
NATIONAL TRANSPORTATION SAFETY BOARD 
Office of Railroad, Pipeline, and Hazardous Materials Investigations 

    Washington, D.C.  20594 

Survival Factors 

Group Chairman’s Factual Report of the Investigation1 

– Railroad Equipment Crashworthiness2 –

Report Date:   October 04, 2022 

A. Accident Information

NTSB Number:    

Location (Jurisdiction): 

Date / Approx. Time of Accident: 

Brief Synopsis: 

Train Equipment Owner / Operator: 
Railroad (Property Owner):  

Accident Site (Location): 

HWY22MH009 

Clarendon Hills, IL (DuPage County) 

May 11, 2022 / 08:16 (a.m.) CDT3 

commuter train collision with highway vehicle (box 
truck) at a highway grade crossing 

Metra / Metra 
BNSF 

BNSF Chicago Subdivision - Main Line, Track #3, 
at (approximately) MP 18.32, which occurred at the 
Prospect Street grade crossing 

--------------------------------------------------- 

Note – most photographs and video images obtained by the Survival Factors investigation are not 
included in this report, due to the volume of materials, the diverse formats of the digital media, 
as well as confidentiality considerations. 

1 Generally described, NTSB investigations are conducted pursuant to the criteria cited under 49 CFR Part 831. 
2 This Survival Factors / Crashworthiness investigation report exclusively addresses the elements and factors of the 
railroad equipment crashworthiness (locomotive and passenger coach cars), including a brief injury summarization. 
3 Central Daylight Time 
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B. Synopsis of the Accident

See Synopsis narrative, as compiled by the Investigator-in-Charge, which is available in the 
NTSB public docket. 

---------------------------------------------------- 
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ref     reference, or in reference to 
FRA    Federal Railroad Administration (see https://railroads.dot.gov) 
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IL     Illinois 
ROW    right-of-way [in the context of railroad trackage] 
SF     Survival Factors [NTSB investigation Group] 
US DOT   U.S. Department of Transportation 
USGS    United States Geological Survey (see [Internet] https://www.usgs.gov/) 
Volpe Center  Volpe National Transportation Systems Center (https://www.volpe.dot.gov) 
 

--------------------------------------------------- 
 
C.  Technical Working Group Participants4 
 
Richard M. Downs, Jr., PE 
Crashworthiness - Group Chairperson 
NTSB 
Washington, DC 20594 
 
Francis Mascarenhas 
Manager Mechanical Engineering 
Metra – Mechanical Department 
Chicago, IL 60661 
 
Leon Ferguson  
Federal Railroad Administration (FRA) 
Railroad Signal Inspector, Signal & Train Control 
Chicago, IL 60606 
 

--------------------------------------------------- 
 
D.  Details of the Investigation5 
 

1.0  Relevant Background Factors / Information 
 

1.1  Accident Scenario / Brief Summarized Characterization of the Event6 
 
The accident involved the collision of an eastbound commuter train with a northbound ‘box 
truck’ [highway vehicle], which had stopped on a highway / railroad grade crossing, in the path 

 
4 Participants of the Technical Working Group typically include [1] the Group Chairperson (NTSB investigative 
staff), [2] participants as designated by the Party to the Investigation [organizations / entities], pursuant to the 
criteria of 49 CFR 831.11, and [3] potentially other individuals as designated by other organizations / entities that 
the Technical Working Group Chairperson deems necessary and appropriate to participate in the Group 
investigation. 
5 Data and documentation of the investigation, as accrued from, or as made available to the investigation by the 
individual participants of the Crashworthiness - Technical Working Group, and/or data / documentation as made 
available to the investigation by other contributors (as individually noted), is described in this report section. 
6 Narrative was compiled based upon information identified during the on-scene phase of the investigation, as 
supplied by witness(es) and/or supporting evidence at the accident scene, as identified by NTSB investigative staff. 
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of the oncoming train.  The three occupants of the box truck departed the cab of the box truck 
shortly before the collision.  The impact of the box truck cab [driver’s door] with the front of the 
train resulted in the immediate clockwise rotation (as viewed from above) of the box truck. The 
rotation of the box truck resulted in the aft-end, left-side structure of the ‘cargo box’ to come into 
contact with the right side, sidewall structure of the lead passenger railcar of the train (a Cab 
Car), in an area immediately aft of the mid-car vestibule (right side entrance door) of that railcar.  
The box truck then separated contact with the Cab Car, to which momentum resulted in the 
movement of the box truck in an easterly direction, away from the train / grade crossing 
intersection.  The box truck wreckage came to rest adjacent to the grade crossing intersection, in 
which a fire ignited and engulfed the box truck. 
 
Upon the box truck separating contact with the Cab Car, momentum resulted in the continued 
movement of the train along the track, in which the train did not derail as a result of the collision. 
The train operator had applied the emergency brakes, in which the [lead end of the Cab Car of 
the] train came to rest about 963 feet to the east of the grade crossing.7  There was no fire 
damage to the train. 
 
The commuter train, which was in a ‘push-pull’ operation / configuration8, was comprised of 
five passenger coach railcars, in which a ‘Cab Car’ (as occupied by the train operator / engineer, 
and passengers) was located at the lead-end of the train, with a locomotive (unoccupied) located 
at the aft-end of the train.  The impact of the box truck resulted in an open breach of that Cab Car 
sidewall structure, aft of the vestibule door, which measured about 2 feet in width (top, to 
bottom), by about 9 feet in length (right side, to left side), which occurred immediately below the 
lower-level window line.  The front bulkhead structure of the Cab Car sustained collision impact 
damage, but remained intact, in which none of the other passenger cars or the locomotive 
sustained damage.   
 
A passenger of the Cab Car, who was seated immediately adjacent to the area of that Cab Car 
sidewall structure that was struck by the box truck, sustained fatal injury in the accident.  That 
passenger [fatality] was subsequently ejected through a window [opening] located at the opposite 
side of the car to where that passenger was seated, in which that passenger came to rest on the 
ground [track ballast] on the left side of the train.  Also, two passengers and two train 
crewmembers aboard the train reported injuries, which were subsequently determined to be 
minor in nature. 
 

 
7 Due to momentum, as a moving train cannot immediately stop upon an emergency braking application, the 
stopping distance was identified to be consistent with the stopping distance of a train of that weight and type of 
operation, and consistent with the observed prevailing weather condition (i.e., ‘dry’ track). 
8 A ‘push-pull’ operation is a train in which a ‘cab car’, containing a train operator’s compartment, is located at the 
lead-end of the train, in which the motive power, consisting of a locomotive (which is usually unoccupied, when the 
train operator is operating the train from the cab car), is located at the aft-end of the train.  See further “Report to the 
House and Senate Appropriations Committees: The Safety of Push-Pull and Multiple-Unit Locomotive Passenger 
Rail Operations, available at [Internet] https:// railroads.dot.gov/elibrary/report-house-and-senate-appropriations-
committees-safety-push-pull-and-multiple-unit. 
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1.2  Topic-Points Reviewed by the Crashworthiness - Technical Working Group9 
 

1.2.1  Metra – Passenger Railcar / Carbody Crashworthiness10 
 
▫ Carbody Sidewall - Structural Integrity / Intrusion Resistance 
▫ Sidewall Window Assembly11 - Securement Integrity (Retention) 
▫ Cab Car - Front Bulkhead – Structural Integrity 
▫ Cab Car - Carbody Crashworthiness – Relative to Overhaul Activity12 
 
   1.2.2  Regulation 
 
▫ Passenger Equipment Safety Standards (49 CFR Part 238) – Relative to Passenger Railcar / 

Carbody Crashworthiness, and associated / contributory regulations (as further described). 
 

1.3  Locality of the Accident / Civil Jurisdiction, and Property Identification13 
 
The accident occurred on the Burlington Northern Santa Fe Railway (BNSF) Main Line, Track 
#3, at (approximately) railroad milepost14 (MP) 18.32, which occurred at the Prospect Street 
grade crossing, and was proximate to the Clarendon Hills [commuter train] passenger station.  
The accident site is within the emergency services / public safety and security jurisdictions of the 
municipal services agencies of the Village of Clarendon Hills, IL.  The Village of Clarendon 
Hills is a civil municipality of DuPage County.  The accident site is within the fire protection 
district of the Village of Clarendon Hills Fire Department (CHFD), and is within the law 
enforcement jurisdiction of the Village of Clarendon Hills Police Department (CHPD).  The 
railroad track, as configured within the railroad right-of way (ROW) in this area, is property of, 
and is operated by the BNSF15 (see further § 1.4.1 in this report).   
 

1.4  Site Characterization – Pre-Accident 
 

1.4.1  Overall Physical Configuration of the Accident Site16 
 

9 Topic-points as identified by NTSB investigative staff (SF / Crashworthiness Group Chairperson), as sourced to 
the evidence / facts obtained and identified during, and subsequent to, the on-scene phase of the investigation. 
10 i.e., features / structural elements of the subject [cab car] railcar, as visually examined, and/or as documented by 
the investigation. 
11 i.e., refers to a ‘non-emergency use’ passenger railcar service window. 
12 i.e., 49 CFR Part 238 Passenger Equipment Safety Standards, and other corresponding regulation, compliance 
requirements for the cab car, as a result of overhaul activity performed [completed] on the railcar in January 2014. 
13 ref, and for further information, see [Internet] https://www.clarendonhills.us, and as further described. 
14 A Milepost refers to point along the railroad line that identifies a dimensional distance, in miles, relative to the 
designated origin reference point. 
15 ref, and for further information, see [Internet] https://www.bnsf.com. 
16 Description based upon post-recovery examination of the accident site by the Crashworthiness Group (in which 
the overall characteristics of the site likely had not changed since prior to the accident), and imagery [recorded prior 
to the event] as shown in [Internet] https://www.google.com/maps/. 
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Generally described, the accident occurred on railroad trackage in which the property was owned 
/ operated by BNSF, in which the collision occurred on Main Track number 3, which is the 
southern-most track of the triple-track BNSF mainline that is located in this area.  The BNSF 
Main Track in this area is configured generally in an east/west orientation, in which the Main 
Track number 3, which closely parallels the adjacently located Main Track number 2 and Track 
1, is tangent (straight) and has an approximately level grade.  In the area proximate to the 
collision site, the distance between the centerline of BNSF Main Track 3 and the centerline of 
Track 2 measured about 14 feet.  The Prospect Street17 grade crossing [collision site] was located 
to the immediate west of the Clarendon Hills [commuter train] passenger station18, in which a 
station platform19 was observed to be located along the immediate southern edge of the Main 
Track number 3, proximate to the commuter train station location.20 
 
See Railroad Operations and Human Performance Group - Factual Report, and Signals and 
Highway Factors - Group Factual Report, for additional information detail on the physical 
configuration of the accident site. 
 

1.4.2  Map of Accident Site  
 
A copy of an annotated segment of a USGS topographic (survey) map21, describing the general 
area proximate to the accident site, is provided in Exhibit 1. 
 

1.5  Highway Vehicle (Box Truck) – General Description22 
 
The highway vehicle [struck by the train] was identified as a 2004 International, Model 4400, 
two-axle, commercial box truck, having a Gross Vehicular Weight Rating (GVWR) of 33,000 lbs., 
which consisted of a conventional chassis cab [vehicle platform], upon which an enclosed cargo 
box was installed. 
 
See Vehicle Factors Group - Factual Report for additional information detail on the vehicle. 
 

