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1 INTRODUCTION  

1.1 Background 

Heavy trucks and buses have long wheelbases and low ground clearance which add 

difficulty when traversing sloped rail grade crossings. Improving the traversability of at-grade rail 

crossings for large trucks will reduce the time vehicles are on the railway and reduce the potential 

for trains to collide with heavy trucks. 

According to statistics provided by the Federal Railroad Administration (FRA) and 

Operation Lifesaver, the number of collisions that occur in the United States (U.S.) between 

vehicles and trains at highway-rail grade crossings has steadily decreased since 1981, as shown in 

Figure 1 [1]. However, over 2,000 collisions still occurred at highway-rail grade crossings in 2015, 

resulting in 244 fatalities and 967 injuries. Approximately 500 of those 2,000 annual collisions 

involve commercial vehicles, including heavy trucks and buses [2]. 

The American Railway Engineering and Maintenance-of-Way Association (AREMA) 

published guidelines for the construction of road geometries, including elevations, at rail grade 

crossings to help vehicles with long wheelbases safely pass over grade crossings [3, 4]. Although 

the guidelines are intended for tractor trailers, they may not accommodate all extended trailers, 

including long flatbed trailers. When heavy trucks must make right-angle turns near railroad tracks, 

the risk of becoming high-centered on the tracks increases. Examples of several accident involving 

tractor-trailers becoming high centered on the tracks are shown in Figures 2 and 3 [5, 6, 7]. To 

mitigate accidents that occur between heavy trucks and buses at highway-rail grade crossings, 

further investigation is needed to determine parameters of traversable slopes and track 

configurations when considering large vehicle geometries. 

A research study was conducted to provide recommendations for traversable railway 

crossing cross-sections for heavy trucks and buses. Research being proposed in this Phase I study 
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will support University Transportation Center for Railway Safety (UTCRS) Strategic Research 

Goal no. 1, ñReducing fatalities and injuries at highway-rail grade crossings (HRGCs),ò and 

supports both UTCRS Research Focus Areas for FY2016, ñAt-Grade Railway Crossing Safetyò 

and ñRailway Operations Safety.ò Improving the traversability of heavy trucks over at-grade rail 

crossings will reduce the time vehicles are on the railway and reduce the potential for trains to 

collide with heavy trucks. 

1.2 Objective 

The objective of this research effort was to identify rail grade crossing geometries which 

may increase susceptibility to vehicles becoming high-centered, and to identify reasons why 

vehicles continue to become high-centered.  

1.3 Scope 

The research objectives were accomplished through a series of several tasks. A literature 

search was conducted to investigate, collect, and identify common at-grade railway cross-sections. 

Areas that have been problematic for heavy vehicle traversability were identified. Vehicle and 

trailer dimension data, suspension configurations, and trailer attachments were investigated, and 

wheelbase and ground clearance were tabulated to determine realistic, but worst-case, crossing 

conditions. Rail grade crossings within 200 miles (322 km) of the Midwest Roadside Safety 

Facility (MwRSF) headquarters in Lincoln, Nebraska were investigated using the FRA grade 

crossing index, and satellite and street-level photography were used to inspect if undercarriage 

scraping contact marks were visible at or near the crossing, or if the crossing slopes visually 

appeared to be steep. Those sites were recorded for additional investigation. 

Next, the research team collected data on railway crossings, including field measurements 

of cross-sections at three of the grade crossing sites denoted with scraping marks or steep crossing 

slopes from the satellite and ground level photography survey. A geometrical, static analysis was 
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conducted with the vehicle dimensions obtained to determine the limit of railway cross-sections 

which are traversable with heavy vehicles when neglecting suspension effects.  

Next, dynamic analyses were conducted to investigate large truck and trailer movements 

to identify crossings with likelihood for scraping or potentially gouging into pavement surfaces. 

Large trucks were modeled traversing highway-rail grade crossings using the multi-body dynamics 

program TruckSim and finite element analysis (FEA) using LS-DYNA. Suspension data for the 

proposed vehicle models was collected and a TruckSim vehicle model was developed. The vehicle 

model was validated utilizing prior test data of a truck traversing a speed table. A simulation matrix 

was developed and initial truck traversal simulations were conducted. FEA simulations with 

several railway crossing cross-sections were also performed, and recommendations were provided.  

Lastly, a final report was prepared which described the data collected on at-grade railway 

crossings and vehicle dimensions and properties, static analysis of heavy vehicle traversability, the 

TruckSim vehicle model, and conclusions and recommendations from the simulation effort. 
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Figure 1. Train-to-Vehicle Collisions, Injuries, and Fatalities Since 1980 [1] 

 
Figure 2. At Grade Crossing Railway Profile [5] 
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(a) 

 

 
(b) 

Figure 3. Train Crashes with Trucks High-Centered on Train Tracks in (a) Louisiana [6] and (b) 

North Carolina [7] 
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2 LITERATUR E REVIEW  

2.1 Introduction  

In 2015, over 2,000 highway-rail grade crossing crashes occurred in the U.S. [1]. 

Commercial vehicles, including trucks and buses, were involved in approximately 500 of these 

crashes [2]. Roadway construction standards, research studies, and thirty crashes regarding low 

ground clearance vehicles and highway-rail grade crossings are summarized in the following 

sections. 

2.2 Design of Highways and Streets 

A Policy on Geometric Design of Highways and Streets [8], published by the American 

Association of State Highway and Transportation Officials (AASHTO), contains guidelines for 

highway and street design. Concerning highway-rail grade crossings, dimensions are specifically 

recommended for approach grades, which are illustrated in Figure 4. At grade crossings, the 

crossing surface should be level with the top of the rails extending 2 ft (0.6 m) from the center of 

each track. The road surface should not be more than 3 in. (76 mm) higher or lower than the top 

of the rail for 30 ft (9.1 m) adjacent to each rail. 

 
Figure 4. Railroad-Highway Grade Crossing [8] 

2.3 Highway-Rail Crossing Signs 

The Manual on Uniform Traffic Control Devices (MUTCD) for Streets and Highways, 

published by the Federal Highway Administration (FHWA), details regulations for railroad 
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crossing signs, barricades, and crossing arms [9]. According to Section 8B.18, emergency 

notification signs (I-13) should be installed at all highway-rail grade crossings. These signs must 

show an emergency contact telephone number and the United States Department of Transportation 

(USDOT) crossing inventory number, as shown in Figure 5. 

 
Figure 5. Example of an Emergency Notification Sign [9] 

According to Section 8B.23, low ground clearance grade crossing signs (W10-5 signs) 

should be installed at grade crossings that could create high-centering situations for long wheelbase 

vehicles or trailers with low ground clearance, as shown in Figure 6. Furthermore, for the first 

three years after installing the W10-5 sign, a low ground clearance educational plaque (W10-5P 

sign) should be installed. The plaque is to notify the public of the W10-5 signôs meaning. 

 
Figure 6. Low Ground Clearance Grade Crossing Signs [9] 
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2.4 Railroad-Highway Grade Crossing Handbook 

The FHWAôs Railroad-Highway Grade Crossing Handbook [10] is a collection of 

standards for highway-rail grade crossings. It includes existing laws and regulations, information 

about active and passive control devices, and summaries of agency responsibilities regarding 

highway-rail grade crossings. 

Highway-rail grade crossing maintenance can be complex because railroad companies 

maintain jurisdiction over tracks, including at grade crossings, and state and local agencies 

maintain jurisdiction over the roadways adjacent to grade crossings. Railroad companies are 

responsible for maintenance of the riding surface at the highway-rail intersection, a responsibility 

that extends only a few inches outside of the railroad ties. Roadway maintenance by local or state 

agencies encompasses the roadway approach to the crossing, which may overlap with the 

railroadôs jurisdiction. Depending on the state, jurisdiction could be given to a public service 

commission or a public administrative agency for the state, county, or city. Consequently, 

coordination between public government agencies and private railroad agencies is necessary to 

maintain highway-rail intersections. 

The federal government has numerous agencies responsible for highway-rail grade 

crossing safety, including the Federal Highway Administration (FHWA), the Federal Railroad 

Administration (FRA), the National Highway Traffic Safety Administration (NHTSA), the Federal 

Motor Carrier Safety Administration (FMCSA), the Federal Transit Administration (FTA), the 

National Transportation Safety Board (NTSB), and the Surface Transportation Board (STB). The 

FRA collaborates with the state and railroad agencies to ensure regulations are met. The American 

Railway Engineering and Maintenance-of-Way Association (AREMA), though not a government 

agency, recommends practices pertaining to the design, construction, and maintenance of railway 

infrastructure. 
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The Railroad-Highway Grade Crossing Handbook [10] also discusses design exceptions 

for construction of highway-rail crossings. In cases where the standards cannot be met, the reasons 

and deviations should be documented and saved in a project file by both the highway agency and 

the railroad company. 

2.5 Manual for Railway Engineering 

Volume 1, Chapter 5, Section 8.2.1.5 of AREMAôs Manual for Railway Engineering [3] 

contains design guidelines for highway-rail grade crossings. Roadway approach grades should 

follow the following criteria: 

 

ñWhen constructing or reconstructing the roadway approaches to highway/railway grade 

crossing, the roadway surface should be constructed to be level with said plane through the 

tops of rails for a distance of at least 24 inches (preferably 60 inches or more) beyond the 

outer rail of the outermost track in each direction. The top of the rail plane should be 

connected to the grade line of the roadway in each direction by vertical curves of such 

length as is consistent with the design criteria normally applied to the functional 

classification of the roadway under consideration. It is desirable that the surface of the 

roadway be not more than 3 inches above or 3 inches below the elevation of the top of rail 

plane, as extended, at a point 30 feet from the outermost rail, measured at right angles 

thereto. Particular care should be taken to provide a roadway profile that will allow any 

reasonably anticipated low clearance vehicular traffic to traverse the crossing without 

hanging up on the crossing or rails. If such a profile is not practicable or feasible, it is 

recommended the governing roadway authority restrict and sign the crossing and roadway 

accordingly.ò 
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The manual also states that roadway and railway agencies should collaborate when 

crossings require maintenance, to agree upon the scope of work, materials to be used, work 

schedules, and division of costs. Coordination between roadway and railroad agencies is often 

inconsistent, and rail maintenance may not comply with federal and local guidelines [11]. 

Volume 3, Chapter 18, Section 2 of the AREMA manual [3] discusses track rehabilitation, 

which involves restoring tracks to their original condition or upgrading tracks to meet new 

standards. Section 2.3.4.10 discusses grade crossing rehabilitation and lists other sources of 

railroad and highway industry standards. These sources include: (1) Chapter 5, Section 8 of the 

Manual for Railway Engineering [3], summarized above; (2) the Manual on Uniform Traffic 

Control Devices [9], previously summarized in Section 2.3; and (3) the Railroad-Highway Grade 

Crossing Handbook [10], previously summarized in Section 2.4. 

