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1 Introduction

This paper provides a high-level comparison of the STEAM
(“Sound from Trains Environmental Analysis Method”, FTA
(Federal Transit Administration), and FRA (Federal Railway
Administration) models with a specific focus on the emission
levels/methods.

2 Background

2.1 “STEAM”

Prepared by the Ontario Ministry of the Environment (1990)
[1], the STEAM model has been used for decades in Ontario
and across Canada for prediction of rail activity sound levels.

2.2 Federal Transit Administration (FTA)

Originally released in 1995, the FTA “Transit Noise and
Vibration Impact Assessment Manual” [2] provides an
alternative model for predicting sound levels resulting from
commuter/intercity rail activity (last updated 2018).

2.3 Federal Railway Administration (FRA)

The FRA released a similar manual in 1998 titled “High-
Speed Ground Transportation Noise and Vibration Impact
Assessment” ([3], last updated 2012) which includes
Appendix E for the assessment of freight rail activities.

2.4 Comparison of Model Variables

Rather than presenting the specific sound level relationships,
Table 1 presents a comparison of the variables that impact the
sound level predictions for each of the models.

Table 1: Comparison of Variables in the Three Models.

STEAM FRA FTA
Loco- Speed Speed Speed
motive Locos/period  Locos/period  Locos/period
“Loading” Type of Loco  Type of Loco
Throttle
Wheel-  Speed Speed Speed
Rail Veh/period Veh/period Veh/period
Type of Car Type of Car

In the FTA and FRA models, the type of locomotive/car
determines the SEL.r and as such applies a speed
independent adjustment to the emission level.
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The STEAM model includes a term for “loading” (the
number of cars per locomotive) that is unique to that model.
As loading increases, locomotive sound level also increases.

3 Modelling Inputs and Scenarios

This study focusses on the relationship of speed and type of
locomotive/car to the predicted sound level. Results are
presented as the Le¢q for a single train in a 24-hour period
(Leg2anr). To eliminate any propagation characteristics, the
reference distance of 50 ft (or 15 m) was used in this study.
The models assume a single rail segment, infinitely long
in both directions with no variation in operation (speed, etc.)

3.1 Freight Rail Scenario

For freight rail, the STEAM model is compared against the
FRA model using the “freight” parameters in Appendix E.
Both models have been analyzed using a total consist of
4 locomotives and 180 freight rail cars. Locomotives and cars
are assumed to have a length of 90 and 68 feet, respectively.

3.2 Commuter Rail Scenario

For commuter rail, the comparison is based on a typical
intercity train comprised of 1 locomotive and 12 coaches.

4 Model Results
4.1 Freight Rail Scenario

Figure 1 shows the locomotive and wheel-rail sound levels as
a function of speed for the STEAM and FRA models.
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Figure 1: Freight Locomotive and Wheel/Rail Noise as a function
of Speed

Above 30 km/hr, the shape of the locomotive sound level
relationship is largely the same (emission level from the FRA
model is approximately 7-9 dB lower than that for STEAM).
Below 30 km/hr, the locomotive models exhibit opposite
behaviour with regard to the speed relationship.

As shown in Figure 1, the wheel-rail trend is similar for
both models (FRA model exceeding the STEAM model by

Canadian Acoustics - Acoustique canadienne



as much as 3 dB at 150 km/hr). Note that the STEAM model
uses a 15.7log(S) relationship for the wheel-rail noise where
the FRA model uses a 20log(S) term.

Figure 2 shows the total source sound levels (loco plus
wheel-rail) in the freight scenario as a function of speed.
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Figure 2: Total Leg,24nr as a Function of Speed, STEAM vs. FRA

STEAM

The models agree reasonably well above 30 km/hr with
STEAM exceeding FRA by up to 3.5 dB. As above, below
30 km/hr the models diverge rapidly.

4.2 Commuter Rail Scenario

Figure 3 shows the locomotive and wheel-rail sound levels as
a function of speed for the STEAM and FTA models.
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Figure 3: Commuter Locomotive and Wheel/Rail Noise as a
function of Speed

In absolute terms, the locomotive sound models show
excellent agreement below 30 km/hr where the STEAM
model increases in sound level with decreasing speed (the
comparison here assumes a throttle setting of 1). However,
above 30 km/hr (where the STEAM relationship inverts), the
two models diverge in their predicted sound levels.