 
17 Review of local official maps (i.e., Village of Clarendon Hills property tax maps) identified that the roadway to 
the north of the grade crossing was labeled as North Prospect Street, and that the roadway to the south of the grade 
crossing was labeled as South Prospect Street, in which the investigation also observed that the roadway (in the area 
proximate to the grade crossing) was often locally referred to as Prospect Street. 
18 Review of accident site map data, identified that the distance from the approximate point of collision (at the grade 
crossing), to the western edge of the passenger station structure (i.e., the platform canopy), measured about 160 feet. 
19 Such a platform [surface] is typically provided at a passenger station, to afford train passengers a solid surface 
upon which to walk, when boarding and disembarking a train that is servicing that station. 
20 The station platform was situated between the edge of Track 3 and the passenger station structure, in which the 
platform extended (in an east / west direction) a distance of about 1,125 feet, between an area to the immediate east 
of the grade crossing, and to the eastern end of the station platform. 
21 Excerpt from United States Geological Survey (USGS) topographic survey map, [map ref] Hinsdale Quadrangle 
(Illinois), [dated] 2021 (7.5 Minute Series, original scale 1:24,000); ref, and for further information, see [Internet] 
https://ngmdb.usgs.gov. 
22 Source: documentation of the Vehicle Factors - Technical Working Group, and on-scene police report documents. 
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 2.0  Accident Train – Owner / Operator / Technical Aspects of the Railroad Equipment 
 
The accident involved a commuter train that was owned and operated by Metra, which was being 
operated [traveling] on property of the BNSF, which was involved in a collision with a highway 
vehicle (box truck) at a highway / railroad grade crossing. 
 
 2.1  Metra - Brief Summary – Operational Background23 
 
Briefly described, “The Northeastern Illinois Regional Commuter Railroad Corporation 
(NIRCRC) is a public corporation of the State of Illinois that was authorized by [IL state] statute 
and created by Regional Transportation Authority (RTA) ordinance in 1980. The corporation, 
commonly known as Metra, is the primary operator of commuter passenger rail services in the 
six-county Chicago metropolitan area in Northeast Illinois.”.  Additionally, “Metra operates 
eleven main lines radiating from the Chicago Central Business District throughout Chicago and 
the six-county area. Diesel powered service operates on the BNSF Railway (BNSF), [and several 
other railroads located in the Chicago area]”.24 
 
Metra is a standard gauge25, Tier I [commuter rail service] Provider26, which operates local 
commuter railroad service in suburban Chicago, IL.  Metra owns the motive power 
(locomotives) and rolling stock (passenger railcars) of the railroad operations, consisting of 173 
[diesel-electric] locomotives and 861 [diesel-power drawn] passenger railcars, as distributed 
throughout the Metra system.27 
 
The accident occurred on trackage of the BNSF Chicago Subdivision - Main Line, which is 
referred to as the Metra Aurora Line, which operates commuter trains between Chicago, IL at the 
eastern end of the Line, and Aurora, IL, at the western end of the Line.  On-board train crews, for 
trains that operate on the Metra Aurora Line, are supplied by the BNSF, under a contractional 
arrangement with Metra.  
 
See Railroad Operations and Human Performance Group - Factual Report for additional 
information detail on the railroad operations.  
 
  2.2  Accident Train – Consist and Technical Specifications28 
 

 
23 ref, and for further information, see [Internet] https://metra.com/our-history, and as further described. 
24 Both narratives in this paragraph quoted from Metra 2018 State of the System; ref, and for further information see 
[Internet] https://metra.com/sites /default/files/assets/metra_state_of_the_system_2018_reduced.pdf. 
25 U.S. “standard gauge” track is 56.5 inches (143.5 cm) between the rails, as measured on straight track. 
26 ref, U.S.D.O.T, Federal Transit Administration, “Asset Type” Tier designation, and for further information, see 
[Internet] https://www.transit.dot.gov/sites/fta.dot.gov/files/transit_agency_profile_doc/2020/50118.pdf. 
27 quoted from Metra 2022 Proposed Operating & Capital Program & Budget; ref, and for further information see 
[Internet] https://metra.com/sites/default/files/inline-files/Brochure_8.5x11_ProposedBudgetBookElectronic_2022 
_VFINAL.pdf. 
28 Source: description of the accident train was sourced to observations by NTSB investigative staff (during, and 
subsequent to the on-scene phase of the investigation), and data as offered by Metra, and as further described. 
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The accident involved an eastbound, Metra commuter [passenger] train, having a Metra 
Timetable designation of Train Number 1242, which was comprised of five passenger coach 
railcars, in which a ‘Cab Car’ was positioned at the lead-end of the train, and one [diesel-electric] 
locomotive, which was positioned at the aft-end of the train.  The train was being operated, at the 
time of the accident, by a train operator who was located in the operating cab of the Cab Car, at 
the lead-end of the train, in which the locomotive was unoccupied. 
 
Generally described, the floorplan arrangement of the coach railcars consisted of a passenger 
compartment at both ends of the railcar, which was comprised of lower-level and upper-level 
seating (in which a stairway is provided to access the upper-level seating areas), and a vestibule 
area [compartment] in the center of the railcar, containing the access doors of the railcar (leading 
to/from the respective passenger compartments), and the main service doors as situated on both 
sides of the railcar. 
 
Summarized technical specifications of the Metra commuter train equipment, as involved in the 
accident, is provided in Exhibit 2. 
 
See Railroad Operations and Human Performance Group - Factual Report for additional 
information detail on the railroad equipment.  
 
  2.3  Cab Car of the Accident Train – Technical Specifications29 
 
   2.3.1  Engineering Drawings and Technical Specifications of Cab Car 8473 
 
Engineering drawings and technical specifications of Cab Car [road number] 8473, and its 
components, were made available to the Crashworthiness investigation by Metra, the content list 
of which [of that documentation] is provided in Exhibit 3. 
 
See Railroad Operations and Human Performance Group - Factual Report for additional 
information detail on the railroad equipment. 
 
   2.3.2  Cab Car Floorplan 
 
An engineering drawing, describing the floorplan of a Metra ‘Cab Car’ [coach railcar], as 
involved in the accident, was made available to the investigation by Metra, a copy of which is 
provided in Exhibit 4. 
 
 3.0  Regulation of Railroad Passenger Coach Car and Cab Car Equipment30 
 
  3.1  Overall Provisions 
 

 
29 Source: engineering drawings and technical specifications [documentation] as made available by Metra. 
30 Ref, and for further information, see 49 CFR 238 Passenger Equipment Safety Standards; available at [Internet] 
https://www.https://www.ecfr.gov/current/title-49/subtitle-B/chapter-II/part-238, and as further described. 
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Generally described, relative to the topic-points reviewed [being addressed] by the 
Crashworthiness Group investigation, regulation of passenger railroad coach car and Cab Car 
equipment is addressed under regulation provisions of the U.S. Department of Transportation 
(US DOT), as promulgated by the Federal Railroad Administration (FRA), as follows. 
 
▫ 49 CFR Part 229 Railroad Locomotive Safety Standards 
▫ 49 CFR Part 223 Safety Glazing Standards - Locomotives, Passenger Cars and Cabooses 
▫ 49 CFR Part 238 Passenger Equipment Safety Standards 
 
  3.2  Provisions of Tier I Operation 
 
The passenger railroad equipment of the train involved in the accident operated under the Tier I 
operational definition criteria31, referring to a maximum [permissible] train operation speed32, as 
stipulated under the provisions of 49 CFR Part 238 Passenger Equipment Safety Standards. 
 
Generally described, regulation of Tier I passenger railroad Cab Car equipment (i.e., of the train 
involved in the accident), relative to the topic-points of the investigation, are addressed under the 
provisions stipulated in the regulations, as follows. 
 
▫ 49 CFR 223.3 Application [of safety glazing] 
▫ Appendix A to Part 223 [Safety Glazing Standards] 
▫ 49 CFR 238.209 Forward end structure of locomotives, including cab cars and MU 

locomotives. 
▫ 49 CFR 238.217 Side structure 
▫ 49 CFR 238.221 Glazing 
 
  3.3  Language of 49 CFR 238.221 Glazing - Tier I Operation 
 
The language of the regulation under 49 CFR 238.221 Glazing, operating under the Tier I 
definition criteria, is as follows. 
 
▫ 238.221 Glazing. 

(a) Passenger equipment shall comply with the applicable Safety Glazing Standards 
contained in part 223 of this chapter, if required by that part.  

(b) Each exterior window on a locomotive cab and a passenger car shall remain in place 
when subjected to:  
(1) The forces described in part 223 of this chapter; and  

 
31 Ref, and for further information, see 49 CFR 238.5 Definitions, then Tier I; available at [Internet] https://www. 
ecfr.gov/current/title-49/subtitle-B/chapter-II/part-238#238.5. 
32 i.e., under the 49 CFR 238.5 definition, “Tier I means operating at speeds not exceeding 125 mph.”. 
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(2) The forces due to air pressure differences caused when two trains pass at the 
minimum separation for two adjacent tracks, while traveling in opposite directions, 
each train traveling at the maximum authorized speed. 

 
3.4 Language of 49 CFR 238 - Glazing Securement Provisions of Tier II and Tier III 

Operation 
   
In addition to regulation of the passenger railroad equipment of the train involved in the accident 
(i.e., the Tier I definition, as described above), the investigation identified language of the 
regulation under 49 CFR Part 238, which addressed passenger railroad equipment that is 
operated under the Tier II33 and Tier III34 operational definition criteria35, as follows (note - the 
prescriptive language of both regulation were identical). 
 

3.4.1  Tier II 
 
▫ 49 CFR 238.421 Glazing 

“Glazing securement. Each exterior window on a passenger car and a power car cab shall 
remain in place when subjected to:  

(1) The forces due to air pressure differences caused when two trains pass at the 
minimum separation for two adjacent tracks, while traveling in opposite directions, 
each train traveling at the maximum authorized speed; and  

(2) The impact forces that the glazed window is required to resist as specified in this 
section.” 

 
3.4.2  Tier III 

 
▫ 49 CFR 238.721 Glazing 

“Glazing securement. Each exterior window on a passenger car and a power car cab shall 
remain in place when subjected to:  

(1) The forces due to air pressure differences caused when two trains pass at the 
minimum separation for two adjacent tracks, while traveling in opposite directions, 
each train traveling at the maximum authorized speed; and  

(2) The impact forces that the glazed window is required to resist as specified in this 
section.” 

 
3.5 49 CFR Part 238 / Applicability Date Provision 

 

 
33 i.e., under the 49 CFR 238.5 definition, “Tier II means operating at speeds exceeding 125 mph but not exceeding 
160 mph.”. 
34 i.e., under the 49 CFR 238.5 definition, “Tier III means operating in a shared right-of-way at speeds not exceeding 
125 mph and in an exclusive right-of-way without grade crossings at speeds exceeding 125 mph but not exceeding 
220 mph.”. 
35 Ref, and for further information, see 49 CFR 238.5 Definitions, then Tier I; available at [Internet] https://www. 
ecfr.gov/current/title-49/subtitle-B/chapter-II/part-238#238.5. 
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Regulation under 49 CFR Part 238 Passenger Equipment Safety Standards, cites the following 
‘applicability date’ provision. 
▫ 49 CFR 238.3 Applicability.  The regulation is applicable to passenger equipment ordered on

or after September 8, 2000, or placed in service for the first time on or after September 9,
2002.