2.5.1 Manual for Railway Engineering (1990) 

AREMA set highway-rail grade crossing guidelines which were adopted into the 1990 

edition of A Policy on Geometric Design of Highways and Streets [12]. These guidelines state, 

ñAcceptable geometries necessary to prevent drivers of low-clearance vehicles from becoming 

caught on the tracks would provide the crossing surface at the same plane as the top of the rails for 

a distance of 2 ft (0.6 m) outside of the rails. The surface of the highway should also not be more 

than 3 in. (76 mm) higher nor 6 in. (152 mm) lower than the top of the nearest rail at a point 30 ft 

(9.1 m) outside the outermost rail.ò 

2.6 Highway-Rail Grade Crossing Guidelines 

In addition to the highway-rail grade crossing guidelines published by AASHTO and 

AREMA, guidelines have been published by the Illinois Commerce Commission (ICC) and the 

Southern Pacific Railroad (SPR). These guidelines do not state that the crossing grade should be 

preserved when tracks are raised during maintenance. 
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2.6.1 ICC 

The highway-rail grade crossing guidelines from the ICC state, ñFrom the outer rail of the 

outmost track, the road surface should be level about 24 in. (610 mm). From there to a distance of 

25 ft (7.6 m), a maximum grade not to exceed one percent is specified. From that point to the 

railroad right-of-way line, the maximum grade is five percentò [11]. This crossing profile is shown 

in Figure 7. 

 
Figure 7. ICC Highway-Rail Grade Crossing Guidelines (not to scale) 

2.6.2 SPR 

SPRôs highway-rail grade crossing guidelines state, ñFor a distance of 20 ft (6.1 m) from a 

point 2 ft (0.6 m) from the nearest rail, the maximum descent should be 6 in. (152 mm). From that 

point for a distance of another 20 ft (6.1 m), the maximum descent should be 2 ft (0.6 m)ò [11]. 

This crossing profile is shown in Figure 8. 
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Figure 8. SPR Highway-Rail Grade Crossing Guidelines (not to scale) 

2.7 Design Guidelines for Highway Railroad Grade Crossing Profiles in Florida 

The Florida Department of Transportation (FDOT) sponsored a study to investigate 

problems at highway-rail grade crossings for low ground clearance vehicles in 2006 [11]. 

Numerous crashes between trains and vehicles high-centered on railroad crossings in Florida 

warranted the research study, with the main goal of revising the FDOT manual for grade crossing 

profile elevation. The research study consisted of a survey sent to state departments of 

transportation (DOTs) and railroad companies, collection of 3D crossing profile data, calculations 

for new crossing profile guidelines, and a prototype routing map with high-centering potential 

indicated at each crossing. 

2.7.1 Survey Results 

Initially, FDOT sent a survey to state DOTs and railroad companies. Thirty-one agencies 

responded, comprising twenty state transportation departments and eleven railroad companies. 

From the survey, it was determined that four agencies have formal guidelines for design, 

construction, and maintenance of grade crossings beyond the AASHTO policies concerning low 

0

0.5

1

1.5

2

2.5

3

-50 -40 -30 -20 -10 0 10 20 30 40 50

C
ro

s
s
in

g
 E

le
v
a

ti
o

n
 (

ft
)

Crossing Profile (ft)

SPR Highway-Rail Grade Crossing Guidelines



June 29, 2018  

MwRSF Report No. TRP-03-392-18 

13 

ground clearance vehicles. Six agencies have programs in place for maintenance of grade crossings 

that result in compliant roadway profiles. 

The survey also inquired as to the cause of low ground clearance vehicles becoming high-

centered at grade crossings. Both state DOTs and railroad companies cited roadway design, 

construction, and crossing maintenance as causes for vehicles becoming high-centered on 

highway-rail grade crossings due to the creation of sufficiently steep approach slopes. Highway-

rail grade crossing geometry may cause vehicles to become high-centered due to design, 

construction, or maintenance. Furthermore, seventeen responding agencies, or 55 percent, 

considered vehicles becoming high-centered at grade crossings to be a major safety issue and nine 

responding agencies have conducted or plan to conduct research concerning the issue. 

2.7.2 Grade Crossing Data Collection 

To collect local crossing data, twenty-eight grade crossings located in or near Tallahassee, 

Florida were documented using a laser profilometer. It was found that the profilometer would not 

yield accurate data without proper calibration and further advances in the technology. Other 

options for collecting crossing data include a rotary laser level, a laser rangefinder, a 3D laser 

scanner, a global positioning system (GPS), as-built construction drawings, an aerial survey, 

geographical information systems (GIS) data, a contour map, or 3D digital photography. These 

methods are more expensive than the profilometer, but yield more accurate results. 

2.7.3 Low Ground Clearance Vehicles in Traffic Streams 

To determine the percentage of low ground clearance vehicles in rural and urban traffic 

streams, FDOT conducted vehicle counts at three weigh stations in Florida. Annual average daily 

traffic (AADT) and truck traffic were counted at each location. Then, a truck factor, or percentage 

of trucks in the AADT, was calculated. Finally, a percentage of low clearance vehicles at each 

location was estimated. No conclusive definition of ñlow ground clearance vehicleò was 
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established in the Florida report [11]. It was found that rural traffic streams contained between five 

and six percent of low ground clearance vehicles, and urban traffic streams contained around ten 

percent. 

2.7.4 State Statute: Moving Heavy Equipment at Railroad Grade Crossings 

Prior to the publication of Design Guidelines for Highway Railroad Grade Crossing 

Profiles in Florida [11], Florida established statute 316.170 for moving heavy equipment at 

highway-rail grade crossings: 

1. No person shall operate or move any crawler-type tractor, steam shovel, derrick, or 

roller or any equipment or structure having a normal operating speed of 10 or less 

MPH or a vertical body or load clearance of less than ½ inch per foot of the distance 

between any two adjacent axles or in any event of less than 9 inches, measured 

above the level of surface of a roadway, upon or across any tracks at a railroad 

grade crossing without first complying with this section. 

2. Notice of such intended crossing shall be given to a station agent or other proper 

authority of the railroad, and a reasonable time shall be given to the railroad to 

provide protection at the crossing. 

3. The person operating or moving any such vehicle or equipment shall first stop the 

same not less than 15 feet nor more than 50 feet from the nearest rail of the railroad 

and while so stopped shall listen and look in both directions along the track for any 

approaching train, and shall not proceed until the crossing can be made safely. 

4. No such crossing shall be made when warning is being given by automatic signal 

or crossing gates or a flagger or otherwise of the immediate approach of a railroad 

train or car. If a flagger is provided by the railroad, movement over the crossing 

shall be under his or her direction. 
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Thirty-two states and the District of Columbia currently have the same statute in place [13]. 

The remaining eighteen states do not require low ground clearance vehicle operators to notify the 

railroad company before attempting to traverse the crossing. Of these eighteen states, ten states do 

not have any statutes regarding low ground clearance vehicles. However, laws are not always 

followed, as illustrated in the Intercession City crash, summarized in Section 2.10.3. 

2.7.5 Recommended Modifications to AREMA and AASHTO Guidelines 

The FDOT study utilized research performed by McConnell and Bauer in 1958 regarding 

vehicle overhang and ground clearance causing vehicles to become stuck on driveways [14, 15]. 

Information in A Policy on Geometric Design of Highways and Streets [8] Section 3.4.6 for vertical 

curves was also utilized. Further analysis of these concepts resulted in proposed recommendations 

to the following guidelines: AASHTO railroad-highway grade crossing guidelines found in A 

Policy on Geometric Design of Highways and Streets [8] Section 9.12.2 and AREMA roadway 

approach grade guidelines found in the Manual for Railway Engineering [3] Chapter 5, Section 

8.2.1.5. 

2.7.5.1 Vertical Crest Curves 

Ramp breakover angle has been used to evaluate the possibility of passenger vehicles 

becoming high-centered on driveways [14, 15]. Sobanjo utilized the concept to evaluate the 

possibility of low ground clearance vehicles becoming high-centered on highway-rail grade 

crossings [11]. Figure 9 illustrates dimensions of a low ground clearance vehicle on a vertical crest 

curve, where lw is wheelbase, c is ground clearance, and Ŭ1 and Ŭ2 are the formed angles shown. 

 
Figure 9. Low Ground Clearance Vehicle Dimension Diagram [11] 
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The values of Ŭ1 and Ŭ2 can be calculated with the following equation: 

ÔÁÎ‌  
ὧ

πȢυὰ
 

where Ŭ = angle in degrees enclosed by a plane joining the nearest wheel low  

      point to the lowest point under the vehicle and the flat ground surface 

          c = vehicle ground clearance in in. 

          lw = vehicle wheelbase in ft 

The ramp breakover angle, or the critical slope for an approach grade, ɓ, can be calculated 

with the following equation: 

‍  ‌  ‌ 

where ɓ = ramp breakover angle in degrees 

Ŭ1 = angle in degrees enclosed by a plane joining the nearest rear wheel low  

        point to the lowest point under the vehicle and the flat ground 

Ŭ2 = angle in degrees enclosed by a plane joining the nearest front wheel  

        low point to the lowest point under the vehicle and the flat ground 

The critical high-center situation will occur when the midpoint of the wheelbase contacts 

the ground, as shown in Figure 10. In this case, Ŭ1 and Ŭ2 will be equal and the above equation 

simplifies to the following: 

‍ ς‌ 

where ɓ = ramp breakover angle in degrees 

Ŭ = angle in degrees enclosed by a plane joining the nearest wheel low  

       point to the lowest point under the vehicle and the flat ground surface 
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Figure 10. Ramp Breakover Angle Diagram [11] 

Furthermore, the critical grade for the crossing, Gc, can be determined relative to the flat 

plane of the railroad tracks by the following equation: 

Ὃ  ÔÁÎ‍ 

where Gc = critical grade 

           ɓ = ramp breakover angle in degrees 

Based on research performed by the West Virginia University Department of Civil and 

Environmental Engineering, the critical vehicle for wheelbase relative to ground clearance is an 

auto-transport trailer [16]. The wheelbase and ground clearance for this type of vehicle are 40 ft 

(12.2 m) and 4 in. (102 mm), respectively. From these values, a critical grade of 3.33% was 

calculated. It was also determined that, based on Figure 10, the critical high-center will occur at 

the midpoint of the wheelbase length. Therefore, the flat plane of the railroad tracks should span 

half of the wheelbase length, or 20 ft (6.1 m) based on the critical vehicle wheelbase length. 

