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Statement of Qualifications and Limitations
The attached Report (the “Report”) has been prepared by AECOM Canada Ltd.  (“AECOM”) for the benefit of the Client (“Client”) in
accordance with the agreement between AECOM and Client, including the scope of work detailed therein (the “Agreement”).

The information, data, recommendations and conclusions contained in the Report (collectively, the “Information”):

· is subject to the scope, schedule, and other constraints and limitations in the Agreement and the qualifications contained
in the Report (the “Limitations”);

· represents AECOM’s professional judgement in light of the Limitations and industry standards for the preparation of
similar reports;

· may be based on information provided to AECOM which has not been independently verified;

· has not been updated since the date of issuance of the Report and its accuracy is limited to the time period and
circumstances in which it was collected, processed, made or issued;

· must be read as a whole and sections thereof should not be read out of such context;

· was prepared for the specific purposes described in the Report and the Agreement; and

· in the case of subsurface, environmental or geotechnical conditions, may be based on limited testing and on the
assumption that such conditions are uniform and not variable either geographically or over time.

AECOM shall be entitled to rely upon the accuracy and completeness of information that was provided to it and has no obligation to
update such information.  AECOM accepts no responsibility for any events or circumstances that may have occurred since the date
on which the Report was prepared and, in the case of subsurface, environmental or geotechnical conditions, is not responsible for
any variability in such conditions, geographically or over time.

AECOM agrees that the Report represents its professional judgement as described above and that the Information has been
prepared for the specific purpose and use described in the Report and the Agreement, but AECOM makes no other representations,
or any guarantees or warranties whatsoever, whether express or implied, with respect to the Report, the Information or any part
thereof.

Without in any way limiting the generality of the foregoing, any estimates or opinions regarding probable construction costs or
construction schedule provided by AECOM represent AECOM’s professional judgement in light of its experience and the knowledge
and information available to it at the time of preparation. Since AECOM has no control over market or economic conditions, prices
for construction labour, equipment or materials or bidding procedures, AECOM, its directors, officers and employees are not able to,
nor do they, make any representations, warranties or guarantees whatsoever, whether express or implied, with respect to such
estimates or opinions, or their variance from actual construction costs or schedules, and accept no responsibility for any loss or
damage arising therefrom or in any way related thereto. Persons relying on such estimates or opinions do so at their own risk.

Except (1) as agreed to in writing by AECOM and Client; (2) as required by-law; or (3) to the extent used by governmental reviewing
agencies for the purpose of obtaining permits or approvals, the Report and the Information may be used and relied upon only by
Client.

AECOM accepts no responsibility, and denies any liability whatsoever, to parties other than Client who may obtain access to the
Report or the Information for any injury, loss or damage suffered by such parties arising from their use of, reliance upon, or
decisions or actions based on the Report or any of the Information (“improper use of the Report”), except to the extent those parties
have obtained the prior written consent of AECOM to use and rely upon the Report and the Information. Any injury, loss or damages
arising from improper use of the Report shall be borne by the party making such use.

This Statement of Qualifications and Limitations is attached to and forms part of the Report and any use of the Report is subject to
the terms hereof.

AECOM:  2015-04-13
© 2009-2015 AECOM Canada Ltd. All Rights Reserved.
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Executive Summary
AECOM Canada Ltd. (AECOM) has been retained by the City of Edmonton to update the operational noise and
vibration assessment for the planned Valley Line West light rail transit (LRT) system. The proposed line within the
study area runs along several major Edmonton roadways from east of Anthony Henday Drive to 101 St. NW.
Additionally, eleven Traction Power Substations (TPSS) along the corridor and the Maintenance and Storage Facility
(MSF), which includes its own TPSS inside the crew building, were also added to the assessment. The MSF is
proposed to be located south of the Lewis Farms Transit Centre.

The proposed line contains both stationary (TPSS and MSF) and transportation (road traffic and LRT vehicles) noise
sources. Stationary noise sources are subject to the Edmonton Community Standards By-Law (14600) by-law, while
transportation noise sources are subject to the Edmonton Urban Traffic Noise Policy (C506A).