The investigation observed that because the Metra cab car (involved in the accident) was first 
placed in service [in 1997] prior to the applicability date of the described regulation [49 CFR 
238.3 Applicability], this railcar was not subject to the noted regulation [49 CFR Part 238 
Passenger Equipment Safety Standards].  In other words, the railcar was exempt under the 
“grandfather” provisions of the regulation.  This would also apply to the other railcars of the 
train consist, as they also were first placed in service prior to the applicability date. 

4.0 Accident Equipment Damage Characterization / Site Wreckage Distribution, and 
Relevant Factual Data 

4.1  Time of the Event Occurrence36 

The investigation identified the collision occurred at about 08:16:11 (a.m.) CDT37, on May 11, 
2022. 

4.2  Train Speed at the Time of Collision38 

The train was traveling at a reported speed of about 55 mph at the time of the accident (i.e., the 
moment of impact). 

4.3  Approximate Point of Collision and Location Where Train Came to Rest 

The point of collision was identified to be the northbound lane of the Prospect Street grade 
crossing, at the approximate point of intersection with the # 3 Main Track.  The investigation 
identified that the right front bulkhead area of the Cab Car made the initial [collision] contact 
with the area proximate to the driver’s [cab] door of the box truck, in which the ‘cargo box’ of 
the box truck was oriented to the south of the box truck cab.  Measurement identified that the 
front of the Cab Car (at the lead end of the train) came to rest about 963 feet to the east of the 
Point of Collison at the grade crossing.39 

See Technical Reconstruction Group - Factual Report for additional information detail on the 
accident site. 

36 Source: locomotive event recorder download data. 
37 Central Daylight Time 
38 Source: locomotive event recorder download data. 
39 Dimension based upon evidentiary artifact data identified during the on-scene phase of the Crashworthiness 
investigation (i.e., aerial [drone / UAV] imagery, as sourced to [developed by] the Technical Reconstruction Group). 
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4.4 Pre-recovery Examination / Damage Characterization – Railroad Equipment40 
 
A pre-recovery examination of the railroad equipment, correspondingly involved [highway] 
vehicles, and the accident site, is conducted by the investigation prior to disturbance of the 
equipment, vehicles, and/or the site.  This is performed to accurately identify and document the 
degree of damage as had been sustained by the evidentiary artifacts, as damage to the equipment 
/ vehicles, and disturbance of the site, can readily occur during the equipment recovery process.  
Also, damage(s) as sustained by the environment [ground areas] proximate to the accident site, 
are also documented during the pre-recovery examination activity (e.g., skid marks on pavement, 
ground scars at the site, displaced / damaged railroad track, or other displaced fixed objects). 
 
   4.4.1  Cab Car 8473 
 
The Crashworthiness Group conducted a pre-recovery equipment examination of Cab Car 8473 
on May 12, 2022, while the railroad equipment remained at the accident scene (i.e., where the 
train came to rest), in which the observed conditions41 of the railroad equipment are summarized 
as follows. 
 

a.  Exterior 
 
▫ Front bulkhead - panel / structure: 

- right side collision post visually appears to exhibit gouges / striations / impact batter, etc. 
to the frontal surface areas (i.e., characteristics consistent with a collision impact), and 
appears to be without overall displacement or deformation (i.e., collision post appeared 
‘intact’), 

- left side collision post visually appears not to exhibit any impact damage to the frontal 
surface areas, and appears to be without any displacement or deformation, 

- right side, front bulkhead panel surface - visually appears to exhibit gouges / striations / 
impact batter, etc. (i.e., characteristics consistent with a collision impact), 

- right side, front bulkhead panel surface - (visibly apparent, but not confirmed) slight 
amount of inward deformation to overall right-side area (i.e., unable to accurately 
measure in the field), 

- snowplow blade deformation, with right side hanging low, 
- buff plate observed to have been displaced aft, ~ 7½ inch on right side, ~ 5¾ inch on left 

side, 
- step plate observed to have been displaced upward by several inches, 
- uncoupling rod dent, 

 
40 Source: pre-recovery equipment / site examination was conducted [principally*] on 05/12/2022, by Party 
participants of the Crashworthiness Technical Working Group, with the data notations of that examination recorded 
by the Group Chairperson in the Field Notes Logbook, with technical and observational input of the 
Crashworthiness Group participants.  *A ‘preliminary’ 'site inspection was conducted by the Group Chairperson on 
the evening of 05/11/2022, in which (due to darkness) minimal site examination and documentation occurred. 
41 Note – left and right locational reference indicators are relative to the forward direction of travel. 
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- 480 [volt / electrical] junction box (exterior shell) batter / deformation, 
- sill step bent in aft direction, 
- hand brake equipment damaged, 
- right / front ‘grab iron’ - bent in aft direction deformation, 
- end structure [horizontal] cross beam - deformation, with small shards of glass resting on 

top surface, 
- cab signal receiver coil and attachment bracket deformation, 
- right side [train operator’s] mirror damaged, 
- right front ‘ditch light’ missing, 

▫ Carbody right sidewall - panel / structure: 
- train operator’s cab, right side sliding window - visible impact damage, 
- lower level, 1st window [opening] aft of Operator’s Compartment - window panel 

components observed to be loose, 
- upper level, 1st window [opening] aft of Operator’s Compartment - window panel 

components missing [except window grommet - observed hanging out window opening] 
(with remaining components found inside the car, at that window location), 

- upper level, above 2nd window [opening] aft of Operator’s Compartment - minor 
[suspected] impact striation / gouging observed on the panel surface, with similar / minor, 
less prominent impact striation / gouging above that location, 

- at the aft-side vestibule door panel; horizontal scoring of the door [metal] panel surface, 
door track assembly jammed, and rain gutter impact damage, 

- door indicator light assembly missing, 
- aft end of car - grab rail bent in aft direction, 
- aft passenger compartment, upper level, 1st window [opening] - exit / access window was 

‘pulled’, 
- aft passenger compartment, upper level, window opening - side frame [element] pushed 

inward, 
- lower level, 1st window [opening], aft of center vestibule doors - window panel [all 

components] missing (found inside the car, at that window location),  
- above the lower level, 1st window [opening], aft of center vestibule doors – Metra signage 

[attached panel] gouged and pressed inward (in a manner consistent with having had 
contact with the box truck / cargo box), 

- at a point commencing about 74 inches aft of the [aft-side of the] vestibule door frame, 
observed an open breach of the aft passenger compartment, carbody sidewall structure, 
which measured about 20 inches in width (i.e., top, to bottom), by about 111 inches in 
length (i.e., right side, to left side), which occurred immediately below the lower-level 
window line, in which debris [insulation, and sidewall materials] of the carbody sidewall 
structure was protruding from the aft-area of the breach. 

- at a point commencing about 39 inches aft of the [aft-end of the] open breach (described 
above), observed a smaller puncture (breach), which measured about 6 inches in width 
(i.e., top, to bottom), by about 4 inches in length (i.e., right side, to left side). 
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▫ Carbody left sidewall - panel / structure: 
- lower level, 2nd window [opening], aft of center vestibule doors - window panel [all 

components] missing, 
- suspected accident debris [i.e., small shards of glass, soil grit, etc.] resting on top of # 4 

axle journal box. 
▫ Carbody rear bulkhead - panel / structure: 

- No damage or anomalous conditions / characteristics were observed / recorded. 
 

b.  Interior 
 
▫ Train operator’s compartment (upper level / lead end / right side of the car): 

- on the surface of operator’s console - observed shards of glass, 
- on the surface of operator’s seat and adjacent areas - observed shards of glass, 
- on headlight access panel - observed attachment screws sheared off, 
- right side, sliding window – damaged; ‘binding’ panel movement, 

▫ Front passenger compartment: 
- Front end-door operable, 
- Right corner duct [containing airlines to cab] screws missing, 
- upper level, 1st window [opening] aft of Operator’s Compartment - window panel 

components found inside the car, at that window location), 
- Otherwise no visibly apparent damage sustained to the any of the seat-sets in this 

passenger compartment. 
▫ Vestibule compartment: 

- right side door, left door panel, horizontal scoring of the panel surface,  
- door track assembly jammed.  

▫ Rear passenger compartment: 
- a preliminary / field-examination - damage inspection and initial documentation of the 

individual seat-set assemblies, identified damage / anomalous characteristics as follows, 
starting at the lead-end of the passenger compartment, proceeding in an aft direction, in 
which: 

LL and UL respectively, designates the Lower Level and Upper Level [of the 
compartment], respectively, and  
R, and L, respectively, designates the right side, and left side, respectively, of the 
railcar (relative to the forward direction of travel), and  
the number cited corresponds to the reference location, in sequence, described (e.g., 
LL R1, would be the Lower Level, right side, 1st seat-set location, relative to the lead 
end of that compartment): 

▪ stairway (to UL) frame distorted, 
▪ UL heater duct twisted, 
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▪ damage sustained to LL R1 seat-set, 
▪ damage sustained to LL R2 seat-set, 
▪ damage sustained to LL R3 seat-set, 
▪ damage sustained to LL R4 seat-set, 
▪ damage sustained to LL R5 seat-set, 
▪ damage sustained to LL R6 seat-set, 
▪ no visibly apparent damage sustained to the seat-sets aft of the LL R6 location, 
▪ no visibly apparent damage sustained to the any of the seat-sets on the LL - L side of 

the railcar, 
▪ no visibly apparent damage sustained to the any of the seat-sets on the UL of the 

railcar, 
▪ examination of this passenger compartment, by the participants of the 

Crashworthiness Group, of the floor, walls and ceiling areas of this railcar, indicated 
that no evidentiary artifacts, which might be consistent with / suggestive of suspected 
human trauma, were observed (i.e., no blood, or tissue residue was observed). 

 
c.  Overall 

 
▫ No fire damage was observed to have been sustained by this railcar. 
▫ A number of emergency exit / responder access windows were observed to have been 

‘pulled’ (i.e., manually removed), for reasons that were not identified. 
▫ Fire extinguisher equipment, and associated hand tools (that are required [by regulation] to 

be present in the railcar), were observed to be present in this railcar. 
▫ The railcar was not derailed, and remained coupled to the adjacent railroad equipment (i.e., 

coupled to the railcar located at the aft end of this railcar). 
 

4.4.2  Remaining Equipment of the Train Consist42 
 
▫ No physical or fire damage was observed in the remaining passenger coaches or locomotive 

equipment of the train consist. 
▫ A number of emergency exit / responder access windows, in the remaining railcars of the 

train consist, were observed to have been ‘pulled’ (i.e., manually removed), for reasons that 
were not identified. 

▫ Fire extinguisher equipment, and associated hand tools (that are required [by regulation] to 
be present in the railcar), were observed to be present in the railcars. 

 
42 Source: pre-recovery equipment / site examination was conducted [principally*] on 05/12/2022, by Party 
participants of the Crashworthiness Technical Working Group, with the data notations of that examination recorded 
by the Group Chairperson in the Field Notes Logbook, with technical and observational input of the 
Crashworthiness Group participants.  *A ‘preliminary’ 'site inspection was conducted by the Group Chairperson on 
the evening of 05/11/2022, in which (due to darkness) minimal site examination and documentation occurred. 
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▫ The remaining passenger coaches and locomotive were not derailed, and all of the railcars, 
and locomotive, remained coupled to the adjacent railroad equipment. 