These calculated values formed the basis for recommended modifications to the AREMA 

roadway approach grade and the AASHTO railroad-highway grade crossing guidelines for design 

of vertical crest curves. The suggested changes to the original guidelines are bolded. 

 

ñTo prevent low-clearance vehicles from becoming caught on the tracks, located on crest 

vertical curve, the crossing surface should be of the same plane as the top of the rails for 
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a distance of 7.5 feet outside the rails. The surface of the highway should also not be more 

than 9 inches lower than the top of the nearest rail at a point 30 feet from the rail, measured 

at right angle thereto, unless track superelevation makes a different level appropriate. 

Vertical curves of 20 ft lengths should be used to traverse from the highway grade to a 

level plane at the elevation of the rails, ensuring that the change in tangent grades does 

not exceed 3.33%. Rails that are superelevated, or a roadway approach that is not level, 

will necessitate a site specific analysis for rail clearances, but in most cases, two tangents 

can be used to fit 20 ft vertical curve, ensuring that the change in tangent grades does 

not exceed a value equal to 3.33% plus the rails superelevation rate in percent.ò 

 

Despite utilizing the critical vehicle characteristics to formulate guideline 

recommendations, the methodology shown in Figure 10 and subsequent equations was not 

complete. Suspension properties, load distribution, and specifically crossing backslope were not 

taken into consideration, all of which would affect a vehicleôs ability to traverse a crossing. 

2.7.5.2 Vertical Sag Curves 

The AASHTO vertical curve guidelines found in A Policy on Geometric Design of 

Highways and Streets 3rd Edition [17] Section 3.4.6 for determining vertical sag curves is based 

on headlight sight distance. Sight distance is illustrated in Figure 11 and given by the following 

equation:
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ὒ ςὛ  
ςππὌ ὛÔÁÎ‏

ὃ
 

where L = parabolic curve length in ft 

          S = sight distance in ft 

          H = headlight beam height in ft 

          ŭ = headlight beam inclination angle to the horizontal 

          A = algebraic difference between the approach grades in percent 

 
Figure 11. Headlight Sight Distance for Determining Vertical Sag Curves [11] 

For low ground clearance vehicle high-centering, this equation can be used by setting ŭ 

equal to zero and setting L equal to S [11]. Furthermore, H is equal to c, the ground clearance of 

the vehicle. The equation simplifies to the following: 

ὒ  
ςππὧ

ὃ
 

where L = vehicle overhang length in ft 

          c = vehicle ground clearance in ft 

          A = algebraic difference between the approach grades in percent 

In this equation, L is the length of vehicle overhang and c is the ground clearance in feet. 

The value A is the difference between the approach grades G1 and G2 in percent, shown in Figure 
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11. The equation can be further simplified by setting G1 equal to zero, due to the flat railroad 

tracks, as shown in the following equation: 

ὒ  
ςππὧ

Ὃ
 

where L = critical curve length in ft 

          c = vehicle ground clearance in ft 

          G2 = nonzero approach grade in percent 

The critical vehicle for vertical sag curves was determined to be a single unit transit bus 

with an overhang length of 18 ft (5.5 m) and a ground clearance of 6 in. (152 mm) [16]. A critical 

approach angle of 5.55% was calculated. By using the same ground clearance, but with a length 

of 20 ft (6.1 m) for the critical wheelbase length, a critical approach angle of 5.00% was calculated. 

These calculated values formed the basis for recommended modifications to the AREMA 

roadway approach grade and the AASHTO railroad-highway grade crossing guidelines for design 

of vertical sag curves. The suggested changes to the original guidelines are bolded. 

 

ñTo prevent low-clearance vehicles from becoming caught on the tracks, located on sag 

vertical curve, the crossing surface should be of the same plane as the top of the rails for 

a distance of 10 feet outside the rails. The surface of the highway should also not be more 

than 6 inches higher than the top of the nearest rail at a point 20 feet from the rail, measured 

at right angle thereto, unless track superelevation makes a different level appropriate. 

Vertical curves of 20 ft lengths should be used to traverse from the highway grade to a 

level plane at the elevation of the rails, ensuring that the change in tangent grades does 

not exceed 5%. Rails that are superelevated, or a roadway approach that is not level, will 

necessitate a site specific analysis for rail clearances, but in most cases, two tangents can 
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be used to fit 20 ft vertical curve, ensuring that the change in tangent grades does not 

exceed a value equal to 5% plus the rails superelevation rate in percent.ò 

 

2.7.6 Calculated Approach Grades 

Using the equations listed in Section 2.7.5.1, values for the maximum approach grade were 

calculated based on various wheelbase, track width, and ground clearance values, as shown in 

Table 1. The calculated approach angles were graphed, as shown in Figures 12, 13, and 14. 

Table 1. Critical Approach Grades Based on Wheelbase, Track Width, and Ground Clearance 

[11] 
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Figure 12. Critical Approach Grade vs. Wheelbase with 10 ft (3.0 m) Track Width and Various 

Ground Clearances [11] 

 
Figure 13. Critical Approach Grade vs. Wheelbase with 15 ft (4.6 m) Track Width with Various 

Ground Clearances [11] 
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Figure 14. Critical Approach Grade vs. Wheelbase with 20 ft (6.1 m) Track Width and Various 

Ground Clearances [11] 

2.7.7 Review of Hump Crossings in Florida 

To determine the cause of hump crossings, FDOT utilized its Railroad Highway Crossing 

Inventory (RHCI) database to collect data on crossings in Florida which had low ground clearance 

warning signs posted or were prone to high-centering low ground clearance vehicles. Out of the 

forty-four crossings found, all had asphalt buildup, which suggested maintenance work performed 

by the railroad company. Three of the forty-four crossings had vertical sag curves. Thus, vehicles 

becoming stuck from front or rear overhang would be less common than vehicles becoming high-

centered within the wheelbase. 

2.7.8 Network Route Based on Crossing Profiles 

In order to map the crossings in Tallahassee, Florida, FDOT utilized FRA data to identify 

crossings, then used Environmental Systems Research Institute (ESRI) software to find the 

location of each crossing. Next, the information was superimposed on a GIS base map, as shown 
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in Figure 15. A high-centering potential rating was established for each grade crossing, which 

would aid in establishing safe routes for low ground clearance vehicles, as shown in Figure 16. In 

addition, links to grade crossing photos and aerial photos were accessible on the map, as shown in 

Figure 17. 

A nationwide highway-rail grade crossing map with low clearance vehicle ratings and 

crossing photos would be a useful tool for trucking companies and oversize/overweight load permit 

issuing agencies. In order to implement such a map, accurate crossing information would need to 

be collected and low clearance vehicle ratings would need to be established. 

 
Figure 15. Railroad Crossing Map with Crossing Identification and Information [11] 



June 29, 2018  

MwRSF Report No. TRP-03-392-18 

25 

 
Figure 16. Railroad Crossing Map with Optional Routes and Low Clearance Vehicle Ratings 

[11] 

 
Figure 17. Railroad Crossing Map with Grade Crossing Photo [11] 
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2.8 Low-Clearance Vehicles at Rail-Highway Grade Crossings 

West Virginia University performed a study regarding low ground clearance vehicles at 

grade crossings in 1991 [4]. The main objectives of the study were to identify categories of vehicles 

with low ground clearance and to develop a computer program to evaluate the potential for vehicles 

to become high-centered at grade crossings. 

2.8.1 Vehicle Classification 

A vehicle classification count was collected on Interstate 79 (I-79) in West Virginia in May 

1990. Double-drop low-bed equipment trailers, boat transporters, automobile transporters, and 

double-drop livestock trailers were identified as low clearance trucks, and a ground clearance of 2 

in. (51 mm) was the lowest seen. It was determined that low-clearance vehicles account for 2.0 

percent of the traffic stream. Wheelbase and ground clearance data were collected at two additional 

locations in West Virginia along I-79. Collected ground clearance and wheelbase data is shown in 

Table 2. 
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Table 2. Ground Clearance and Wheelbase Data Collected in West Virginia [4] 

Ground Clearance 

in. (mm) 

Wheelbase 

ft (m) 

9.5 (241) 
31.6 (9.6) 

43.8 (13.4) 

9 (229) 

29.7 (9.1) 

30.7 (9.4) 

35.0 (10.7) 

8.5 (216) 35.5 (10.8) 

8 (203) 

27.6 (8.4) 

32.4 (9.9) 

32.5 (9.9) 

37.5 (11.4) 

40.0 (12.2) 

40.8 (12.4) 

7.25 (184) 33.4 (10.2) 

7 (178) 

26.6 (8.1) 

28.9 (8.8) 

32.7 (10.0) 

34.8 (10.6) 

35.5 (10.8) 

38.0 (11.6) 

38.4 (11.7) 

6.75 (171) 
28.8 (8.8) 

33.6 (10.2) 

6 (152) 

28.2 (8.6) 

29.5 (9.0) 

29.9 (9.1) 

30.5 (9.3) 

31.3 (9.5) 

31.4 (9.6) 

33.5 (10.2) 

5.75 (146) 26.0 (7.9) 

5.5 (140) 

28.5 (8.7) 

30.0 (9.1) 

31.8 (9.7) 

35.0 (10.7) 

5 (127) 
31.1 (9.5) 

34.6 (10.5) 

4.75 (121) 
35.0 (10.7) 

38.8 (11.8) 

4.5 (114) 
30.6 (9.3) 

32.5 (9.9) 

4 (102) 31.8 (9.7) 

3 (76) 36.0 (11.0) 
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2.8.2 Computer Program: HANGUP 

A computer program, HANGUP, was developed to simulate low-clearance vehicles 

traversing grade crossings. The program can run in either manual or automatic mode. Manual 

mode can be utilized when specific wheelbase and ground clearance values need to be evaluated 

at a crossing. The output of a manual-mode simulation is shown in Figure 18. The arrows indicate 

points where a vehicle would become high-centered. To determine which combination of 

wheelbase and ground clearance values will cause high-centering over a crossing, automatic mode 

can be used. It will test wheelbases from 10 to 40 ft (3.0 to 12.2 m) in 1 ft (0.3 m) increments and 

ground clearances from 1 to 10 in. (25 to 254 mm) in 1 in. (25 mm) increments. The output of an 

automatic-mode simulation is shown in Figure 19. Results are given in binary code, where a high-

centering incident is signified by a 1 and a safe crossing is signified by a 0. 

The HANGUP program has many limitations. It is a 2D modeling program that does not 

take vehiclesô dynamic factors into consideration. In addition, the program only accepts integer 

values. For ground clearance, rounding to the nearest whole inch could give an incorrect result. 