A review of the municipal and provincial guidelines indicated that there were no specific vibration limits for the
operation of transportation and stationary noise sources. Similar to many other LRT projects in Canada, limits from
the U.S. Federal Transit Administration Noise and Vibration Impact Assessment guide (the FTA guide) were used to
assess vibration impacts.

Section 2 of this report corresponds to a stationary noise assessment of the TPSS and MSF within the study area.

The results of the stationary noise assessment indicate that the noise levels at the property lines (assessment
location as per by-law 14600) of residential and non-residential locations are expected to comply with the applicable
By-Law limits, except east of the MSF doors. However, this land is part of the transportation and utility corridor, and
no further development is expected. Therefore, no mitigation is anticipated to be required.

Section 3 of this report summarizes the assessment of predicted noise impacts during operation of the LRT along the
project corridor to abutting private back yards (the assessment location as per policy C506A).

Results indicate that noise mitigation should be further investigated for one receptor location (R028). Noise barrier
recommendations are provided in Section 3.4, and barrier extents and location can be found in Appendix B2.

Section 4 of the report summarizes the assessment of predicted vibration impacts of the LRT along the project
corridor.  The vibration assessment incorporates United States Federal Transit Administration (FTA) prediction
procedures and criteria.

Results indicate that vibration mitigation is recommended for multiple locations along the proposed corridor. Vibration
mitigation recommendations are provided in Section 4.3. Sections of LRT track requiring vibration mitigation are
shown on figures provided in Appendix B2. Vibration mitigation is not predicted to be required for the track located at
the MSF.
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1. Introduction
AECOM Canada Ltd. (AECOM) has been retained by the City of Edmonton to update the operational noise and
vibration assessment for the planned Valley Line West light rail transit (LRT) system. The proposed line within the
study area runs along several major Edmonton roadways from east of Anthony Henday Drive to 101 St. NW.
Additionally, eleven Traction Power Substations (TPSS) along the corridor and the Maintenance and Storage Facility
(MSF), which includes its own TPSS inside the crew building, were also added to the assessment. The MSF is
proposed to be located south of the Lewis Farms Transit Centre.

The proposed line contains both stationary (TPSS and MSF) and transportation (road traffic and LRT vehicles) noise
sources. Stationary noise sources are subject to the Edmonton Community Standards By-Law (14600) by-law, while
transportation noise sources are subject to the Edmonton Urban Traffic Noise Policy (C506A).

A review of the municipal and provincial guidelines indicated that there were no specific vibration limits for the
operation of transportation and stationary noise sources. Similar to many other LRT projects in Canada, limits from
the U.S. Federal Transit Administration Noise and Vibration Impact Assessment guide (the FTA guide) were used to
assess vibration impacts.
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2. LRT Operations – Stationary Source Noise Assessment

2.1 Criteria

Stationary noise sources in the City of Edmonton are subject to Part III of the Edmonton Community Standards By-
Law. Sound level limits are applicable at property lines of residential and non-residential areas for day (7:00AM to
10:00PM) and night time (10:00PM to 7:00AM) periods. Table 1 summarizes the applicable sound level limits.

Table 1: Edmonton Community Standards By-law – Part III – Sound Level Limits

Time Period Receptor Location Residential [dBA] Non-residential [dBA]

Daytime (7:00AM to 10:00PM) Property Line 65 75

Night time (10:00PM to 7:00AM) Property Line 50 60

The by-law allows for exemptions during the daytime only for noise sources operating under the following conditions
at residential property lines:

1. No greater than 70 dBA lasting a total period of time not exceeding two hours in one day;

2. No greater than 75 dBA lasting a total period of time not exceeding one hour in one day;

3. No greater than 80 dBA lasting a total period of time not exceeding 30 minutes in one day;

4. No greater than 85 dBA lasting a total period of time not exceeding 15 minutes in one day;

2.2 Stationary Noise Source Summary

Project related stationary noise sources are predicted to emanate from operations of the eleven TPSS buildings along
the project corridor, and the Lewis Farms Maintenance Facility (which includes a TPSS within the crew building).