 
4.5 Pre-recovery Examination / Brief Damage Characterization – Highway Vehicle43 

 
The observed condition of the Highway Vehicle, as a result of the collision and subsequent fire, 
is briefly characterized as follows. 
 
▫ The wreckage of this vehicle came to rest essentially in an inverted (overturned) orientation, 

in an open-area location [on the periphery of a parking lot pavement], about 75 feet to the 
approximate east of the grade crossing. 

▫ The vehicle sustained severe impact damage and severe fire damage, resulting in [essentially 
of] only materials of the vehicle that were not consumed in the fire (i.e., only metal elements 
/ components, except for some tires that had not ignited / fully burned, rear door panel, etc.). 

▫ Apparent cargo of the vehicle was observed to be scattered about the area, proximate to 
where the vehicle [remains] came to rest, consisting of [what appeared to be] moving 
blankets / padding materials, which were not consumed in the fire. 

 
See Vehicle Factors Group - Factual Report for additional information detail on the vehicle. 
 

4.6 Pre-recovery – Characterization of the Site Condition 
 
A Technical Reconstruction Group was established at the scene, to support the investigation in 
the documentation of the wreckage distribution, as identified in the wreckage debris field at the 
accident site. 
 
An annotated aerial imagery [map]44, as sourced to [developed by] the imagery obtained 
[collected] by the Technical Reconstruction Group, describing the wreckage distribution in the 
wreckage debris field, was prepared by the investigation, which is provided in Exhibit 5. 
 

4.7  Post- recovery Examination / Damage Characterization – Railroad Equipment45 
 

 
43 Source: pre-recovery equipment / site examination was conducted [principally*] on 05/12/2022, by Party 
participants of the Crashworthiness Technical Working Group, with the data notations of that examination recorded 
by the Group Chairperson in the Field Notes Logbook, with technical and observational input of the 
Crashworthiness Group participants.  *A ‘preliminary’ 'site inspection was conducted by the Group Chairperson on 
the evening of 05/11/2022, in which (due to darkness) minimal site examination and documentation occurred. 
44 Source: aerial imagery, as made available to the investigation, from responded UAV [unmanned aerial vehicle] 
resources (also referred to as aerial ‘drones’), to which annotated data (describing select attributes / physical 
elements of the site) is correspondingly inserted in the image. 
45 Source: post-recovery equipment examination conducted on 05/12/2022, by participants of the Crashworthiness 
Group, at a secure site to which the railcar had been relocated (a Metra Railcar Maintenance facility), as an evidence 
preservation measure, with the data notations of that examination recorded in the Group Chairperson’s Field Notes 
Logbook. 
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A post-recovery examination of the railroad equipment is conducted by the investigation to 
appropriately / accurately document the accident-relevant information, upon relocation of the 
railroad equipment to a safe / secure site.  During this activity, the time can be taken to more 
closely examine / document any additional damage details and artifact characteristics, beyond 
that as had been identified during the pre-recovery examination activity, as might be contained 
within the subject railroad equipment. 
 
   4.7.1  Cab Car 8473 
 
The Crashworthiness Group conducted a post-recovery equipment examination of Cab Car 8473 
on May 13, 2022, at the Metra West 14th Street maintenance shop (in Chicago, IL), in which the 
observed conditions / characteristics of the railroad equipment are summarized as follows. 
 

a.  Exterior 
 
▫ Carbody front bulkhead - panel / structure: 

- No additional damage or anomalous conditions / characteristics were observed / recorded. 
▫ Carbody right sidewall - panel / structure: 

- No additional damage or anomalous conditions / characteristics were observed / recorded. 
▫ Carbody left sidewall - panel / structure: 

- No additional damage or anomalous conditions / characteristics were observed / recorded. 
▫ Carbody rear bulkhead - panel / structure: 

- No additional damage or anomalous conditions / characteristics were observed / recorded. 
▫ Carbody underside 46: 

- No damage or anomalous conditions / characteristics were observed / recorded. 
 

b.  Interior 
▫ Front passenger compartment: 

- No additional damage or anomalous conditions / characteristics were observed / recorded. 
▫ Vestibule compartment: 

- No additional damage or anomalous conditions / characteristics were observed / recorded. 
▫ Rear passenger compartment: 

- a damage inspection and documentation of the individual seat-set assemblies (either as a 
complete seat-set assembly, or as separated elements / components), identified damage / 
anomalous characteristics as follows, starting at the lead-end of the passenger 
compartment, proceeding in an aft direction, in which: 

 
46 The railcar was positioned atop an inspection pit, affording the opportunity to conduct a visual inspection of the 
railcar underside. 
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LL and UL respectively, designates the Lower Level and Upper Level [of the 
compartment], respectively, and  
R, and L, respectively, designates the right side, and left side, respectively, of the 
railcar (relative to the forward direction of travel), and  
the number cited corresponds to the reference location, in sequence, described (e.g., 
LL R1, would be the Lower Level, right side, 1st seat-set location, relative to the lead 
end of that compartment): 

 
▪ LL R1 seat and seatback, the elements of which had separated (the damage apparently 

resulting from the accident); removed and photo-documented, 
▪ LL R1 seat frame found bolted in place at side-frame attachment, with the pedestal 

observed to have been fractured; removed and photo-documented, 
▪ LL A window gasket (with ‘zip-strip’ still intact), found on floor at R1 seat location; 

removed and photo-documented, 
▪ LL R2 seatback and frame, the seatback remained attached with observed 

deformation at the attachment mounting holes; removed and photo-documented, 
▪ LL R2 seat-bottom cushion; removed and photo-documented, 
▪ LL R3 seat assembly (which had remained intact), 2-bolts on pedestal remained 

attached and 2-bolts on wall attachment bracket remained attached (both removed 
during this examination), right side of seatback observed to have been substantially 
‘twisted’ / bent in an aft direction (which was determined, when removed from the 
railcar, to be in excess of 45 degree, relative to a ‘flat plane’ of the seatback), tearing 
of seat bottom and seatback cushions observed; all components removed and photo-
documented, 

▪ LL R4 seat assembly, needed to remove debris (in that area) to access the attachment 
bolts (which had remained intact), to dismount the seat assembly, which was removed 
as a complete unit (i.e., elements had not separated); all components removed and 
photo-documented, 

▪ LL R5 seat assembly, needed to remove seatback to disassemble, needed to unbolt 
from pedestal, L side ‘seat handle’ elevated ~ 1 inch, pedestal bent [to the R] toward 
the aisle; all components removed and photo-documented, 

▪ LL R6 seat assembly, no visibly apparent damage, except pedestal observed to be 
bent [necessitating a repair]; component not removed [from the railcar] but was 
photo-documented, 

▪ no visibly apparent damage sustained to the seat-sets aft of the LL R6 location, 
▪  ‘light shade’ [plastic light fixture cover], above missing window opening, broken, 
▪ no visibly apparent damage sustained to the any of the seat-sets on the LL - L side of 

the railcar, 
▪ UL R1 seat and seatback, the elements of which had separated; all components 

removed and photo-documented, 
▪ no visibly apparent damage sustained to the any of the remaining seat-sets on the UL 

of the railcar. 
- Examination of this passenger compartment, by the participants of the Crashworthiness 

Group, indicated a number of potential evidentiary artifacts on the floor of the railcar, 
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which were determined (at that time) to be irrelevant to the investigation (e.g., ticket 
stubs, which were dated prior to the accident date), 

- A detailed examination of this passenger compartment, by the participants of the 
Crashworthiness Group, of the floor, walls, and ceiling areas of this railcar, indicated that 
no evidentiary artifacts, which could be suggestive of suspected human trauma, were 
observed (e.g., blood or tissue residue). 

 
c.  Exit / Rescue - Windows – ‘Pull-Tests’ Conducted 

 
Generally described, regulation under 49 CFR 238.113 Emergency window exits47, stipulate that 
passenger railcars be fitted with a certain number of windows that can be easily removed by 
person(s), without the use of tools, while inside the railcar, in case of a situation that requires 
immediate egress from the railcar, should egress through the [regular-use] service doors of that 
railcar be obstructed.  Further, generally described, regulation under 49 CFR 238.114 Rescue 
access windows48, stipulate that passenger railcars be fitted with a certain number of windows 
that can be removed, with the use of tools, from outside the railcar, in case of a situation that 
requires immediate access to the railcar interior, should access through the [regular-use] service 
doors of that railcar be obstructed.  
 
Supportive to the above (i.e., as affirmation no issue was observed in this particular railcar), the 
Crashworthiness Group elected to pursue a ‘pull-test’, of one “emergency window” [for use in 
egress from the railcar] (i.e., 49 CFR 238.113), and one “rescue access window” (i.e., 49 CFR 
238.114), as collectively installed in this railcar, to affirm that the respective windows performed 
pursuant to the respective regulations.  The location of each respective window to be pulled was 
selected at random [by the Crashworthiness Group] for the respective ‘pull-tests’ conducted.  
The ‘pull-test’ consist essentially of the removal of the respective windows, such to replicate, for 
example, an emergency situation, to which a window removal would be required (i.e., the 
respective tests would be performed by an individual, simulating a passenger, or a ‘rescuer’ [e.g., 
an emergency responder], who would proceed to remove the respective window, pursuant the 
instructions provided at each window location). 
 
Given the above, the ‘pull-test’ of one “emergency window” (located in the front passenger 
compartment, at the # 4 window location, on the left side of the railcar), and the ‘pull-test’ of one 
“rescue access window” (located at the rear passenger compartment, at the last window location, 
on the left side of the railcar), resulted in the removal of each respective window, without 
difficulty, which completed the respective tests (i.e., each window successfully ‘passed’ the 
respective ‘pull-tests’). 
 
   4.7.2  Remaining Equipment of the Train Consist 
 

 
47 ref, and for further information, see [Internet] https://www.ecfr.gov/current/title-49/subtitle-B/chapter-II/part-
238/subpart-B/section-238.113. 
48 ref, and for further information, see [Internet] https://www.ecfr.gov/current/title-49/subtitle-B/chapter-II/part-
238/subpart-B/section-238.114. 
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With no physical or fire damage, or other anomalous characteristics having been observed in the 
remaining passenger coaches or locomotive equipment of the train consist (see also § 4.4.2), no 
post-recovery damage inspection was conducted on this equipment. 
 

4.7.3 Evidentiary Artifact Located in the Wreckage Debris Field - Window 
Assembly 

 
The investigation identified that a window assembly, sourced to Cab Car 8473, had separated 
from that railcar during the accident sequence, in which the elements of the window assembly 
came to rest on the track-bed ballast, proximate to the grade crossing collision site (i.e., the area 
of which is collectively referred to as the wreckage debris field).  Personnel of the BNSF [Claims 
Department] identified that this evidentiary artifact was sourced to the Cab Car, and recovered 
the artifact from the wreckage debris field. 
 
Supportive to a documented ‘chain-of-custody’ protocol [evidentiary artifact preservation 
methodology], the elements of the artifact were ‘tagged’ (labeled with an attached identification 
tag), packaged, and securely transported to a BNSF [Claims Department] facility, in Chicago, for 
secure safekeeping (see further § 4.9.2). 
 
The [recovered] window assembly was comprised of: 
▫ two (2), rectangularly-shaped, with ‘rounded’ corners, window panel elements, each 

consisting of a ¼ inch thick polycarbonate sheet (sized for the window dimensions), and  
▫ one (1) rubber window grommet element (which, when assembled, is positioned around the 

window panel perimeter). 
 