 
Figure 18. HANGUP Manual Mode Output [4] 
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Figure 19. HANGUP Automatic Mode Output [4] 

2.9 Identification of Hump Hig hway-Rail Crossings in Kansas 

In 1997, the FHWA adopted the W10-5 low ground clearance sign. States are required to 

keep hump crossing information in an electronic database and are responsible for posting W10-5 

signs at hump crossings, but the FHWA did not set a standard procedure for identifying hump 

crossings. 

The Kansas Department of Transportation (KDOT) performed a study to identify and rank 

hump crossings across the state [18]. Another objective of the study was to identify characteristics 

of vehicles in Kansas most susceptible to becoming high-centered at grade crossings. The study 

did not identify or evaluate countermeasures to vehicles becoming high-centered at grade 

crossings. 
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2.9.1 Surveys 

Surveys were sent to each county in the state of Kansas by KDOT to gather information 

related to highway-rail grade crossing incidents where vehicles became high-centered on the 

crossing, types of vehicles which have become or are likely to become high-centered on crossings, 

actions taken to mitigate the issue of vehicles becoming high-centered on crossings, and 

involvement of railroad companies in solving the issue of vehicles becoming high-centered on 

crossings. The results are discussed in Section 2.9.1.1. 

Surveys were also sent to each U.S. state to gather information related to procedures for 

identifying high-profile crossings, actions taken to mitigate the issue of vehicles becoming high-

centered on crossings, identification of vehicles which have become or are likely to become high-

centered on crossings, involvement of railroad companies in solving the issue of vehicles 

becoming high-centered on crossings, and considerations for high-profile crossings in the stateôs 

highway design manual. The results are discussed in Section 2.9.1.2. 

2.9.1.1 Kansas County Surveys 

A survey regarding hump crossings was sent to every county in Kansas, and seventy-nine 

out of one hundred-five responded [18]. Ten counties responded that they had experienced a total 

of forty-eight high-centering incidents in the past two years. It was not specified if any of these 

forty-eight incidents resulted in a crash between a train and the vehicle. Crossing profile data and 

vehicle data were known for one incident. Out of the sixty-six counties that reported no incidents 

of vehicles becoming high-centered on crossings in the last two years, thirty-four reported they 

have crossings with the potential to cause high-centering. Various methods of mitigating the high-

centering problem were reported by fifty-nine counties: close the road over the crossing, restrict 

certain vehicles from using the crossing, post warning signs at the crossing, and reconstruct 

approaches to the crossing. When asked about railroad company involvement in correcting 
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potential high-profile crossings, forty-nine out of fifty-nine counties reported they were 

dissatisfied. Thirty-four counties were willing to participate in a study to identify hump crossings. 

2.9.1.2 State Surveys 

A survey regarding hump crossings was sent to each state DOT and thirty-four responded 

[18]. State DOTs use a variety of methods to classify high-profile crossings:  

¶ Formal Reports (crash, employee, public, police, and railroad) 

¶ Surveys 

¶ Inspections (routine, scrape mark, and service) 

¶ Databases 

All states are required to keep crossing databases, and nine out of thirty responding states 

had information in their databases that could be utilized to identify high-profile crossings. When 

asked if  data was reflective of current conditions, states reported anywhere from continuously 

updated to last updated twenty years ago. 

Methods for mitigating the hump crossing problem reported by the states include:  

¶ Reconstruction 

¶ Closure 

¶ Signage 

Where forty-nine out of fifty-nine counties in Kansas were dissatisfied with railroad 

company aid in solving hump crossing problems, twenty out of thirty-one states were satisfied. 

Out of thirty responding states, seventeen states have highway-rail grade crossing guidelines or 

standards in their highway design manuals which prevent design of high-profile crossings. Many 

of these states have adopted the AASHTO railroad-highway grade crossing guidelines, or have 

adopted these guidelines with some modifications. 
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2.9.2 Low Ground Clearance and Long Wheelbase Physical Model 

KDOT created a physical model to evaluate hump crossings, shown in Figure 20. The 

model can be adjusted to represent a vehicle with a wheelbase up to 30 ft (9.1 m) and a ground 

clearance from zero to several inches. Bike tires were utilized for the model, in addition to a leaf 

spring suspension system and a truss frame structure. 

To evaluate the accuracy of the physical model, it was compared against a lowboy trailer 

with the same wheelbase and ground clearance. Both the model and the tractor-trailer were driven 

over the same crossing, but on different days. The crossing was located on an unpaved road, which 

was graveled and graded after the lowboy trailer measurements were taken and before the model 

measurements were taken. It was concluded that the model measurements were comparable to 

those for the trailer, and if the crossing had not been changed, the model and trailer would have 

yielded the same results. Furthermore, the model measurements were much easier and quicker to 

obtain. 

 
Figure 20. Physical Model Built for Evaluation of Crossings in Kansas Study [18] 
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2.9.3 HANGUP Program 

Kansas utilized HANGUP version 2.4, the program created by West Virginia University 

discussed in Section 2.8.2, to evaluate large trucks and trailers becoming high-centered at grade 

crossings. The program inputs are the crossing profile data and the vehicle dimensions. The 

necessary vehicle dimensions are wheelbase, ground clearance between the axles, front and rear 

overhang, and front and rear ground clearances. The program will output one of three results: safe 

(0), hang-up (1), or more detailed study warranted (*). A result of ñmore detailed study warrantedò 

is output when the clearance between the crossing profile and vehicle models is less than 1 in. (25 

mm). 

A 3D version of the HANGUP software became available during the Kansas study, but the 

researchers were never able to run the program successfully. Therefore, the 2D version was used 

to evaluate sixteen crossings in Kansas with three critical vehicles: a school bus, a cattle trailer, 

and a lowboy trailer. The dimensions for each critical vehicle are shown in Table 3, and were taken 

when each vehicle was unloaded. Out of the forty-eight simulations run, six resulted in high-

centered vehicles and the remaining forty-two were deemed safe. 

Table 3. Critical Vehicle Dimensions for Kansas Study [18] 

Vehicle Type Wheelbase ft (m) Ground Clearance in. (mm) 

School Bus 21 (6.4) 22 (559) 

Cattle Trailer 37 (11.3) 12.5 (318) 

Low-Boy Trailer 33 (10.1) 11.17 (284) 

 

2.9.4 Kansas Crossing Database 

During this study, KDOT updated the state grade crossing inventory. Every public grade 

crossing in the state was surveyed, and sixty data items were collected at each crossing. While 

collecting crossing data, the surveyors also identified 250 high-profile crossings by looking for 
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scratch or gouge marks on the crossing, or crossings with a grade of 9.4 or greater on either 

approach slope. The value of 9.4 was arbitrarily chosen. Around half of the crossings with grades 

greater than 9.4 had scratch or gouge marks. 

For these 250 high-profile crossings, grade data was collected using a rod and level along 

the centerline and both edges of the pavement. Elevations were taken from each track to 100 ft 

(30.5 m) out, every 5 ft (1.5 m) for the first 30 ft (9.1 m), and then every 10 ft (3.0 m). 

2.10 Highway-Rail Grade Crossing Crashes with High-Centered Vehicles 

While not all vehicles high centered on rail grade crossings lead to a train crash, several 

train collisions with vehicles high centered on tracks occur every year. Thirty-three crashes 

involving low ground clearance vehicles and hump highway-rail crossings are summarized in the 

following sections. 

2.10.1 Crash between Metrolink Train and Tractor-Trailer  

On January 28, 2000 a tractor-trailer combination vehicle transporting an oil refinery 

condenser unit was impacted by a Metrolink commuter train in Glendale, California [19]. The 

tractor was a 1997 Peterbilt model. The trailer was a 1992 Aspen semi-trailer with two 2-axle 

boosters and a 3-axle lowboy semi-trailer equipped with a hydraulic lift, as shown in Figure 21. 

The tractor-trailer unit was 135 ft (41.1 m) long, had a ground clearance of 6 in. (152 mm), and 

had a gross weight of 226,000 lb (102,512 kg). The oil refinery condenser was valued at $1.5 

million and its transportation required permits from four states. 

 
Figure 21. 1997 Peterbilt Tractor and 1992 Aspen Semi-trailer Combination Unit [19] 
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The transport convoy consisted of two pilot cars, three California Highway Patrol (CHP) 

officers, and the truck driver. The lead pilot car driver had received the permitted route for each 

state and compiled the directions onto one handwritten sheet. While he was transcribing the 

complete route, the pilot car driver mistakenly missed some directions. In addition to missing 

directions, the lead pilot car driver and truck driver had been awake for 27 and 22 hours, 

respectively. These two factors contributed to the crash. 

In the town of Glendale, the tractor-trailer unit followed the pilot car over the Grandview 

Avenue crossing, missing the turn before the crossing onto San Fernando Road. The Grandview 

Avenue crossing, with USDOT grade crossing number 746796L, consisted of two sets of tracks 

spaced 20 ft (6.1 m) apart with a grade of 3.26 percent on the south side and 3.02 percent on the 

north side. According to the 2011 AASHTO guidelines for railroad-highway grade crossings [8], 

the Grandview Avenue crossing should have been classified as a high-profile or hump crossing, 

as shown in Figure 22. Therefore, no low-ground clearance warning signs were present at the 

crossing, which could have prevented the crash. 
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Figure 22. Grandview Avenue Crossing Diagram [19] 

While the truck was crossing the tracks, one of the CHP officers observed the trailer 

scraped the surface of the crossing. The truck driver did not feel his trailer bottom out and the 

officer neglected to tell anyone. After crossing the tracks, the pilot car driver realized he had missed 

the correct turn and the convoy decided to circle the block and re-cross the tracks to return to San 

Fernando Road. While crossing the tracks for the second time, the trailer became lodged on the 

crossing. The driver exited the cab and began using the hydraulic lift. Around 60 seconds after 

becoming lodged on the tracks, the railroad warning devices activated. When the truck driver 

noticed the warning devices, he returned to the cab and managed to move the truck forward a few 

inches before the train struck. 

Before the crash, the train engineer noticed the tractor-trailer high-centered on the tracks, 

sounded the horn, and applied the brakes 1,000 ft (304.8 m) before the crossing. Nonetheless, the 
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train collided with the trailer. After the crash, the train engineer warned another oncoming train 

about the obstruction and prevented a second crash. 

Total damages were around $2,274,000 and minor injuries occurred to the train engineer, 

train conductor, and four train passengers. The train experienced significant damage to the engine, 

as well as minor damage to the coaches. In addition, the warning devices on the north side of the 

road were destroyed, the impacted trailer separated into three parts, and the oil refinery condenser 

was destroyed, as shown in Figure 23. The railroad tracks and tractor received no damage. 

 
Figure 23. Oil Refinery Condenser Unit and Train [19] 

2.10.2 O&J Trucking Company Crash 

On May 2, 1995 an unloaded tractor-trailer combination unit owned by O&J Trucking 

Company became lodged on a hump railroad crossing near Sycamore, South Carolina and was 

later hit by Amtrak Train No. 81 [5]. 