The dominant TPSS related noise sources are the HVAC units (located on the sides of each TPSS building), and
transformer noise breakout through the TPSS walls. Each TPSS location is designed to have an approximately 4.5
metre high wall surrounding all components. Noise emissions from the TPSS buildings were sourced from a recent
LRT project located in Canada. Secondary buildings (communication, signal, electrical, and utility rooms) were
assumed to only have small comfort heating equipment, and are considered negligible near any TPSS noise.

Stationary noise sources predicted to be included at the Lewis Farms Maintenance Facility include: a compressor, a
standby generator (assumption of 400 kW with an outdoor weather enclosure and a residential grade muffler), on-site
LRT and bus movement, and indoor maintenance and wash noise intake emitting through the northern bay doors.
Noise data was obtained from similar LRT maintenance facility projects located in Canada.

Note that the standby generator is assumed to be tested for a maximum of one hour per day, during daytime hours.
As such, the generator was assessed separately from other stationary noise sources as stated in the by-law
exemptions mentioned in Section 2.1.

2.3 Points of Reception

The worst case (most exposed and closest) residential and non-residential properties closest to project stationary
sources were included in the assessment. As the criteria are property line based, noise contour lines were generated
to review all points along respective property lines. Noise receptors were placed at the property line locations with the
highest noise contour levels. These receptors are listed in Table 2, along with noise impact levels.

Figures presenting the worst case receptor locations can be found in Appendix A.
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2.4 Impact Assessment and Results

The stationary noise sources described in Section 2.2 were used as inputs to the noise impact model. Noise impacts
were predicted using the ISO 9613-2 noise prediction algorithm, implemented in the CadnaA modeling package.

The stationary source noise impacts at worst case property line receptors are presented in Table 2. Where a non-
residential receptor was more exposed (closer) to stationary source noise than a residential receptor, the closest
residential and non-residential receptors were both assessed. Where a residential receptor was closer, only the
residential receptor was assessed, as limits for residential receptors are more stringent. As stationary source facilities
(with the exception of the standby generator) are assumed to operate 24 hours a day, the night-time limits were
chosen as the overall criteria.

Table 2: Noise Assessment Results – Stationary Sources

Receptor
ID

Property Line
Type

Closest Stationary Source (s)
With Project
Noise Levels

[dBA]

Property Line
Criteria

(Night time)
[dBA]

Exceeds
Property Line
Criteria? (Y/N)

RS1A Residential
Lewis Farms Maintenance Facility – South
End

45 50 N

RS1B Residential
Lewis Farms Maintenance Facility – North
End

47 50 N

RS1C Non-Residential
Lewis Farms Maintenance Facility – North
End

60 60 N

RS1D Non-Residential1
Lewis Farms Maintenance Facility – East
End

74 60 Y

RS2 Residential TPSS – 86A Ave NW 46 50 N

RS3 Residential TPSS – 182 St 35 50 N

RS4 Residential TPSS – 169 St 41 50 N

RS5 Residential TPSS – 89 St 48 50 N

RS6 Residential TPSS – 156 St and 94A Ave 46 50 N

RS7A Residential TPSS – 156 St and Stony Plain Rd 33 50 N

RS7B Non-Residential TPSS – 156 St and Stony Plain Rd 46 60 N

RS8A Residential TPSS – 143 St 35 50 N

RS8B Non-Residential TPSS – 143 St 43 60 N

RS9 Residential TPSS – Glendora Cres. NW 43 50 N

RS10A Residential TPSS – 123 St and Stony Plain Rd 29 50 N

RS10B Non-Residential TPSS – 123 St and Stony Plain Rd 43 60 N

RS11A Residential TPSS – 116 St and 104 Ave 17 50 N

RS11B Non-Residential TPSS – 116 St and 104 Ave 47 60 N

RS12A Residential TPSS – 107 St 38 50 N

RS12B Non-Residential TPSS – 107 St 46 60 N

1 This land is part of a transportation and utility corridor, and no further development is expected.
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As mentioned in Section 2.2, the standby generator was assessed separately from other sources, with an operation
assumption of less than one hour per day. Generator noise impact to the nearest property line receptor is presented
in Table 3. As a generator location had not been determined as of time of modeling, the generator was assumed to be
located next to the maintenance building, conservatively modeled on the closest side to residential receptors.