During the post-recovery examination phase of the on-scene investigation, a visual examination 
of the [separated] window assembly (evidentiary artifact, as described above) was conducted by 
the Crashworthiness Group Chairperson, in which the observed conditions of the artifacts are 
summarized as follows. 
 
▫ Window panel elements: 

- Impact batter damage (i.e., striations, gouges, etc.) was observed in the plane surfaces of 
both window panel elements, in which the individual window panel elements were 
correspondingly otherwise undamaged (i.e., not fractured). 

▫ Window grommet element: 
- Impact batter damage (i.e., striations, gouges, etc.) was observed in the surfaces of the 

window grommet, in which the artifact was correspondingly otherwise undamaged. 
 

4.8 Volpe Center Investigative Team - Post-Recovery Inspection of Cab Car 
 
Supplemental to, and directly supportive of the FRA Party participation in the Crashworthiness 
Group investigation, a team of investigative staff of the Volpe Center conducted a post-recovery 
inspection of Cab Car 8473, the data of which was incorporated, by the Volpe Center 
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investigative team, in the Field Notes [notations] report of the post-recovery inspection activity.  
Additionally, the Volpe Center investigative staff conducted a technical review of the Overhaul 
activities as conducted on the Metra Cab Car, the data of which was incorporated in the Field 
Notes report of the post-recovery inspection activity.  Correspondingly, the Volpe Center 
investigative team made a copy of the Volpe Center - Field Notations [documentation of the 
post-recovery inspection activity] available to the Crashworthiness investigation, a copy of 
which in provided in Exhibit 6. 
 

4.9 Railroad Equipment / Evidentiary Artifact – Preservation / Securement 
 
As described (see § 4.4.1), a pre-recovery examination of the railroad equipment (i.e., the 
accident train) was conducted by the Crashworthiness Group, at the location that the train came 
to rest (at the accident site), which identified that the only damage that occurred to the train, was 
the damage sustained by the Metra Cab Car [road number] 8473 (i.e., the lead railcar of the 
train).  Correspondingly (upon conclusion of the pre-recovery railroad equipment examination), 
the balance of the train was released back to Metra, in which only Cab Car 8473, and a 
component that had separated from that railcar during the collision sequence (i.e., elements of a 
side window assembly; as further described in § 4.7.3), were secured by the investigation for 
further examination.  Observations of those evidentiary artifact preservation activities are 
summarized as follows. 
 

4.9.1  Metra Cab Car 8473 
 
A pre-recovery railroad equipment examination was conducted by the Crashworthiness Group on 
May 12, 2022 (while the railroad equipment remained at the accident scene).  At the conclusion 
of that examination, NTSB evidence preservation protocols prescribe that appropriate security / 
preservation measures be employed, to which an NTSB Evidence ‘Red Tag’ was attached to Cab 
Car 8473, by the Crashworthiness Group Chairperson, to temporarily secure the car as an 
evidentiary artifact, to help assure that it would be available to the NTSB [as follow-up support 
to the investigation].  Per the artifact preservation protocol (plan), the Red Tag was to remain 
attached to the car through the post-recovery equipment examination activity (as scheduled for 
May 13, 2022), so to have the railcar available for the subsequent examination / documentation 
processes by the NTSB Accident Reconstruction Group, which was scheduled for the following 
day. 
 
The Crashworthiness Group conducted, and concluded, the post-recovery equipment 
examination of Cab Car 8473 on May 13, 2022, at the Metra W. 14th Street maintenance shop (in 
Chicago), with the observations of that examination recorded in the Crashworthiness Field Notes 
Logbook, by the Group Chairperson.  The NTSB ‘Red Tag’ remained attached to Cab Car 8473. 
 
The Accident Reconstruction Group conducted, and concluded, the laser-scanning 
documentation activities (i.e., laser-scanning of the railcar, using a UAV - aerial drone) on May 
14, 2022, in which the NTSB Red Tag was removed from Cab Car 8473 on that day by the 
Accident Reconstruction - Group Chairperson, and was returned to the Crashworthiness Group 
Chairperson.  This Red Tag removal formally ‘conveyed’ the Cab Car, and its ‘removed’ 
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contents, back to Metra, which concluded the NTSB examination activities relative to Metra Cab 
Car 8473.49 
 

4.9.2  Window Separated from Metra Cab Car 8473 
 
A window assembly, sourced to the location [in the Cab Car] opposite to where the fatally 
injured passenger was seated50, was found to have been separated from Cab Car 8473 during the 
accident sequence, in which the elements of the window assembly came to rest on the track-bed 
ballast, proximate to the grade crossing collision site.  Personnel of the BNSF identified the 
elements of the [separated] window (where it came to rest on the track-bed ballast), and collected 
it, among the railroad ‘debris’ of Cab Car 8473 at the accident site.  Supportive to a documented 
‘chain-of-custody’ protocol [evidentiary artifact preservation methodology], the elements of the 
window assembly were ‘tagged’ (labeled with an attached identification tag) by BNSF 
personnel, packaged, and securely transported to a BNSF [Claims Department] facility, in 
Chicago, for secure safekeeping. 
 
Given that the [separated] window of Cab Car 8473 might be of further interest, at a later date, to 
the NTSB Crashworthiness - Technical Working Group, in which NTSB evidentiary artifact 
preservation protocols prescribe that appropriate security / preservation measures be employed, 
the subject window assembly of Cab Car 8473 was further secured, on May 17, 2022, as an 
NTSB evidentiary artifact, by the Crashworthiness Group Chairperson.  This securement was 
implemented by attachment of NTSB Evidence ‘Red Tags’ to the components of the window 
assembly, in which the components were placed in a locked storage locker at a BNSF [Claims 
Department] facility, in Chicago, IL, for secure safekeeping.51 
 

5.0  Medical and/or Pathology Data - On-Board the Accident Train 
 

5.1  Fatality Sustained52, 53 
 
The DuPage County, Illinois, Office of the Coroner performed the fatally injured passenger’s 
autopsy. According to the autopsy report, the cause of death was multiple traumatic injuries. 
Injuries described in the autopsy report included atlanto-occipital dissociation, punctate 
hemorrhages throughout the cerebral white matter of the brain, fractures of the sternum and 
multiple bilateral ribs, fractures of the left scapula and left clavicle, contusion of the heart, 
contusions of both lungs, lacerations of the left lung at the hilum, lacerations of the spleen, 
superficial lacerations of the right lobe of the liver, separation/fracture of the vertebral bodies of 

 
49 The evidentiary artifact securement protocol [described] was documented in an email to Metra [the designated 
participant of the Crashworthiness Group], dated May 19, 2022. 
50 i.e., the fatally injured passenger was seated directly on the opposite side of the railcar, relative to the location of 
the separated window. 
51 The evidentiary artifact securement protocol, as implemented, was documented in an email to Metra [the 
designated participant of the Crashworthiness Group], dated May 23, 2022. 
52 Source: pathology documentation as made available to the investigation by the DuPage County Coroner’s Office. 
53 Source: report narrative [verbatim], as compiled by NTSB Medical Officer, addressing a medical evaluation of the 
pathology documentation (as made available by the DuPage County Coroner’s Office). 
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the thoracic spine at T4 without apparent spinal cord laceration, separation of the spinal column 
at the level of the distal lumbar and proximal sacral vertebrae, separation of the pelvic girdle 
from the sacrum, multiple bilateral pelvic fractures, and multiple extremity fractures. 
 

5.2  Other Injuries Sustained54 
 
The investigation identified two passengers, and two train crewmembers, who were transported 
to a local medical facility, in which the degree of injury was characterized [to the investigation] 
as ‘non-life threatening‘. 
 

6.0 Cab Car 8473 Maintenance History / Prior Damage / Review of FRA Regulations 
Applicable to the Overhaul 

 
  6.1   Heavy Maintenance / Overhaul History of Cab Car 8473 
 
Cab Car 8473 was originally manufactured in 1997 by Amerail / Nippon Sharyo, as delivered to 
[the commuter rail operation that was to become] Metra.  Maintenance history and damage that 
may have occurred to railcars in the Metra fleet, are documented by Metra in the Car History 
Book [for a given railcar].  Metra also documented, in a “8473 History” report to the 
investigation, that prior to the accident, during the service life of that car, there had been “No 
major accidents or major structural repair work in car 8473 prior history.”, as sourced to the Car 
History Book [for that railcar].  
 
An overhaul (which is also referred to as a “rehabilitation” activity) of the 8473 railcar was 
completed in January of 2014, which was performed by personnel and resources of Metra.  
Metra made documentation of the Cab Car 8473 overhaul activity available to the investigation, 
as sourced to the Car History Book [for that railcar], and support documentation of the overhaul 
project.  This documentation, supportive to the overhaul project, included [1] copies of various 
Car Inspection Reports for Cab Car 8473, and [2] a copy of the “Detailed Specification for 
General Repairs to Amerail Cab Cars 8400-8478, Specification M-08-007 Revision E, Revised 
April 15th, 2010”, as well as [3] the engineering drawings of the railcar (as applicable to the 
investigation; described in § 2.3.1). 
 
Review of the overhaul activity documentation [in the received “8473 History” report] indicated 
that the project included “Install all new passenger windows”, among other steps of the project. 
The project entailed the requirement that all components / materials used in the overhaul comply 
with applicable FRA regulation (e.g., 49 CFR Part 229 Railroad Locomotive Safety Standards, 
Part 223 Safety Glazing Standards - Locomotives, Passenger Cars and Cabooses, and Part 238 
Passenger Equipment Safety Standards, as described; see § 3.1 in this report). 
 
  6.2   Review of FRA Regulations Applicable to Cab Car 8473 Overhaul Activity 
 

 
54 Source: data as identified in the Survival Factors / Fire Department Response - Group Chairman’s Factual Report 
of the Investigation (see that report fur further information detail). 
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An opportunity was afforded the FRA [designated participant of the Crashworthiness Group], to 
identify specific regulation elements, as prescribed under 49 CFR Part 238 Passenger Equipment 
Safety Standards, or other applicable regulation, to which Cab Car # 8473 needed to be in 
compliance with, upon undergoing an overhaul activity, as might be relevant to the 
investigation.55  Responsive to this, and directly supportive to the FRA [designated participant] 
participation in the Crashworthiness Group, as previously described (see § 4.8), the Volpe Center 
investigative staff, as an element of the post-recovery [Cab Car] inspection activity, conducted a 
technical review of the overhaul activities as conducted on the Metra Cab Car.  This technical 
review effort was, among other activities as described, specific to identifying compliance with 
applicable FRA regulation [upon undergoing an overhaul activity], the data of which was 
incorporated in the Field Notes Report of the post-recovery inspection activity.56   
 
Correspondingly to the above activity, the Volpe Center investigative team made a copy of the 
Volpe Center - Field Notes [documentation / report] available to the Crashworthiness 
investigation, as provided in Exhibit 6. 
 