The wheel-rail sound level trend is similar for both
models in the commuter scenario. However, the absolute
sound level is greater for the STEAM model by as much as
9 dB at very low speeds (with the difference decreasing with
increasing speed).

Figure 4 shows the combined source sound levels in the
commuter scenario as a function of speed.

Note that throttle position 1 (no correction) and throttle
position 8 are both shown. Without the throttle correction (i.e.
throttle 5 or lower), the models agree well below 30 km/hr.

Above 30 km/hr, the models show a significant
divergence.

With the throttle correction (throttle 8) included, the
predicted sound levels from FTA are up to 7 dB higher than
from STEAM for speeds below 55 km/hr. Above 55 km/hr,
the STEAM predictions are higher than the FTA predictions
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Figure 4: Total Leg24nr as a function of Speed, STEAM vs. FTA

5 Discussion

The duration of a pass-by of a moving point source emitting
a constant sound level will decrease as the speed increases,
resulting in a lower time-averaged sound pressure level at a
receptor (in simple terms, a faster train spends less time in the
vicinity of the receptor than a slower train). This is reflected
in the FTA reference emission levels for passenger
locomotives and the STEAM model (below 30 km/hr), both
of which have a 10log(1/S) relationship. However, the
reference emission levels for locomotives in the FRA model
and STEAM model (above 30 km/hr) increase with
increasing speed. This implies that the sound energy emitted
by the locomotive increases with increasing speed signify-
cantly enough to compensate for the shorter pass-by duration.

This creates a significant divergence in the modelling
between the STEAM model above 30 km/hr and the FTA
model (although, it should be noted that below 30 km/hr, the
models agree very well). In general, the models are thought
not to agree well as most sound level predictions (for the
purpose of assessing noise exposure) are done at speeds in
excess of 30 km/hr.

Conversely, the FRA and STEAM models diverge below
30 km/hr but agree well in both shape and overall predicted
sound level above 30 km/hr. As above, the models are
generally in agreement in the important speed range.

6 Conclusion

With regard to the speed versus sound level relationship, the
FRA model shows better agreement with the STEAM method
above 30 km/hr (at least in terms of the shape of the
relationship).

Conversely, the FTA model shows significant
divergence from the STEAM model (above 30 km/hr).

Further study is recommended, with a focus on
commuter operation, including a comparison of both model
results with recent sound measurement data, in order to better
understand which model provides superior agreement with
real-world conditions.

References
[1] V. Schroter, Sound from Trains Environmental Analysis
Method, July 1990.

[2] A. Quagliata et al., Transit Noise and Vibration Impact
Assessment Manual, FTA Report No. 0123, September 2018.

[3] C. Hanson, J. Ross, and D. Towers, High-Speed Ground
Transportation Noise and Vibration Impact Assessment,
September 2012.

Vol. 47 No. 3 (2019) - 69



	Audiology - Audiologie
	deaf cultural identification, cochlear implants, and life satisfaction Kristen Elizebeth Mulderrig, Sean Rogers
	hearing protectors fit-testing using smartphones: preliminary data Jeremie Voix
	  Abstracts for Presentations without Proceedings Paper - Résumés des communications sans article

	Auditory Perception - Perception auditive
	listening effort in eateries Alberto Behar, Joseph Rovetti, Mohammad Abdoli, Fran Copelli, Frank Russo
	associations between musical experience and auditory discrimination Cory McKenzie, Amberley Ostevik, Bill Hodgetts, Jacqueline Cummine, Daniel Aalto
	  Abstracts for Presentations without Proceedings Paper - Résumés des communications sans article

	Bioacoustics - Bioacoustique
	features of male- and female-produced song in black-capped chickadees (poecile atricapillus) change between seasons Kimberley Ann Campbell, Stephanie Thunberg, Christopher B Sturdy
	  Abstracts for Presentations without Proceedings Paper - Résumés des communications sans article