Table 3: Noise Assessment Results – Standby Generator

Receptor ID
Property Line
Type

Closest Stationary Source (s)
With Project
Noise Levels

[dBA]

Property Line
Criteria (Night

time) [dBA]

Exceeds
Property Line
Criteria? (Y/N)

RS1A Residential
Lewis Farms Maintenance Facility –
Standby Generator

66 75 N

2.5 Conclusions and Recommendations

The results of the stationary noise source assessment indicate that the noise levels at the property lines of occupied
residential and non-residential locations are expected to comply with the applicable By-Law limits, except for a small
area of exceedance east of the maintenance area doors. However, this land is part of the transportation and utility
corridor, and no further development or access for recreation is expected. Therefore, no mitigation is anticipated to be
required.
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3. Operational Noise Assessment – Transportation Sources

3.1 Criteria

Transportation noise in the City of Edmonton is regulated by the Urban Traffic Noise Policy (C506A). The policy
provides sound level limits applicable to private back yards abutting the proposed project transportation corridor. The
policy sets a 24 hour equivalent sound level (Leq,24hr)  limit of 65 dBA for each back yard location. Noise attenuation
will be considered for back yards with predicted noise levels exceeding this limit.

3.2 Assessment Methodology

Similar to the approved Environmental Assessment, noise impacts from transportation sources were assessed using
the ISO 9613-2 noise prediction algorithm, and TNM (Federal Highway Administration Traffic Noise Model) module for
roadway sources, both implemented in the CadnaA modeling package. The noise model was based on the previous
Environmental Assessment model produced by Acoustical Consultants Inc., and updated by AECOM in 2013, with the
following updates:

· Future LRT alignment + extended length

· Future Roadway alignments

· LRT and roadway elevations

· Updated road traffic volumes(vehicles per hour) for both:

o Existing conditions (2017)

o Future “with project” traffic volumes (2047)

· Additional noise receptors

· LRT wheel squeal noise

· LRT crossover noise

3.3 Sound Source Data

3.3.1 LRT Operations

Sound level data for the LRT was sourced from the existing Environmental Assessment, which used measured LRT
noise data from existing Edmonton LRT operations, as well as existing LRT operations from Houston, Texas, USA.
These measured levels were adjusted for changes in speed along the track alignment. Trains on this line are
approximately 80 metres in length, with an average volume of 4.3 trains per hour in the daytime, and 2.6 trains per
hour during the night. LRT length, speeds, and alignment were obtained from the design team.

Crossover noise was calculated using the project light rail vehicle (LRV) sound level and applying a correction for
crossover noise from the Nordic Prediction Method for Rail Traffic Noise – NORD 2000 rail noise prediction method.
The project crossover noise levels were adjusted for expected duration (accounting for speed, vehicle length, and
service frequency) over the assessment period.

The source noise level for wheel squeal was obtained from a measurement of a LRV operated by an Ontario-based
transit agency.  Similar to the crossover noise, the level was adjusted to account for the expected duration
(accounting for speed, vehicle length, and service frequency) over the assessment period.

3.3.2 Road Traffic Noise

Road traffic noise levels were calculated using the TNM module implemented in CadnaA. Only roadways with
substantial traffic volumes along and crossing the proposed LRT corridor were modeled. The following parameters
were used as inputs to the noise model:
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· Volume data (vehicles per hour)

· Traffic speed

· Road gradient

· Road width

· Heavy truck and bus percentages

Existing traffic data was sourced through the City of Edmonton, while future 2047 traffic data was provided by the
design team. Future traffic data was provided as peak PM volumes, and was converted to annual average daily traffic
(AADT) by multiplying by a factor of 10.