E.  Authorship  
 
Compiled by:   // s //            Date  Oct. 04, 2022   

Richard M. Downs, Jr., P.E. 
Mechanical Engineer (Crashworthiness) 
Crashworthiness – Technical Working Group Chairperson 
System Safety Division (RPH-40) 

 
Supervisory review:     // s //          Date  Sept. 28, 2022   

Robert J. Beaton, Ph.D., CPE  
Chief, System Safety Division (RPH-40) 

------------------------------------ 

 
List of Exhibits 
 
1. Annotated segment of a USGS topographic (survey) map 
 
2. Summarized technical specifications of the Metra commuter train equipment 
 
3. Content list of engineering drawings and technical specifications of Cab Car 8473, and its 

components 
 

 
55 Ref, emails of the Crashworthiness Group Chair, to the FRA Party participant, and FRA coordinating / technical 
support staff, dated 05/15/2022, to 09/19/2022, inclusive. 
56 Data that addresses the railcar overhaul activity is provided in pages 3 – 5, inclusive, of the Volpe Center 
investigative team - Field Notes Report. 
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4. Engineering drawing, describing the floorplan of a Metra ‘Cab Car’ [coach railcar], as 
involved in the accident

5. Annotated aerial imagery [map], describing the wreckage distribution in the wreckage debris 
field

– End of Exhibits List –
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Exhibit 1.  Annotated Segment of USGS Topographic (Survey) map, Proximate to Accident Site1, 2 
 
 

 
 

1 Excerpt from United States Geological Survey (USGS) topographic survey map, [map ref] Hinsdale Quadrangle (Illinois), [dated] 2021 (7.5 Minute Series, 
original scale 1:24,000); ref, and for further information, see [Internet] https://ngmdb.usgs.gov. 
2 Annotation by NTSB (SF Group Chairperson) to describe approximate accident site location. 

Accident Site 
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Exhibit 2.  
Summarized technical specifications of the Metra commuter train equipment 
 
 
Contents 
 
▪ Cab Car # 8473 specification summary and history sheet 

▪ Specifications for the Construction of New Passenger Equipment Cars, Standard, S-034-69, 
(Adopted 1939; Advanced To Standard, 1945; Revised, 1967, 1969) 

▪ Amerail As-Built Specification, Built for Metra, for Gallery Type Push-Pull, Commuter 
Cars, [dated] April 8, 1998 

 



Car #: 8473 

Builder: Amerail/Nippon Sharyo 

Year Built: 1997 

Built in compliance to latest revisions of applicable sections of Title 49 Code of Federal 
Regulations (49 CFR) Parts 38 and 200 to 236 

The structural members of car framing are made of type 301L stainless steel (1/4 hard & ½ 
hard) & side sheathing is constructed of 301L stainless steel ½ hard. 

All parts of the structure of the car in compliance with the requirements of the AAR 
specifications for the construction of new passenger cars. Buff loading of 800,000pounds was 
resisted without permanent deformity. 

No major accidents or major structural repair work in car 8473 prior history. 

 

Car Overhaul History:  Performed January, 2014 at Metra Rock Island District 47th Car Shop 

Metra’s overhaul work scope includes the following: 

• Overhaul of 26-C airbrake system  
• Rebuild trucks 
• Install new wheelchair lifts  
• Replace interior flooring with new composite flooring 
• Install all new passenger windows 
• Install new seats that meet all the regulatory requirements of Title 49 CFR Part 

238.223 and APTA standard SS-C&S-016-99, Rev. 2  
• Upgrade interior lighting to comply with latest APTA standards  
• Install sensitive edges on all side loading doors, replace existing door system in-

kind 
• Rebuild HVAC units 
• Replace all decals/signage with new to include LLEPM 
• Install Electrical outlets - Lower Level  
• Install Passenger Emergency Intercom (PEI)   
• Replace existing LED scrolling signs with new  

 
 
 
 
 
 
 



Periodic Maintenance History 

Cab car 8473 is subjected to the following inspections per FRA regulations: 

• 229 & 238 Daily Inspections – Last performed on May 10, 2022 
• Periodic Inspection 

 229 – Last performed on April 12, 2022 (Previous was 10/14/2021) (OOS 
time from 1/13/2022 to 4/12/2022) 

• 184-day Semi-Annual Inspection 
 229 – Last performed on April 12, 2022 
 238 – Last performed on April 12, 2022 (Previous was 7/15/2021) (OOS 

time from 1/13/2022 to 4/12/2022) 
• Annual Inspection 

 229 – Last performed on April 12, 2022 (Previous was 1/14/2021) (OOS 
time from 1/13/2022 to 4/12/2022) 

 238 – Last performed on April 12, 2022 
• Quadrennial (229) Cab Air Brake Inspection – Last performed on April 12, 2022 

(Previous was 1/18/2018)  (OOS time from 1/13/2022 to 4/12/2022) 
• COT&S (238) Inspection -Last performed on April 12, 2022 (Previous was 

1/18/2018)  (OOS time from 1/13/2022 to 4/12/2022) 
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SPECIFICATIONS FOR THE CONSTRUCTION OF
NEW PASSENGER EQUIPMENT CARS

Standard

S-034-69

Adopted 1939; Advanced to Standard, 1945; Revised, 1967, 1969.

PREFACE

The specifications have been prepared on the basis that they will be used for structural design of future new
equipment and that the requirements laid down therein will not be retroactive into equipment now in service which
has been built to former accepted specifications.

BASIC FUNDAMENTALS, NEW SPECIFICATIONS

The Railway Mail Service Specifications as revised July 20, 1938, were used as the basis for these
specifications which provide for cars which my be used in trains of over 600,000 pounds light weight made up of
cars of any type of construction now being operated.

The Committee’s review of the latest Railway Mail Service Specifications resulted in the preparation of
these specifications in such a way as to more definitely establish the strength values at various locations in the car, as
follows:

(a) Trucks are required to be locked to the car body. This is for the purpose of obtaining the value of the
weight of the truck plus the shear value of the truck attachments to the car body under abnormal accidental impacts.

(b) A car structure which resists minimum static end load of 800,000 lbs. applied on center line of draft
without developing any permanent deformation in any member of the car structure. The minimum static end load of
800,000 lbs. was derived from a 400,000 lb. design load with an approximate factor of safety of 2. In meeting this
requirement, it is important that vertical deflection be kept to a minimum.

Note:—As a guide in design, it is recommended that, for materials and forms of construction now used, the
maximum vertical deflection measured at center of car and based on distance between truck centers should not
exceed 1 inch. Normal vertical deflections for cars having approximately 60 ft. distance between truck centers range
from ½ to ¾ in. for steels and different forms of steel constructions.

(c) Cars must be designed to resist a horizontal load of 500,000 lbs. applied on the buffer beam at a point
12 in. above the center line of draft. This static load was, derived from a 250,000 lb. design load employed in cars
built to Railway Mail Service Specifications with an approximate factor of safety of 2.

(d) Vertical strength requirements have been assigned to the buffer beam construction, the anti-climbing
arrangement, and the coupler carrier arrangement. All these parts are to be designed to resist vertical loads of
100,000 lbs. These requirements are to resist coupled car ends from moving vertically with respect to each other
under abnormal accidental impacts.

(e) The two main vertical end members are required to have an ultimate shear value of not less than
300,000 lbs. each at a point even with the top of the underframe to which they are attached. This requirement was
included to establish definite strength values at these points.
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SECTION 1—SCOPE

Application

(a) These specifications have been prepared on the basis that they will produce passenger cars suitable
for use with cars of all types of construction now in service and built in accordance with Railway Mail Service
Specifications, with the result that new and existing cars will satisfactorily operate together with maximum
protection under all conditions of service. These specifications provide that static end loading shall be applied
through center line of draft but must not be construed as requiring the application of end loading on the center line of
draft of existing cars constructed to Railway Mail Service Specifications.

(b) These specifications shall cover all new passenger equipment cars to operate in trains of over
600,000 pounds light weight.

SECTION 2—MATERIALS

(a) All strength members of cars shall be of all-metal construction.

(b) Where steel is specified, other approved materials producing equivalent strength of design may be
used.

(c) Where “approved materials” are referred to in this specification, it shall be understood same refers to
Association American Railroads’ standards or equivalent.

(d) Castings may be used as parts of the strength members. Such castings having a carbon content of
.25% and over must be annealed.

(e) Where built-up welded metal parts are substituted in place of castings the unit is to be stress relieved
before application.

(f) Any structural material in which the yield strength exceeds 80% of the tensile strength shall not be
used except structural material not meeting this criterion and approved by the A.A.R. Committee on Freight and
Passenger Car Construction may be used.

SECTION 3—WORKMANSHIP

All workmanship throughout the car shall conform to the best state of the art.

SECTION 4—LOADS

The car body shall be designed to carry its own dead weight in addition to the maximum specified live load
under service conditions.

SECTION 5—TRUCKS

(a) Trucks may have either built-up metal or cast frames and may be either four or six-wheel type. All
truck details and requirements shall be in accordance with the practice of the Association of American Railroads and
the railroad for whose service the cars are built.

(b) The trucks shall be locked to car body. Strength of locking means shall be not less than the equivalent
of an ultimate shear value of 250,000 lbs. and so arranged that the entire truck will lift with the car body without
disengaging the center plates. The details of the attachments shall be such as to develop the full tensile strength of the
connection.
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SECTION 6—BUFFING

(a) The car structure shall resist a minimum static end load of 800,000 lbs. at the rear draft stops ahead
of the bolster on the center line of draft, without developing any permanent deformation in any member of the car
structure. In meeting this requirement, it is important that vertical deflection be kept to a minimum.

Note:—As a guide in design, it is recommended that, for materials and forms of construction now used, the
maximum vertical deflection measured at center of car and based on distance between truck centers should not
exceed 1 in.

Normal vertical deflections for cars having approximately 60 ft. distance between truck centers range from
½ to ¾ in. for steels and different forms of steel constructions.

(b) The resistance of the center sills shall be based on a design end load of 400,000 lbs. applied along the
longitudinal center line of the car at a point midway between the center line of draft and the center line of buffer.
This resistance shall be taken by the center sill construction only.

(c) The center sill construction may be considered as supported against deflection vertically and
horizontally by the car body to the extent that the strength of the superstructure, cross-bearers and attachments are
available for this purpose.

(d) The design stress in the center sill construction shall be determined by the following formula and shall
not exceed that shown in Section 20 and modified by column and stability formulae in Section 20:

400,000 lbs. eccentricity (inches) x 400,000 lbs.
Stress (Lbs. per sq. in.) = ————— + or - ——————————————

Area (sq. in.) Section modulus

(e) The stress due to eccentric moment from the above formula may be reduced to the extent that the car
body is made available to resist this moment.

(f) Cars must be designed to resist a horizontal load of 500,000 lbs. applied along the longitudinal center
line of car at a point on the buffer beam construction 12 inches above the center line of draft without developing any
permanent deformation in any member of the car structure. The application of this load must not be distributed over
an area greater than 6 inches x 24 inches.

(g) The buffer beam construction shall be designed to resist a vertical upward thrust from the coupler
shank of 100,000 lbs. for any horizontal position of the coupler without exceeding the yield point of the construction
or of its connections to the car structure.

(h) An anti-climbing arrangement shall be applied at each end, designed so that coupled cars under full
compression shall mate in a manner which will resist one car from climbing the other. This arrangement shall resist a
vertical load of 100,000 lbs. without exceeding the yield point of its various parts or its attachment to the car
structure. Tight-lock couplers, if used, shall be considered as meeting this requirement.

(j) The coupler carrier and its connections to the car structure shall be designed to resist a vertical
downward thrust from the coupler shank of 100,000 lbs. for any horizontal position of the coupler, without exceeding
the yield points of the materials used. When a yielding type of coupler carrier is used an auxiliary arrangement shall
be provided, designed in accordance with these requirements.