The overall length of the tractor-trailer unit was 61 ft (18.6 m) and it was a combination of 

a 1986 Freightliner 3-axle conventional tractor and a 48 ft (14.6 m) long 1994 Evans 2-axle lowboy 

semi-trailer. The trailer had an unloaded ground clearance of 12 in. (305 mm). At the time of the 

crash, the trailer stands protruded 3 in. (76 mm) below the bottom of the semi-trailer. 
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To return home after a delivery, the driver had to traverse a hump railroad crossing located 

on an unpaved road known to locals as Boogaloo Road. The crossing had 5.28 percent and 9.97 

percent grades on either side, has USDOT grade crossing number 634810U, and is shown in Figure 

24. No hump crossing warning signs were posted. The truck driver had traversed this crossing 

before, but never with a trailer as low as the one involved in the crash. 

 
Figure 24. Boogaloo Crossing [5] 

As he was crossing the tracks, the driver heard a scraping sound and the truck suddenly 

stopped. Upon inspection, the driver failed to observe that the trailer stands had become embedded 

in the asphalt. The driver attempted to free the trailer, but was unable to get the truck to move and 

when he attempted to contact the carrierôs office to warn them he was high-centered on the tracks, 

the office was closed and no one answered. 

The train engineer and assistant engineer both saw the semi-trailer on the tracks, applied 

the emergency brakes, and braced for impact. The force of the impact separated the tractor from 

the trailer and derailed both locomotives and fourteen of the sixteen cars. Total damages were 

approximately $1,282,500 and thirty-three train personnel and passengers received minor injuries. 
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2.10.3 Highway-Rail Grade Crossing Collision Report Summary 

Appendix E of the Highway/Rail Grade Crossing Collision near Sycamore, South Carolina 

May 2, 1995 report [5], summarized in Section 2.10.2, features summaries of fifteen other truck-

train crashes in which a tractor-trailer unit became lodged on a railroad crossing. 

Case no. 1 discusses a crash that occurred on August 25, 1983 in Rowland, North Carolina 

that resulted in twenty-nine injuries and $623,399 worth of damage. The truck, trailer, and cargo 

had a gross weight of 105,820 lb (47,999 kg). The trailer ground clearance was 7 in. (178 mm) and 

the distance between the kingpin and first semi-trailer axle was 36 ft ï 4 in. (11.1 m). The North 

Carolina permit allowed 103,000 lb (46,720 kg), therefore the driver was instructed to avoid scales. 

This resulted in him deviating from his authorized route and becoming lodged on a hump crossing. 

He attempted to raise the semi-trailer with the hydraulic lifts but was unsuccessful. The train 

engineer saw the truck on the tracks and applied the emergency brake about 1,200 ft (365.8 m) 

before the crossing. The crash separated the tractor from the trailer and derailed the train. 

Case no. 2 summarizes a crash that occurred on November 30, 1983 near Citra, Florida that 

resulted in fifty-nine injuries and $200,119 worth of damage. The truck was transporting earth-

moving equipment, and together with the trailer, had a gross weight of about 150,000 lb (68,039 

kg). The trailerôs ground clearance was 9.5 in. (241 mm). The distance between the kingpin and 

the trailerôs first axle was 31 ft ï 9 in. (9.7 m). 

The crossing had a 3 percent ascending grade east of the track and a 4 percent descending 

grade west of the track, each calculated from the centerline of the track to 100 ft (30.5 m) in either 

direction. The truck was high-centered on the tracks for about fifteen minutes before the crash, 

during which the driver unsuccessfully attempted to lift the trailer off the tracks by using the 

hydraulic lift. The train engineer, having seen the trailer high-centered on the tracks, reduced the 
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train speed to 35 mph (56.3 km/h) when they collided. The tractor separated from the semi-trailer 

and the locomotive and four cars derailed. 

Case no. 3 summarizes a crash that occurred on September 4, 1985 in Donner, Louisiana 

that resulted in $40,000 worth of damage and zero injuries. The tractor-trailer was transporting a 

bulldozer when it became lodged on the Deadwood Road crossing, which had a 5.8 percent 

descending grade on one side and a 13.5 percent ascending grade on the other, with respect to the 

truck and trailer travel direction. The trailer had a ground clearance of 8 in. (203 mm) and the 

distance between the rear tractor axle and the first semi-trailer axle was 28 ft (8.5 m). The truck 

driver unhitched the tractor, unloaded the bulldozer, and attempted to move the trailer with the 

bulldozer when the train struck. The train had slowed to 40 mph (64.4 km/h) before colliding with 

the trailer, which struck the pickup truck. 

Case no. 4 occurred on October 30, 1986 in Gary, Indiana and resulted in thirty-two injuries 

and $110,000 worth of damage. The tractor-trailer was transporting a 38,190 lb (17,323 kg) steel 

coil when it became lodged on the tracks. The trailer had a ground clearance of 8 in. (203 mm) and 

a distance of 31 ft ï 9 in. (9.7 m) between the kingpin and first trailer axle. The driver reported 

that the drive shaft snapped as he was dragging the trailer over the crossing. In the ten minutes 

before the train collided with the trailer, the truck driver cleared traffic to make room for another 

truck that was following him, and they were going to attempt to pull the trailer off the crossing. 

Before the other truck arrived, the warning devices activated and the train collided with the trailer. 

The trucking company chose to traverse this crossing to avoid the Steelworkerôs Union 

picket line, even though they recently had problems clearing it. Consequently, the truck was 

equipped with a radio to contact the carrierôs office if necessary, but it was inoperative at the time 

of the crash. 
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Case no. 5 summarizes a crash that occurred on November 12, 1986 in College Park, 

Georgia that was caused by the truck driver missing a sign prohibiting trucks longer than 30 ft (9.1 

m) from using the crossing. The trailer had 10 in. (254 mm) of ground clearance and the distance 

between the kingpin and first trailer axle was 31 ft (9.4 m). For the twenty minutes before the 

crash, the truck driver attempted to contact a tow truck via radio, but did not try to contact police 

or the railroad. When he saw the train headlights, he ran along the tracks, trying to warn the train. 

The engineer saw the truck high-centered on the tracks and applied the emergency brakes about 

900 ft (274 m) before the crossing. The train did not derail after colliding with the lodged tractor-

trailer. The crash resulted in zero injuries and $90,000 worth of damage. 

Case no. 6 occurred in Winlock, Washington on December 22, 1986 and resulted in three 

injuries and $252,000 worth of damage. This crossing had a 14 percent ascending grade on the 

west side which transitioned to a 5 percent ascending grade 5 ft (1.5 m) from the tracks. The semi-

trailer had a ground clearance of 12 in. (305 mm) and the crash occurred two and a half minutes 

after becoming lodged on the tracks. The semi-trailer was torn into two pieces, and two 

locomotives and four coach cars derailed. 

Case no. 7 summarizes a crash that occurred on January 15, 1987 near Canby, Oregon and 

resulted in one injury and $49,022 worth of damage. The tractor-trailer unit was transporting crane 

parts and had a ground clearance of 7.75 in. (197 mm). A 12.6 percent ascending grade for 3 ft 

(0.9 m) east of the tracks transitioned into a 5.8 percent ascending grade for the next 40 ft (12.2 

m), and the other side had a 3.2 percent descending grade. The crash caused the second locomotive 

to derail and the crane parts to fall off the trailer, while the lead locomotive pushed the truck 400 

ft (121.9 m) down the track. 

Case no. 8 occurred in Halifax, North Carolina on November 12, 1987 and resulted in 

$266,130 worth of damage and zero injuries. The tractor-trailer unit was transporting a Caterpillar 



June 29, 2018  

MwRSF Report No. TRP-03-392-18 

42 

excavator when it became lodged on the tracks. The train engineer saw the truck and applied the 

emergency brakes, slowing the train down to 50 mph (80.5 km/h) when it collided with the trailer. 

The crash caused the locomotive and eight cars to derail, as well as extensive damage to the track, 

semi-trailer, and excavator. 

Case no. 9 summarized a crash that occurred on November 25, 1987 in Seffner, Florida 

that resulted in seventeen injuries and $336,349 worth of damage. The tractor-trailer was 

transporting a backhoe when it became lodged on the tracks. The loaded ground clearance of the 

trailer was 5.25 in. (133 mm). The train engineer noticed the truck stopped on the tracks and 

applied the emergency brakes. The crash damaged the tractor, destroyed the semi-trailer and 

backhoe, and caused the locomotive, baggage car, and a sleeping car to derail. 

Case no. 10 describes a crash that occurred on October 3, 1990 in Encinitas, California that 

resulted in thirteen injuries and $285,000 worth of damage. An auto-transport trailer, with a ground 

clearance of 7.5 in. (191 mm), became lodged on the Leucadia Boulevard crossing, after the driver 

failed to see a sign prohibiting trucks. The approach grade to the east of the tracks had a 2 percent 

ascending grade, and the departing slope to the west of the tracks had a 9 percent descending grade. 

The train engineer applied the emergency brakes about 1,000 ft (304.8 m) before the crossing and 

the train collided with the auto-transport trailer at 65 mph (104.6 km/h). The impact severed the 

semi-trailer, causing five vehicles to be torn from it, two of which were destroyed, and three 

vehicles remained on the trailer undamaged. In addition, the cab control car derailed and was 

damaged substantially. 

Case no. 11 summarizes a crash in East Patchogue, New York on May 11, 1992 that 

resulted in $173,837 worth of damage and twenty-eight injuries. A tractor-trailer unit, with a 

ground clearance of 7 in. (178 mm), was transporting four concrete sewer vaults when it became 

lodged on a crossing with a 4 percent ascending grade on one side and a 0.3 percent descending 
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grade on the other. The train engineer applied the emergency brakes about 600 ft (182.9 m) before 

the crossing and slowed the train to 45 mph (72.4 km/h) when it struck the semi-trailer. The lead 

locomotive derailed and was extensively damaged and two of the concrete sewer vaults shattered. 

Case no. 12 described a crash between a tractor-trailer and a train on June 30, 1992 near 

Orange Park, Florida that resulted in zero injuries and $169,000 worth of damage. The semi-trailer, 

which had a ground clearance of 14 in. (356 mm) became lodged on a railroad crossing with a 7.3 

percent descending grade on the approach slope and 5.3 percent ascending grade on the departure 

slope. The train engineer applied the emergency brakes and collided with the semi-trailer, which 

fractured into two pieces. The train did not derail after impact. 

It should be noted that the railroad dispatch office was contacted by the police and notified 

of the lodged truck. Unfortunately, another call was made by a citizen, who gave the incorrect 

location, and the mistake was not caught by either the police or dispatch office. This resulted in a 

police officer traveling to the incorrect location and declaring the crossing clear, and the train was 

given permission to move. 