	Building Acoustics - Acoustique du bâtiment
	generic third-octave band spectra for construction equipment Todd Busch
	radiation efficiency of cross laminated timber panels by finite element modelling Jianhui Zhou, Behzad Vafaeian, Ying-Hei Chui
	acoustical considerations for design-build mental and behavioural healthcare facilities Paul Marks
	evaluation of an indoor open space’s acoustical quality – a case study Weidong Li, Linda Drisdelle
	the case for minimum impact noise requirments in the national building code of canada Matthew Golden, Roderick Mackenzie
	complexities of curtain wall flanking transmission – a case study Kelly Kruger, Robert Ogle
	recent experience with acoustical privacy considerations in academic settings Mandy Chan, William Gastmeier
	  Abstracts for Presentations without Proceedings Paper - Résumés des communications sans article

	Engineering and Physical Acoustics - Génie acoustique et physique
	a comparative evaluation of hand-arm vibration impacts Weidong Li, Linda Drisdelle
	development and testing of an aeroacoustic wind tunnel test section Basim Al Tlua, Joana Rocha
	intentional yaw misalignment and the effects on wind turbine noise Ian Bonsma, Nathan Gara, Brian Howe
	comparison of results from the steam rail noise model to potential alternatives Ian Matthew, Anthony Amarra
	minimizing sonic boom noise to meet potential regulatory limits John Halpenny, Joana Rocha
	investigation of aircrew noise exposure due to the use of the intercom system onboard the rcaf ch-149 helicopter Victor Krupka, Sebastian Ghinet, Yong Chen, Andrew Price, Viresh Wickramasinghe, Anant Grewal
	hearing protection performance evaluation of active noise reduction headsets under high intensity noise levels Victor Krupka, Sebastian Ghinet, Viresh Wickramasinghe, Anant Grewal
	  Abstracts for Presentations without Proceedings Paper - Résumés des communications sans article

	Noise Acoustics - Bruit
	developing the port of vancouver’s port noise rating methodology Mark Bliss, Gary Mak
	innovative and feasible noise mitigation planning Amir A. Iravani, Lucas Arnold
	studying noise assessment and policies to influence noise management in quebec Jean-Philippe Migneron, Jean-François Hardy, André Potvin, Jean-Gabriel Migneron, Frédéric Hubert
	differences in sound exposure results from firearm discharge due to measurement equipment selection Peter VanDelden, Philip Tsui, Alec Medemblik
	  Abstracts for Presentations without Proceedings Paper - Résumés des communications sans article

	Speech Perception and Production - Perception et production de la parole
	production study of spanish spirantization in naturalistic speech Gracellia Purnomo, Gloria Mellesmoen, Arian Shamei, Bryan Gick
	spectral moments to describe fricative emergence of french-quebec children Carolina Salinas-Marchant, Geneviève Meloni, Andrea A.N. MacLeod
	l2 production of american english vowels in function words by spanish l1 speakers Scott James Perry, Benjamin V. Tucker
	speech perception and the role of semantic richness in processing Filip Nenadic, Matthew C. Kelley, Ryan G. Podlubny, Benjamin V. Tucker
	forced-alignment of the sung acoustic signal using deep neural nets Dallin A Backstrom, Benjamin V Tucker, Matthew C Kelley
	effects of modality and linguistic materials on memory in younger and older adults April Emily Pereira, Jenna Pattison, Kathleen Pichora-Fuller, Sherri Smith
	  Abstracts for Presentations without Proceedings Paper - Résumés des communications sans article

	Speech Production - Production de la parole
	an acoustic analysis of cannabis-intoxicated speech Arian Shamei, Sonya Bird
	the effects of outer space on vowel space Arian Shamei, Bryan Gick
	eeg-to-f0: establishing artificial neuro-muscular pathway for kinematics-based fundamental frequency control Himanshu Goyal, Pramit Saha, Bryan Gick, Sidney Fels
	measuring the dispersion of density in head and neck cancer patients' vowel spaces: the vowel dispersion index Matthew C. Kelley, Daniel Aalto
	  Abstracts for Presentations without Proceedings Paper - Résumés des communications sans article

	CAA Announcements - Annonces de l'ACA