SECTION 7—DETAILS

(a) All connections, except those specified in Section 18 for end construction, shall be designed for the
combined loads imposed upon them with stresses not to exceed those specified in Section 20.
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(b) The distance between centers of rivet holes shall be not less than 3 diameters of the rivet and not more
than twenty-four times the thickness of the thinnest outside member. In all cases, care should be exercised to provide
sufficient shearing and bearing area for the stresses involved and to guard against local failure between rivets. The
minimum distance between the center of the rivet role and a sheared edge shall be not less than one and one-half
times the diameter of the rivet, or where the load acts against the edge of the sheet this edge distance shall be
increased, if necessary, to develop the strength of the rivet.

(c) The use of fillers in the underframe and superstructure shall be avoided, whenever possible.

(d) All holes for rivets or bolts in the underframe, superstructure, or outside finish shall be drilled or
punched and reamed to size and fairness. No drifting of holes will be allowed. In deducting rivet or bolt holes to
obtain the net area of any section they shall he taken at 1/16 inch larger than the diameter of the rivet or bolt. The
effective area of a rivet may be taken as its area after driving.

(e) All rivets when driven must completely fill the holes and have full concentric heads.

(f) Welding which develops the required strength of the member or connection may be used in place of
riveting.

SECTION 8—CENTER SILLS

(a) Unit or built-up sills may be composed of rolled, extruded, or pressed shapes, either with or without
cover plates.

(b) A center sill of unit construction is defined as a structural member formed of one piece or of two or
more pieces joined by an approved method so as to produce the equivalent of a one-piece construction.

(c) Cast draft sills or end construction may be used with any of the above types, with adequate
connections at splices. When flange angles are used, they shall be connected to the webs so as to transfer the total
shear at any point in a distance equal to the effective depth of the sill at that point. When cover plates are used, they
must extend at least two rows of rivets at each end beyond their theoretical length or equivalent when welded.

SECTION 9—BOLSTERS AND CROSS-BEARERS

The body bolsters and cross-bearers must be provided with ample connections at center and side sills to
transmit the calculated vertical shear.

SECTION 10—FLOOR BEAMS

Transverse floor beams may be rolled, extruded, pressed, or built-up shapes, with suitable connections at
center and side sills.

SECTION 11—FLOOR SUPPORTS

Longitudinal floor supports when used shall be supported at each transverse floor member.

SECTION 12—END SILLS

The end sills my be either of rolled, extruded, or pressed shapes, built-up or cast construction with ample
connections at center and side sills. They must be designed for the maximum vertical loads to which they may be
subject and also for the assumed horizontal loads transferred from vertical end members as specified in Section 18.
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SECTION 13—COUPLERS AND DRAFT GEARS

Details of the coupler and draft gear must conform to the practice of the railroad company for which the
cars are built.

SECTION 14—BUFFING MECHANISM

Details of the buffer and buffing mechanism when used stall be in accordance with the practice of the
railroad company.

SECTION 15—LONGITUDINAL FRAME OR TRUSS FRAMING MEMBERS

In calculating the stresses in side frame, its effective depth when designed as a truss or girder may be taken
either as the distance between centers of gravity of side plate and side sill or as the distance between centers of
gravity of bottom and top chords of the girder. In the latter case the bottom member may be taken as the section
comprising side sill, belt rail, and intervening side sheet; the top member may include side plate and letter board,
provided corrections are such that all members will act together. Piers connecting the top and bottom chords above
described must be of sufficient strength to withstand the shear loads imposed upon them, with stresses not to exceed
those specified in Section 20. At side door openings the bending moment caused by the vertical shear at door posts
shall be considered as being resisted by the section above and below door opening, and the sum of the direct stresses
and those due to bending at such sections shall not exceed the stresses specified in Section 20. A sufficient proportion
of all reinforcing members added to these sections shall be extended far enough beyond the door posts at each side to
transmit their reactions to the side frame without exceeding the limit specified for stresses. The roof and underframe
systems my be considered as load carrying members to the extent of their connection to the side frame.

SECTION 16—SIDE POSTS AND BRACING

(a) For girder construction or truss construction the sum of the section moduli about a longitudinal axis,
taken at the weakest horizontal section between side sill and side plate, of all posts and braces on each side of the car
located between the body corner posts shall be not less than 0.20 multiplied by the distance in feet between the
centers of end panels.

(b) For girder construction only the sum of the section moduli, about transverse axis, taken at the
weakest horizontal section between side sill and side plate, of all posts, braces and pier panels, to the extent available,
on each side of car located between body corner posts shall be not less than 0.20 multiplied by the distance in feet
between the centers of end panels.

(c) The center of the end panel is to be considered as the point midway between the center of the body
corner post and the center of the adjacent side post.

(d) Side frame members shall also meet the stress requirements of Section 20.

SECTION 17—SHEATHING

(a) Outside sheathing of mild open-hearth steel when used flat without reinforcement (other than side
posts) in a side frame of girder construction must be not less than 1/8 inch nominal thickness. Other metals may be
used of a thickness in inverse proportion to their yield strengths.

(b) Outside metal sheathing of a lesser thickness may be used provided it is reinforced so as to produce
at least an equivalent sectional area at right angle to reinforcements as flat sheathing specified above.
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(c) For truss construction where sheathing serves no load carrying function, minimum thickness shall be
not less than 40% of that specified above.

SECTION 18—VERTICAL END MEMBERS

(a) The sum of the section moduli of all vertical end members at each end of the car shall be not less
than 65.

(b) The outside end of each car shall be provided with two main vertical members, one at each side of
the diaphragm opening. Each of these members shall have a section modulis of not less than 24.375. Each main
member shall also have an ultimate shear value of not less than 300,000 lbs. at a point even with the top of the
underframe member to which it is attached. The attachments of these members at bottom shall be sufficient to
develop their full shear value.

(c) This shear value shall he based on the area of the web, which is the depth of the member times the
web thickness times the shear strength of the material used.

(d) If reinforcement is used to provide the shear value such reinforcement shall have full value for a
distance of 18" up from the underframe connection, then taper to a point approximately 30" above the underframe
connection.

(e) The attachment of the vertical members at the top shall be adequate to resist without failure the
reactions of the members, without shear reinforcements, when assumed to be simple beams with free supports at
their ends and loaded at a point 18" above the connection to the underframe member to which they are attached with
a load sufficient to develop the yield point of the material.

(f) The remaining vertical end member requirements shall be distributed in the body end of the car. The
attachments of these members at bottom shall be sufficient to develop their full shear value. The attachments at the
top shall be determined in the same manner as proscribed above for the main end members.

(g) For cars having open end observation platform, the end construction of car body shall be as described
above and in addition there shall be two stub end members, located similarly to main vertical members on end of
platform extending to top of railing. These members shall have same shear strength value as the two main vertical
members.

(h) Cars with large end doors to which the foregoing requirements of this section do not apply, shall be
considered to meet these specifications if the doors and attachments are sufficient to develop a shear resistance
equivalent to the main members described above.

(j) The top reaction of all vertical end members may be delivered to the roof of car or to a truss, girder
or brace construction extending across the car. The structure employed must be adequate to transmit reactions from
the posts to the side framing of the car.

SECTION 19—ROOF

(a) The projected area of the portion of the roof in square feet supported by carlines divided by the sum
of the section moduli of the carlines at any section must not be more than 60.

(b) Flat roof sheets of mild open-hearth steel without reinforcements shall be of a minimum thickness of
.05 inches, adequately attached to the roof framing.

(c) Metal roof sheets of a lesser thickness my be used provided they are reinforced so as to produce at
least an equivalent sectional area at right angle to roof sheets specified above.
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SECTION 20—STRESSES

(a) All structural members shall be so designed and proportioned that the sum of the direct stresses to
which each is subject shall not exceed those stated in table below, except as modified by Section 18:

UNIT DESIGN STRESSES TO BE USED FOR ROLLED
MILD OPEN-HEARTH STEEL

Side Sills and
Center Sills Unit Construction Other than Unit

Construction
Framing
Members Bolsters

Tension 19, 200 16, 000 16, 000 12, 500
Compression 19, 200 16, 000 16, 000 12, 500
Shear 12, 000 12, 000 10, 000 8, 000
Rivets Shear 12, 000 12, 000 10, 000 10, 000
Bearing 24, 000 24, 000 20, 000 20, 000

The total combined stress in any structural members, except center sills, may exceed the above figures by
not more than 20%.

(b) Axial compression stresses in members, or elements of members, must not exceed those allowed by
the following column and stability formulae:

These formulae give a nominal safety factor of 2.0 for reasonably restrained end condition.

L = length of column center to center of connections, inches.
r = least radius of gyration of column cross section, inches.
E’ = Secant modulus of elasticity as derived from the tensile stress-strain curve.
F = maximum allowable unit stress from table above.
P = axial load (concentric), pounds.
A = area of column cross section, square inches.
π = 3.1416, constant.

Stresses described above as maximum allowable are contingent upon the ability of webs and flanges to
resist these stresses without buckling.

(c) For compression in the plane of any flat plate used as an element in the section the ability to resist
buckling shall be checked and determined by substituting the following equivalent slenderness ratios in the formula
applicable to the entire column:

For outstanding flanges: (Flat plates supported along one edge in the direction of stress) L/r = 5.0 b/t.
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For other than outstanding flanges: (Flat plates supported along both edges in the direction of stress)
L/r = 1.8 b/t.

b = flat width at right angle to direction of stress, inches.
t = thickness, inches.

The constants 5.0 and 1.8 in the above expression for the equivalent L/r give a nominal safety factor of 2.0
on reasonably restrained edge condition. Constants between these may be selected depending upon the shape of the
member and connections used.

(d) Where metals other than mild rolled open-hearth steel are used, the car structure must be at least
equal in strength to the stated specification requirements. The maximum allowable stresses shall bear the same
relation to the stresses tabulated in this Section, as the yield strength of the metal used has to the yield strength of
mild open-hearth steel, which for this comparison shall be taken as 32,000 pounds per square inch, but in no case,
except bearing, shall the maximum allowable stress exceed 40% of the minimum tensile strength of such material.
Cast metals shall be compared on same basis an structural metals; but the allowable tensile stress shall be limited to
80% of that allowable for rolled materials.

(e) Where minimum section moduli or thickness are specified they shall be adjusted in proportion to
the ratio of the yield strength of the metal used, to that of mild open-hearth steel.

(f) Where yield and shear loads are specified the size of members shall be based on the yield or ultimate
shear strength of the materials employed.

SECTION 21—SUBFLOOR

The entire car shall have metal subfloor, flat or corrugated.

SECTION 22—INSULATION

Insulation used must be such that it will not support combustion, will not absorb moisture beyond its own
weight, and when wet will not cause corrosion.

SECTION 23—VESTIBULE DOORS

Vestibule doors, exterior and interior, must be of sliding or other types which do not open inwardly or
outwardly and can be operated in emergency from inside the car.

SECTION 24—EMERGENCY SASH UNITS

Emergency escape sash, minimum of four per car and 18" x 24" minimum size, to be provided in each car at
readily accessible locations, designed so that sash cannot be dislodged except by manual operation.

SECTION 25—WRECKING TOOLS

Wrecking tool cabinet, one per car, to be located in a conspicuous place in the main body of the car and to
be easily accessible, avoiding location behind doors, etc. Cabinet to have 1/8" thick glass in door and to be equipped
with one (1) six pound sledge and one (1) four and one quarter pound axe.