Case no. 13 summarized a crash on November 30, 1993 in Intercession City, Florida that 

resulted in fifty-nine injuries and $14,000,000 worth of damage. A 184 ft (56.1 m) long tractor-

trailer unit, consisting of thirteen axles, was transporting a turbine generator, as shown in Figure 

25. When the trailer was about halfway across the tracks, it had to be stopped and raised to clear 

the crossing. This left the cargo deck and turbine over the tracks for about seven minutes. During 

this time, the supervisor on scene tried to contact the trainmaster and the railroad, but his calls 

were unanswered. The train collided with the trailer at 54 mph (86.9 km/h) after the emergency 

brakes were applied. The lead locomotive and four cars derailed and eventually overturned, 

receiving extensive damage. In addition, the turbine generator, transport vehicle, and track were 

destroyed. 
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A NTSB highway accident report [20] summarized this crash in more detail. The crossing 

was analyzed after the crash and was found to be out of compliance with the AREMA and 

AASHTO guidelines. In addition, Florida law requires low ground clearance vehicles to notify 

railroad companies before attempting to traverse grade crossings. This requirement was not voiced 

to the convoy operators when they acquired the permit, and therefore the railroad company was 

not notified. Both factors contributed significantly to the crash. 

 
Figure 25. Tractor-Trailer Unit Transporting a Turbine in Intercession City, Florida [20] 

Case no. 14 summarized the crash at Boogaloo Road, described in Section 2.10.2. Case no. 

15 describes a crash that occurred on May 10, 1995 in Graysville, Georgia that resulted in one 

injury and $1,000,000 worth of damage. The truck was transporting a backhoe when it became 

lodged on the crossing, which had a 3 percent ascending grade on the approach slope and an 8 

percent descending grade on the departure slope. About a minute after becoming high-centered, a 

county sheriff arrived on scene and kept traffic clear of the area. The sheriff contacted his 

dispatcher, who in turn contacted the railroad, but there was no time to stop the train. The truck 

driver and his passenger were unable to move the tractor-trailer off the tracks, and five to ten 

minutes after becoming lodged, the train collided with the trailer, destroying the backhoe and 

transport vehicle. 

Case no. 16 describes a crash in Milford, Connecticut that occurred on October 3, 1995 

and resulted in twenty-four injuries and $500,000 worth of damage. A tractor-trailer combination 

unit was transporting an excavator and traveling an unauthorized route when it became lodged on 
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a hump crossing. The crossing had a 9.1 percent ascending grade on one side and a 3.7 percent 

descending grade on the other. In the three minutes before the train collided with the lodged 

vehicle, the truck driver attempted to raise the semi-trailer by using the hydraulic ram on the 

gooseneck, but was unsuccessful. The crash separated the tractor from the semi-trailer and the lead 

train car pushed the excavator off the semi-trailer. A crossing identification number was posted at 

the crossing but the truck driver did not attempt to contact the police or the railroad. 

2.10.4 NTSB Investigation Nos. H-84-66 through H-84-68 

The NTSB issued safety recommendations on August 29, 1984 that resulted from two crash 

investigations [21]. The first crash occurred on August 25, 1983 in Rowland, North Carolina, and 

was summarized in Section 2.10.2. The tractor-semi-trailer unit had a wheelbase of 36 ft ï 4 in. 

(11.1 m). It was later determined that the trailer would have required that the crossing have a radius 

of 283.17 ft (86.3 m) to traverse safely. The crossing involved in this crash had a curved radius of 

207.30 ft (63.2 m). 

The second crash occurred on November 30, 1983 in Citra, Florida, and was summarized 

in Section 2.10.3. The truck and trailer involved in the crash were not overloaded, the trailer did 

not have any mechanical defects, and the driver was following the prescribed route. It was later 

determined that county and railroad officials had not discussed maintenance of the crossing, and 

railroad maintenance was absent of any roadway regrading, resulting in a hazardous crossing 

geometry. 

The NTSB concluded that, when designing or maintaining roads, adequate ground 

clearance and highway-rail grade must be the top priorities. Furthermore, the highway and railroad 

departments must communicate and coordinate when performing maintenance. In response to the 

crashes, FDOT created a committee to study hazardous grade crossings in January 1984. The 

purpose of the committee was to: 
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¶ Develop a standard design for grade crossings 

¶ Install warning signs 

¶ Identify highway-rail grade crossings which were non-compliant with standards 

¶ Encourage governments to fix out of compliance crossings 

¶ Persuade railroads to cooperate with local governments when performing maintenance 

¶ Encourage trucking companies to inform drivers of the dangers of hump crossings 

The NTSB provided three recommendations for the FHWA: H-84-66, which suggests 

creating a bulletin which would alert drivers of hazards at hump railroad crossings; H-84-67, which 

would provide the Bureau of Motor Carrier Safety divisions access to an information system that 

identifies all motor carriers in their jurisdiction; and H-84-68, which would create an automated 

management information system. 

2.10.5 NTSB Railroad Accident Brief 

On February 5, 1997 an Amtrak train collided with a tractor-semi-trailer combination at a 

grade crossing in Jacksonville, Florida [22]. The truck driver had attempted to turn around on a 

narrow road near the Old Kings Road tracks and became high-centered on the crossing, which 

caused the wheels to leave the pavement. A passing pickup truck attempted to pull the tractor-

trailer wheels down to the pavement, but was unsuccessful and Amtrak train P098 collided with 

the high-centered semi-trailer. The crash caused the locomotive and four cars to derail and resulted 

in fifteen injuries and $1,410,000 worth of damage. The tractor-semi-trailer unit was destroyed. 

Despite the truck having a citizens band (CB) radio and Qualcom satellite communication system, 

the truck driver did not attempt to contact the police or railroad. 

2.10.6 Bus-Train Crash in Biloxi, Mississippi 

On March 7, 2017 a charter bus became lodged on the Main Street railroad crossing in 

Biloxi, Mississippi [37]. The bus was carrying forty-nine passengers when it became high-centered 
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on the crossing and was hit by a train. The crash resulted in four deaths and thirty-nine injuries. 

The bus was high-centered on the tracks for about five minutes before the train struck [38]. While 

attempting to traverse the crossing, the bus frame became lodged on the tracks. The bus driver 

opened the entry door to let passengers escape before the train struck [37]. Robert Sumwalt, an 

NTSB member, said the bus driver used directions from a GPS set for commercial vehicles instead 

of the directions given by the tour company [39]. The train was traveling at 26 mph (41.8 km/h) 

when the emergency brake was applied and slowed to 19 mph (30.6 km/h) when it collided with 

the bus, which was pushed 203 ft (61.9 m) down the track before the train came to a stop, as shown 

in Figure 26 [37]. 

 
Figure 26. Train and Bus in Biloxi, Mississippi Crash After the Train Came to a Stop on March 

7, 2017 [40] 

The Main Street crossing in Biloxi, Mississippi has seen sixteen crashes since 1976 [38]. 

This does not include vehicles that became high-centered on the crossing but were not hit by a 

train. Out of the sixteen crashes, six involved vehicles that were stopped or high-centered on the 
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tracks. In the past four years, three incidents have occurred at the Main Street crossing in Biloxi, 

Mississippi involving long, low profile vehicles. 

On January 5, 2017 a Pepsi delivery truck became high-centered on the crossing and was 

hit by a CSX train, as shown in Figure 27 [41]. The driver left the cab before the train hit and no 

one else was injured. On March 12, 2016 a charter bus carrying twenty-eight passengers became 

high-centered on the crossing, as shown in Figure 28. The oncoming train was stopped a few blocks 

before the crossing to prevent a crash. On August 28, 2014 a tractor-trailer became high-centered 

on the crossing and was struck by a train. One railroad employee was injured in this crash. 

 
Figure 27. Pepsi Truck after the Train Crash at the Main Street Crossing in Biloxi, Mississippi on 

January 5, 2017 [41] 
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Figure 28. Charter Bus High-Centered at Main Street Crossing in Biloxi, Mississippi on March 

12, 2016 [41] 

Andrew Gilich, the mayor of Biloxi, Mississippi, proposed closing six railroad crossings 

that had grade issues prior to the crash on March 7, 2017 [41]. Closing these six crossings would 

prevent vehicles from becoming high-centered as well as increase the resources available for 

improving the twenty-three other crossings in Biloxi. 

Low ground clearance signs are posted on both sides of the Main Street crossing as shown 

in Figure 29, as well as bells, lights, and crossing arms [37]. The signs do not prohibit any vehicles 

from crossing, they only warn of the hump crossing. 
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Figure 29. Main Street Crossing and Low Ground Clearance Sign in Biloxi, Mississippi [37] 

On March 10, 2017, three days after the bus-train crash, new warning signs were posted at 

the Main Street crossing in Biloxi, Mississippi [42]. Trucks, buses, and RVs are now prohibited 

from using this crossing, as well as crossings along three other streets in Biloxi. In addition, an 

emergency phone number and a crossing identification number will be posted at each crossing. 

2.10.7 Train -to-Truck Crashes with Limited Data 

News articles were found which describe crashes in which tractor-trailer vehicles became 

lodged on railroad crossings. Although news feeds do not contain the engineering analysis and 

details which are included in reports, various crashes were identified and referenced in the 

following sections. 

2.10.7.1 Lake Worth, Florida, March 16, 1988 

An auto transport tractor-trailer carrying eight vehicles became lodged on a railroad 

crossing in Lake Worth, Florida on March 16, 1988 [23]. The truck driver was traveling on 

Washington Avenue, a road trucks were restricted from using. The crash separated the trailer into 

two pieces and caused $350,000 worth of damage. 
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2.10.7.2 North Miami, Florida, March 22, 2010 

On March 22, 2010, an auto-transport trailer carrying Lexus vehicles became high-centered 

on a railroad crossing in North Miami, Florida, as shown in Figure 30 [24]. The crash caused two 

of the vehicles to fall off the trailer and tore the trailer into two pieces. 

 
Figure 30. Tractor Separated from Auto Transport Trailer [24] 

2.10.7.3 Hillsborough, North Carolina, March 23, 2012 

An auto-transport tractor-trailer was transporting seven vehicles in Hillsborough, North 

Carolina on March 23, 2012 when it became lodged on a railroad crossing [25]. The driver 

informed the police, who were able to contact the railroad and stop the train before a crash could 

occur. 
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2.10.7.4 Westchester, New York, September 20, 2004 

An empty auto-transport trailer became lodged on a crossing in Westchester, New York on 

September 20, 2004 when the driver took a wrong turn onto a road which prohibited large trucks 

[26]. The truck was attempting to turn around on the crossing when it became lodged. This crossing 

had an emergency phone number posted which went to an operator in direct contact with the train 

conductor, but the truck driver did not attempt to call it. A train collided with the truck, and the 

crash resulted in twenty-nine injuries. 

