from 
ongoing monitoring and evaluation efforts. 
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