Association of American Railroads
Manual of Standards and Recommended Practices S-034

________________________________________________________________________________________________________

A-III-9

SECTION 26—EMERGENCY LIGHTING

Emergency lighting must be provided in vestibules and throughout aisles and passageways, of sufficient
number and wattage to adequately illuminate car interior for safe exit. Emergency lighting to consist of an auxiliary
light housed in standard lighting fixtures or in supplementary fixture and is to come on automatically if the main
power fails. Power source for emergency lighting to be car or other batteries.
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Exhibit 3.  
Content list of engineering drawings and technical specifications of Cab Car 8473, and its 
components, as made available to the Crashworthiness investigation by Metra 
 
Railcar history: 

▪ 8473 History 
 
Railcar Carbody [equipment specifications]: 

▪ AAR C-034-69 Construction_specsfornewcarconst1967 
▪ Amerail A01 [general carbody arrangement drawings] 
▪ Amerail As-Built Specification 
▪ Amerail B01 [engineering drawing package] 
▪ Amerail B02 [engineering drawing package] 
▪ Amerail B03 [engineering drawing package] 
▪ Amerail B06 [engineering drawing package] 
▪ Amerail B08 [engineering drawing package] 
▪ Amerail B09 [engineering drawing package] 
▪ Side Frame drawings [engineering drawing package] 

 
Car overhaul: 

▪ Car 8473 Overhaul Car History Book [activities in 2014] 
▪ M-08-007_Amerail Cab Rehab_Rev_E 

 
Carbody Sidewall Window [specifications]: 

▪ 38 AM-I-W02 - Install Passenger Windows Combined 
▪ FRA Type II  AR TG 250 clear dual glazed 11-04 
▪ FRA Type II AR TG 250 tint dual glazed 11-04 

 
Coach Seat Assembly [specifications]: 

▪ 70 AM-I-S02 - Install Seats Combined 
▪ KSU-ASY-006695B 
▪ KSU-ASY-006696b 
▪ Seat Testing Documentation 
 

– End of Exhibit – 
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Exhibit 4.  
Engineering drawing, describing the floorplan of a Metra ‘cab car’ [coach railcar], as involved in 
the accident 
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Exhibit 5.  
 
Annotated aerial imagery [Site Map], describing the wreckage distribution in the wreckage 
debris field 
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Grade-Crossing / Accident Site 
(point of collision) 

Accident Train Locomotive 
(at rear of train) 

Accident Train Cab Car 
(at front of train) 

Box Truck - Wreckage Debris 

Eastern Segment of Accident Site 
 

Western Segment of Accident Site 
 

Locomotive to the left of this 
Coach Car (at rear of train) 
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Exhibit 6.  
Volpe Center investigative team - Field Notations of post-recovery cab car inspection 



Draft Field Notes: Clarendon Hills Grade Crossing Accident, Metra vs. Box Truck 

Date of Accident: May 11, 2022 

FRA IIC: Leon Ferguson 
Volpe Staff: Karina Jacobsen & Tatiana Mowry 

Date of FRA/Volpe Inspection: June 1, 2022 

 

Equipment: 

Cab Car Leading Eastbound Metra Train  

Cab car, five coaches, 1 locomotive 

Cab car #8473 

• Railroad: Metra 
• Cab Car Manufacturer: AMERAIL, American Passenger Rail Car Company in 1996 
• Walkover style seats rebuilt and tested by Kustom in 2014 
• Windows replaced in 2014 

o Two panes installed into rubber gasket; no vacuum between panes 
o Green outer pane and clear inner pane 

Box Truck 

• 2004(?) 40’ Marion dry freight box truck, being utilized as a moving truck 
• Reported as having full tank of gas; approx. 100 gallons 

 

Collision Events: 

A cab car leading Metra Eastbound Train #1242, traveling at 60.9 mph impacted a box truck obstructing 
the track at a grade crossing in Clarendon Hills 

The rear of the box truck swung around the right side of the cab car and impacted the side just behind the 
side door. 

The side wall punctured. 

One passenger fatality; seated near the impacted section of the cab car. 

 

Damage: 

Cab car 

• Front End 
o Superficial scratches along front end at the corner post 
o Plough missing 



o long thin dent just behind operator right side window approximately 143” above top of 
rail 

o side mirror deformed, pushed back and mirror missing 
• Right side:  

o Dent on left sliding door 
o Puncture located behind right side door and between the side sill and lower window 

frame 
 136” in length 
 14-24” in height 
 Vertical channels (about 19” apart) between side sill and belt rail detached and 

bent into the car, along with interior wall, insulation, etc. 
o Smaller puncture located further back 

 7-10” in length 
 4-6” in height 

• Seats 
o 1 row on the upper level damaged; removed from car during NTSB investigation 
o 5 rows on the lower level behind the right-side door damaged, R1-R5; removed from car 

during NTSB investigation  
 Seat attachments at floor and side sill show signs of inward deflection  
 Appear to have failed due to lateral intrusion of side wall pushing against them. 

o No damage to seats on left side of car but broken light cover above left side Row 4 
• Glazing 

o 1 window by left side Row 4 missing with no signs of carbody damage, interior or exterior 
o Broken light cover above Row 4; no visible signs of bodily fluids, hair, etc. 

 

Fatality: 

Informed by Metra, not observed by Volpe 

Body located on the left side of the train approximately 502 feet away from end of car. 

 



Equipment information 

 

Cab Car No. 8473 is part of a series of cars that Metra refers to as Amerail cars. The Amerail car 
series consists of 176 cars total (79 cab cars and 97 trailer cars) built by Morrison-Knudsen 
(Amerail) between 1994 and 1998. 
 
Cab Car No. 8473  
Model: CA-2G, Gallery bi-level 
Built: 1996  
Manufacturer: American Passenger Rail Car Company, AMERAIL,  
Standard: A.A.R. Standard SO-34-1969 
 
Overhaul: No. 8473 received mid-life overhaul maintenance in January 2014 at Metra’s Rock 
Island District 49th Car Shop. This overhaul work did not affect the structure of the car and the 
car does not employ any alternative compliance design / performance specifications. However, 
Metra did perform refurbishment work on the car which required certification / verification of 
compliance with 49CFR. 
 
Metra’s mid-life overhaul work scope includes the following tasks: 
 

• Overhaul of 26-C airbrake system  
• Rebuild trucks 
• Install new wheelchair lifts  
• Install rebuilt HVAC units  
• Install Electrical outlets - Lower Level  
• Install Passenger Emergency Intercom (PEI)  
• Replace existing LED scrolling signs with new scrolling signs 

 
These additional mid-life overhaul tasks require certification / verification of compliance: 
 

• Replace interior ply-metal flooring with new composite flooring. 

 
49 CFR 238.103(a)(2) requires that materials introduced in a passenger car or a 
locomotive cab, as part of any kind of rebuild, refurbishment, or overhaul of the car or 
cab, shall meet the test performance criteria for flammability and smoke emission 
characteristics as specified in Appendix B to this part, or alternative standards issued or 
recognized by an expert consensus organization after special approval of FRA under § 
238.21. 
 
Metra provided certification showing that a representative sample of combustible 
materials used, has been tested by a recognized independent testing laboratory and that 
the results show the representative sample complies with the requirements of paragraph 
(a) of this section at the time it was tested. 



 
• Install all new passenger windows.  

49 CFR 223.9(c)  Passenger cars, including self-propelled passenger cars, built, or rebuilt 
after June 30, 1980, must be equipped with certified glazing as specified in Appendix A 
to Part 223. Metra provided the manufacturer’s test verification data for each type of 
glazing material supplied for this purpose and it has been successfully tested in 
accordance with Appendix A to 49 CFR 223. 

 
• Install new seats that meet all the regulatory requirements of Title 49 CFR Part 238.233 

and APTA standard SS-C&S-016-99, Rev. 2 

The replacement of seats required compliance with 49 CFR 238.103(a)(2) that materials 
introduced in a passenger car or a locomotive cab, as part of any kind of rebuild, 
refurbishment, or overhaul of the car or cab, shall meet the test performance criteria for 
flammability and smoke emission characteristics as specified in Appendix B. Metra 
provided certification that a representative sample of combustible materials used, has 
been tested by a recognized independent testing laboratory and that the results show the 
representative sample complies with the requirements of paragraph (a) of this section at 
the time it was tested. The seat replacement also required compliance with 238.233 
interior fittings and attachments, which requires the seats be fastened to the carbody to 
withstand specific forces. Metra provided a report of testing performed by Kustom 
Seating Unlimited (KSU). For purposes of showing compliance with the requirements of 
this section, the strength of a seat attachment was demonstrated through sled testing.   

 
• Upgrade interior lighting to comply with latest APTA standards  

49 CFR 238.115(b)(1) requires emergency lighting shall be provided in each passenger 
car in accordance with the minimum requirements specified in APTA PR-E-S-013-99, 
Rev. 1, “Standard for Emergency Lighting System Design for Passenger Cars,” 
Authorized October 7, 2007, or an alternative standard providing at least an equivalent 
level of safety if approved by FRA pursuant to § 238.21. Metra provided test results 
showing the lighting design complied with APTA standard PR-E-S-013-99.  

 
• Install sensitive edges on all side loading doors and replace existing door system in-kind.  

The replacement of the sensitive edges on all side loading doors requires compliance with 
49 CFR 238.103(a)(2) which requires that materials introduced in a passenger car or a 
locomotive cab, as part of any kind of rebuild, refurbishment, or overhaul of the car or 
cab, shall meet the test performance criteria for flammability and smoke emission 
characteristics as specified in Appendix B. Metra provided certification that a 
representative sample of combustible materials used in the refurbishment, has been tested 
by a recognized independent testing laboratory and that the results show the 
representative sample complies with the requirements of paragraph (a) of this section at 
the time it was tested. 

 

https://www.ecfr.gov/current/title-49/section-238.21


• Replace all decals/signage/LLEPM  

Prior to January 28, 2015, federal regulations required emergency exits to be 
conspicuously and legibly marked with luminescent material on the inside of each car to 
facilitate egress. Legible and understandable operating instructions, including instructions 
for removing emergency windows, shall be posted at or near each such window exit. 
Manufacturer / supplier-provided independent laboratory certified test reports shall show 
that all tested samples of passive HPPL material, as used in the finished component 
configurations (including any cover or protective coating if used, but not including text or 
graphics) comply with the minimum luminance criterion.  
 
Metra provided certification that emergency signage and markings met the minimum 
requirements specified in 238.125 and APTA PR-PS-S-002-98, Rev. 3, “Standard for 
Emergency Signage for Egress/Access of Passenger Rail Equipment,” Authorized 
October 7, 2007, or an alternative standard providing at least an equivalent level of 
safety, if approved by FRA pursuant to § 238.21. 

 
  
Attachments: 
 

1. § 238.103 Fire safety.  

- ASTM E 119 Test Reports  
- Cab Seat 
-Passenger Seat 
- Composite Flooring material 
- Passenger Window Glazing & gasket 
- Sensitive edging material 
- Window Mask 
 

2. Emergency lighting Verification Test 
3. Manufacturer / supplier-provided independent laboratory certified test result report of     

Photoluminescent (Phosphorescent) Markings  
4. APTA Testing for Passenger Seats testing performed by KSU, for purposes of showing 

compliance with the requirements with 49CFR238.233(g) 

 

https://www.ecfr.gov/current/title-49/section-238.21
https://www.ecfr.gov/current/title-49/section-238.103
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