2.10.7.5 Springdale Borough, Pennsylvania, October 23, 2013 

On October 23, 2013 an auto-transport vehicle became lodged on a railroad crossing in 

Springdale Borough, Pennsylvania, and a train collided with the trailer [27]. The trailer was 

destroyed as a result of the crash. Several trucks had been impacted by a train at the same location. 

2.10.7.6 Waxahachie, Texas, July 22, 2015 

An auto-transport vehicle became lodged on a crossing in Waxahachie, Texas on July 22, 

2015, as shown in Figure 31 [28]. Police arrived on scene and contacted Union Pacific (UP), which 

alerted the train to the obstruction. In addition, the police set out flares along the track in case the 

railroad could not get in contact with a train. Subsequently, another truck arrived to pull the high-

centered auto-transport truck off the tracks, and no train-truck crash occurred. 
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Figure 31. Auto-Transport Trailer High-Centered on Tracks in Waxahachie, Texas [28] 

2.10.7.7 Colorado Springs, Colorado, October 4, 2016 

An auto-transport truck became high-centered on a railroad crossing south of Colorado 

Springs, Colorado on October 4, 2016, as shown in Figure 32 [29]. The train was traveling at 3 

mph (4.8 km/h) when it struck the auto-transport trailer, which resulted in minor damage to the 

truck and trailer, and no injuries were reported. A sign prohibiting trucks, buses, limousines, and 

recreational vehicles (RVs) was posted at the crossing, as shown in Figure 33, but the truck driver 

did not heed the warning. 



June 29, 2018  

MwRSF Report No. TRP-03-392-18 

54 

 
Figure 32. Slow Moving Train Collided with Auto-Transport Trailer [29] 

 
Figure 33. Sign Posted at Crossing Prohibiting Trucks, Buses, Limousines, and RVs [29] 

2.10.7.8 Johnston, South Carolina, May 14, 2015 

A tractor-trailer transporting a transformer was struck by a train in Johnston, South 

Carolina on May 14, 2015 after the truck became high-centered on the tracks [30]. The crash 
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destroyed the transformer, split the trailer in half, totaled multiple nearby cars, and derailed the 

locomotive and one empty car, but caused no injuries. One witness, who worked at a drug store 

near the crossing, said she had seen multiple trucks become high-centered on the crossing. 

2.10.7.9 Rayville, Louisiana, May 5, 2016 

On May 5, 2016 near Rayville, Louisiana a truck equipped with a lowboy trailer was 

transporting a large farm tractor when it became high-centered on a railroad crossing [31]. The 

truck driver was not traveling his permitted route when he became lodged on the tracks, and a few 

minutes later the train collided with the trailer, causing damage to the trailer and farm tractor, as 

shown in Figure 34. 

 
Figure 34. Tractor-Lowboy Combination after the Crash [31] 

2.10.7.10 Kings Mountain, North Carolina, 2011-2012 

In Kings Mountain, North Carolina in November 2011, a train collided with a tractor-

interstate trailer lodged on a railroad crossing, as shown in Figure 35 [32-33]. The crossing has 

ñLow Ground Clearanceò and ñNo Truck Crossingò signs posted, as shown in Figure 36, but the 

truck driver did not avert his course. The crash occurred at approximately 1:30 a.m. According to 

local police, seven large tractor-trailer combination vehicles had become lodged on this crossing 

during 2011 despite posted warning signs. 
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Figure 35. Interstate Semi-trailer after the Crash with the Train [32] 

 
Figure 36. Low Ground Clearance Warning Sign Posted at Crossing [32] 
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On May 4, 2012, a few months after the first crash, another tractor-trailer became high-

centered at an adjacent grade crossing blocks away from the first [34-35]. The tractor-trailer was 

carrying bundles of cotton which were scattered after the collision with a train. The collision was 

documented on video using a phone, and the video was posted to YouTube [36]. It was the fifth 

stuck tractor-trailer to be impacted by a train at that location. Shortly after this crash, the grade 

crossing was closed while the city council and mayorôs officials determined what to do with high-

slope grade crossings. 

 

 
Figure 37. Second Train Crash at Kings Mountain, North Carolina [35] 
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Figure 38. Rail Grade Crossing Warning and Scrape Marks at Grade Crossing [35] 

2.10.7.11 Halifax, North Carolina, March 9, 2015 

An oversized flatbed trailer was transporting a modular building when it became high-

centered on a railroad crossing in Halifax, North Carolina on March 9, 2015 [7]. The trailer was 

straddling the railroad tracks, attempting to make a left-hand turn, when the warning devices 

activated. The train collided with the trailer. The locomotive and two cars derailed and fifty-five 

people were injured. 
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3 SPEED TABLE TESTING 

3.1 Introduction  

Computer simulation modeling of large trucks and trailers traversing grade crossings was 

conducted as part of this research study. However, before conducting the simulations, baseline 

testing was performed to evaluate suspension properties, dynamic trailer and truck movements, 

and vehicle accelerations when traversing a sample rail grade crossing geometry. Five drive-over 

speed table tests were performed on September 21, 2017 at the MwRSF Outdoor Test Site. Test 

nos. UTCRS-1 through UTCRS-4 were analyzed and are discussed in this chapter. Test no. 

UTCRS-5 was not analyzed due to technical difficulties during the test. 

3.2 Test Facility 

The Outdoor Test Site is located at the Lincoln Air Park on the northwest side of the 

Lincoln Municipal Airport and is approximately 5 miles (8.0 km) northwest of the University of 

Nebraska-Lincoln (UNL). 

3.3 Speed Table 

Ideally, instrumenting and evaluating trucks crossing real grade crossings is desirable. 

However, due to the difficulty and risk associated with traversing real grade crossings, researchers 

utilized a previously-constructed, tall speed table shape as a replica grade crossing geometry. A 

speed table resembles a railroad crossing, but with steeper and shorter approach slopes. The speed 

table used in test nos. UTCRS-1 through UTCRS-4 is shown in Figure 39 and the profile drawing 

is shown in Figure 40. The speed table was 30 ft (9.1 m) long and 8 in. (203 mm) tall at the highest 

point, with 10-ft (3.0-m) long approach and departure slopes with grades of 6.67 percent on each 

side. 
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Figure 39. Speed Table for Test Nos. UTCRS-1 through UTCRS-4 

 
Figure 40. Speed Table Dimensions ft-in. (mm) 

3.4 Test Vehicle 

The Crete Carrier Corporation, located in Lincoln, Nebraska, supplied a 2018 International 

semi-truck, a 2013 Wabash van trailer, and a professional driver for a day to perform test nos. 

UTCRS-1 through UTCRS-4. The tractor-trailer is shown in Figure 41, and vehicle dimensions 

are shown in Figure 42. Measurements which were not recorded are denoted with ñn/a,ò as shown 

in Figure 42. 

Portable truck scales were utilized to weigh the tractor-trailer. Each wheel or dual wheels, 

on both the truck and trailer, were weighed, as shown in Figure 43. The total weight of the vehicle 

was 70,650 lb (32,046 kg) and each axle weight is shown in Figure 42. 

In addition to measuring and weighing the tractor-trailer, 3D scans of the test vehicle were 

taken using a Faro Focus X130 to produce highly-accurate vehicle geometries for post-test 

references. The scans were analyzed and registered using the Scene program and the results are 

shown in Figure 44. Square, black- and white-checkered targets were placed on the vehicle for 
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reference to be viewed from the high-speed digital video cameras and aid in the video analysis, as 

shown in Figure 45. 

 

 

 
Figure 41. Crete Carrier Tractor-Trailer 
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Figure 42. Vehicle Dimensions, Test Nos. UTCRS-1 through UTCRS-4 

Date:

Tractor:

VIN No.: Make: Model: Year: 2018 Odometer n/a

Trailer:

VIN No.: Make: Model: Year: 2013

Vehicle Geometry - in. (mm)

A 94 (2388) J na ###### S 102 (2591) Wheel Center Height M-1 18 3/4 (476)

B na ###### K na ###### T 40 (1016) Wheel Center Height M-2 19 1/2 (495)

C 875 (22225) L na ###### U 23 (584) Wheel Center Height M-3 19 1/2 (495)

D 50 (1270) M 28 1/2 (724) V na ###### Wheel Center Height M-4 19 1/2 (495)

E 205 (5207) N na ###### W na ###### Wheel Center Height M-5 20 (508)

F 52 (1321) O 10 (254) X 11 1/2 (292) Longitudinal C.G. n/a ######

G 411 (10439) P 82 5/8 (2099) Y 18 3/4 (476) Vertical C.G. not measured or recorded

H 50 (1270) Q 73 (1854) Z na ###### Engine Type:

I 107 (2718) R 77 1/2 (1969) Engine Size:

Transmission Type:

Ballast Weight: ######

M-1 5900 (2676) 5650 (2563) 11550 (5239) Ballast Vertical C.G. ######

M-2 7700 (3493) 7600 (3447) 15300 (6940) Dummy Data

M-3 6700 (3039) 7700 (3493) 14400 (6532) Type:

M-4 7300 (3311) 6900 (3130) 14200 (6441) Mass:

M-5 7400 (3357) 7800 (3538) 15200 (6895) Seat Position:

M-Total 35000 (15876) 35650 (16171) 70650 (32046)

9/21/2017 Test Number: UTCRS

International n/an/a

Wabash TRA/REM Vann/a

n/a

Right Totals

Diesel

Automatic

n/aLeftWeights - lbs (kg)

Note any damage prior to test:

n/a

n/a

n/a

n/a

n/a
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Figure 43. Portable Heavy Duty Truck Scales Weighing the Crete Carrier Tractor-Trailer 

 
 

 
Figure 44. 3D Scan of the Crete Carrier Tractor-Trailer 



June 29, 2018  

MwRSF Report No. TRP-03-392-18 

64 

 
Figure 45. Crete Carrier Tractor-Trailer with Target Stickers 

The tractor was equipped with air ride suspension, as shown in Figure 46. The trailer was 

equipped with leaf spring suspension. Measurements were taken of the right rear leaf spring, 

shown in Figure 47. The distance from eyelet to eyelet was 43¾ in. (1.1 m), distance E in Figure 

48. The vertical distance between the eyelet and the bottom of the spring was 6 in. (152 mm). The 

thickness of each leaf was ¾ in. (19 mm), totaling 2¼ in. (57 mm), noted as distance D in Figure 

48. 

 
Figure 46. Air Ride Suspension on the Crete Carrier Tractor 
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Figure 47. Leaf Springs on the Right Rear Wheel of the Crete Carrier Trailer 

 
Figure 48. Leaf Spring Diagram 

3.5 Data Acquisition System 

3.5.1 Accelerometer 

A VC4000 accelerometer was attached to the trailer, as shown in Figure 49. The 

accelerometer collected various data: acceleration in the x, y, and z directions, compass degrees, 

GPS speed, GPS distance, GPS latitude and longitude in degrees, pitch rate, and yaw rate. The 

collected acceleration data was filtered using a CFC-180 filter. A customized Microsoft Excel 

worksheet was used to analyze and plot the accelerometer data. Plots of longitudinal, lateral, and 

vertical change in displacement, change in velocity, and acceleration are shown in Appendix C. 
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Figure 49. VC4000 Accelerometer Mounted on Trailer 
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3.5.2 Digital Photography 

Six GoPro digital video cameras were utilized to film tests nos. UTCRS-1 through UTCRS-

4. Camera details, camera operating speeds, and a schematic of the camera locations relative to the 

system are shown in Figure 50. The high-speed videos were analyzed using TEMA Motion and 

RedLake MotionScope software programs. A Nikon digital still camera was used to document test 

conditions. 

 

No. Type 
Operating Speed 

(frames/sec) 

GP-7 GoPro Hero 4 240 

GP-9 GoPro Hero 4 120 

GP-10 GoPro Hero 4 240 

GP-15 GoPro Hero 4 240 

GP-16 GoPro Hero 4 120 

GP-18 GoPro Hero 4 120 

 

Figure 50. Camera Locations, Types, and Speeds, Test Nos. UTCRS-1 through UTCRS-4 
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3.6 Weather Conditions 

Test nos. UTCRS-1 through UTCRS-4 were conducted on September 21, 2017 at 

approximately 1:30 p.m. The weather conditions as per the National Oceanic and Atmospheric 

Administration (station 14939/LNK) were reported and are shown in Table 4. 

Table 4. Weather Conditions, Test Nos. UTCRS-1 through UTCRS-4 

Temperature 93° F 

Humidity 47 % 

Wind Speed 25 mph 

Wind Direction 160° from True North 

Sky Conditions Sunny 

Visibility  10 Statute Miles 

Pavement Surface Dry 

Previous 3-Day Precipitation  0.27 in. 

Previous 7-Day Precipitation  0.45 in. 

 

3.7 Beginning and End of Test Determination 

The beginning of each test, or time 0 for each test, was when the tractor front tires contacted 

the speed table, shown in Figure 51. Each test ended when the trailer rear tires contacted the 

ground, or when the trailer rear tires lost contact with the speed table, shown in Figure 52. 

 
Figure 51. Beginning of Test for Test Nos. UTCRS-1 through UTCRS-4 
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Figure 52. End of Test for Test Nos. UTCRS-1 through UTCRS-4 

3.8 Test Procedure 

The test plan is outlined in Figures 53 through Figure 54. Test nos. UTCRS-1 and UTCRS-

2 had a targeted speed of 5 mph (8.0 km/h). Test nos. UTCRS-3 and UTCRS-4 had a targeted 

speed of 10 mph (16.1 km/h). 

Targets were placed on the tractor-trailer to measure vertical displacements of the vehicle 

with video analysis software. The target locations and names are shown in Figures 55 and 56, 

respectively. Dimensions which were not collected were denoted with ñn/a,ò as shown in Figure 

55. 
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Figure 53. UTCRS Large Truck Drive-Over Test Plan ï Page 1 
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Figure 54. UTCRS Large Truck Drive-Over Test Plan ï Page 2 
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Figure 55. Target Locations for Test Nos. UTCRS-1 through UTCRS-4 

 
Figure 56. Target Names for Test Nos. UTCRS-1 through UTCRS-4 

A n/a G n/a M n/a

B n/a H n/a N n/a

C n/a I n/a O+M 411(10439)

D n/a J n/a P 49 (1245)

E n/a K 57 (1448) Q 67 (1702)

F n/a L 51.5(1308)

TARGET GEOMETRY-- in. (mm)

TEST #: UTCRS Vehicle: International n/a
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3.9 Data Processing 

A total of six videos were recorded for each test. Only two cameras were placed on the side 

of the trailer which had the targets, the view shown in Figure 57 and one wider view. The camera 

capturing the wider view was not perpendicular to the truck and was far enough away from the 

truck that video analysis was not able to accurately track all the targets throughout the entire test. 

Therefore, the view shown in Figure 57 was used to determine vertical displacement of the trailer. 

The vertical displacement from video analysis was calculated by subtracting the original 

target height at the beginning of the video from the height at subsequent times. Because the video 

view is only as wide as the speed table, the first trailer target height is slightly elevated, as the 

vehicle has already begun its ascent of the speed table, as shown in Figure 57. Due to the narrow 

view, the calculated vertical displacement of the trailer targets may be slightly lower than the actual 

vertical displacement. 

 
Figure 57. Video Analysis with Target First Position Slightly Elevated 
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3.10 Test No. UTCRS-1 

The tractor-trailer traversed the speed table at an average speed of 8.5 mph (13.7 km/h). A 

sequential description of the impact events is contained in Table 5 and sequential photographs are 

shown in Figure 58. 

Data collected during test no. UTCRS-1 with the VC4000 accelerometer was analyzed and 

the resulting graphs are shown in Appendix C, Figures C-1 through C-9. These graphs include 

longitudinal, lateral, and vertical acceleration, change in velocity, and change in displacement. 

GPS longitude and latitude data was collected with the VC4000 and input into Google 

Earth. The position points were overlaid on a map of the test site to illustrate the vehicle trajectory, 

shown in Figure 59, in addition to an outline of the speed tableôs approximate location. 

The vertical displacement of targets Trailer 3 and Trailer 4 were tracked with video analysis 

software and graphed. These two targets were placed on either side of the accelerometer, and the 

resulting displacements were compared with the accelerometerôs vertical displacement, as shown 

in Figure 60. The displacement magnitude for the targets and accelerometer were very similar. The 

maximum vertical displacements from video analysis and the accelerometer were 7.26 in. (184 

mm) and 7.03 in. (179 mm), respectively. The test lasted for approximately 7.25 seconds. 

Table 5. Sequential Description of Events, Test No. UTCRS-1 

TIME 

(sec) 
EVENT 

0.000 Tractorôs front tires contacted the speed table. 

4.408 Trailerôs front tires contacted the speed table. 

6.583 Trailerôs front tires contacted the ground. 

6.958 Trailerôs rear tires lost contact with the speed table. 
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0.000 sec 

 
2.617 sec 

 
4.408 sec 

 
5.667 sec 

 
6.583 sec 

 

Figure 58. Sequential Photographs, Test No. UTCRS-1 



June 29, 2018  

MwRSF Report No. TRP-03-392-18 

76 

 
Figure 59. GPS Data Overlaid on Google Earth Image of the Test Site, Test No. UTCRS-1 

 
Figure 60. Vertical Displacement, Test No. UTCRS-1 
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3.11 Test No. UTCRS-2 

The tractor-trailer traversed the speed table at an average speed of 7.7 mph (12.4 km/h). A 

sequential description of the impact events is contained in Table 6 and sequential photographs are 

shown in Figure 61. 

Data collected during test no. UTCRS-2 with the VC4000 accelerometer was analyzed and 

the resulting graphs are shown in Appendix C, Figures C-10 through C-18. These graphs include 

longitudinal, lateral, and vertical acceleration, change in velocity, and change in displacement. 

GPS longitude and latitude data was collected with the VC4000 and input into Google 

Earth. The position points were overlaid on a map of the test site to illustrate the vehicle trajectory, 

shown in Figure 62, in addition to an outline of the speed tableôs approximate location. 

The vertical displacement of targets Trailer 3 and Trailer 4 were tracked with video analysis 

software and graphed. These two targets were placed on either side of the accelerometer, and the 

resulting displacements were compared with the accelerometerôs vertical displacement, shown in 

Figure 63. The displacement magnitude for the targets and accelerometer were very similar. The 

maximum vertical displacements from video analysis and the accelerometer were 6.32 in. (161 

mm) and 6.31 in. (160 mm), respectively. The test lasted for approximately 8.09 seconds. 

Table 6. Sequential Description of Events, Test No. UTCRS-2 

TIME 

(sec) 
EVENT 

0.000 Tractorôs front tires contacted the speed table. 

4.708 Trailerôs front tires contacted the speed table. 

7.542 Trailerôs front tires contacted the ground. 

7.783 Trailerôs rear tires lost contact with the speed table. 
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0.000 sec 

 
2.850 sec 

 
4.708 sec 

 
6.358 sec 

 
7.542 sec 

 

Figure 61. Sequential Photographs, Test No. UTCRS-2 
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Figure 62. GPS Data Overlaid on Google Earth Image of the Test Site, Test No. UTCRS-2 

 
Figure 63. Vertical Displacement, Test No. UTCRS-2 
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3.12 Test No. UTCRS-3 

The tractor-trailer traversed the speed table at an average speed of 11.7 mph (18.8 km/h). 

A sequential description of the impact events is contained in Table 7 and sequential photographs 

are shown in Figure 64. 

Data collected during test no. UTCRS-3 with the VC4000 accelerometer was analyzed and 

the resulting graphs are shown in Appendix C, Figures C-19 through C-27. These graphs include 

longitudinal, lateral, and vertical acceleration, change in velocity, and change in displacement. 

GPS longitude and latitude data was collected with the VC4000 and input into Google 

Earth. The position points were overlaid on a map of the test site to illustrate the vehicle trajectory, 

shown in Figure 65, in addition to an outline of the speed tableôs approximate location. 

The vertical displacement of targets Trailer 3 and Trailer 4 were tracked with video analysis 

software and graphed. These two targets were placed on either side of the accelerometer, and the 

resulting displacements were compared with the accelerometerôs vertical displacement, shown in 

Figure 66. The displacement magnitude for the targets and accelerometer were very similar. The 

maximum vertical displacements from video analysis and the accelerometer were 7.09 in. (180 

mm) and 8.22 in. (209 mm), respectively. The test lasted for approximately 5.40 seconds. 

Table 7. Sequential Description of Events, Test No. UTCRS-3 

TIME 

(sec) 
EVENT 

0.000 Tractorôs front tires contacted the speed table. 

3.150 Trailerôs front tires contacted the speed table. 

4.850 Trailerôs front tires contacted the ground. 

5.075 Trailerôs rear tires lost contact with the speed table. 



June 29, 2018  

MwRSF Report No. TRP-03-392-18 

81 

 
0.000 sec 

 
1.850 sec 

 
3.150 sec 

 
4.108 sec 

 
4.850 sec 

 

Figure 64. Sequential Photographs, Test No. UTCRS-3 
















































































































































































































































































































































