To verify the traffic noise predictions, the noise model was compared with measurements of existing noise levels.
Measurements were conducted at several locations along the project corridor during the months of November and
December 2017. Receptors were then modeled in these locations, and existing traffic noise levels were calculated at
these receptors. The Leq,24hr results for both measured and calculated results were compared and can be found in
Table 4.

Table 4: Comparison of Measured vs. Modeled Noise Levels - Existing Conditions

Measurement
Location

Measured Noise
Level (Leq, 24hr) [dBA]

Calculated Noise
Level (Leq, 24hr) [dBA]

Difference
[dBA]

Notes

M1 65.3 64.8 0.5 -

M2 57.9 60.4 2.5 -

M3 63.9 65.7 1.8 -

M4 64.5 59.6 4.9
Difference may be due to construction noise across
street from monitor (Northeast corner of 142 St NW
and Stony Plain Road W intersection).

M5 58.1 59.6 1.5 -

M6 61.9 57.5 4.4
Higher measured level likely due to bus stop located
in front of residence (idling and accelerating bus
noise).

M7 63.3 58.4 4.9

Difference likely due to noise from nearby swaying
metal watering cans in the wind, located hanging on
the railing of the resident’s porch. Higher ground
reinforcement from frozen snow surface is also a
potential contributor, as well as bus acceleration
noise (nearby bus stop).

M8 62.9 61.5 1.4 -

M9 64.6 61.2 3.4

Slightly higher measured level likely due to rustling
tree near monitor. Hard packed snow on the lawn
during monitoring may also reflect sound with
greater effect than in the noise model.

M10 60 59.9 0.1 -

M11 61.9 59.8 2.1 -

M12 58.8 58.8 0 -

M13 60.3 59.8 0.5 -

M14 60.3 59.3 1 -

Results indicate that the difference in modeled and measured existing traffic noise sound levels are between 0-3 dB
at 10 of the 14 monitored locations, which is considered reasonably accurate. Other discrepancies are due to
localized and temporary effects. Figures displaying noise monitoring locations can be found in Appendix B1.
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3.4 Impact Assessment and Results

Traffic noise levels were assessed at the worst case (most exposed, closest) back yard receptors. Figures presenting
receptor locations can be found in Appendix B1.

The noise sources described in Section 3.3 were used as inputs to the noise model.  The predicted existing and
future (2047) noise impacts at each assessed receptor were then compared with the sound level limit described in
Section 3.1. Table 5 presents the existing, future, and change in predicted 24 hour equivalent noise levels at each
receptor. Noise contours of the road and LRT 24 hour equivalent noise levels have been generated and can be found
in Appendix B3.

A comparison of noise level contributions between road and LRT noise is presented in Table 6. Note that decibels are
added logarithmically, not arithmetically (e.g. the overall sound pressure level of 60 dBA and 54 dBA at a certain point
will be 61 dBA).

Table 5: Noise Assessment Results - Transportation Noise

Receptor
Existing Predicted Noise

Level (Leq, 24hr) [dBA]
Future Predicted Noise

Level (Leq, 24hr) [dBA]

Change in Predicted
Noise Level (Leq, 24hr)

[dBA]

Requirement for Noise
Mitigation Investigation

(>65 dBA)

R001 53.9 52.1 -1.8 No

R002 42.3 42.5 0.1 No

R003 43.2 44.1 0.8 No

R004 41.6 41.1 -0.4 No

R005 59.9 54.9 -5.0 No

R006 56.9 52.9 -4.0 No

R007 61.1 55.7 -5.4 No

R008 63.2 57.2 -6.0 No

R009 65.1 61.4 -3.7 No

R010 56.9 57.3 0.4 No

R011 64.1 59.6 -4.4 No

R012 57.6 59.5 1.8 No

R013 53.3 47.6 -5.7 No

R014 62.8 63.9 1.1 No

R015 64.2 62.4 -1.8 No

R016 58.7 54.9 -3.8 No

R017 56.7 55.6 -1.1 No

R018 58.0 49.1 -8.9 No

R019 65.3 61.3 -4.0 No

R020 66.2 62.1 -4.1 No

R021 65.1 59.7 -5.4 No

R022 65.7 61.8 -3.9 No

R023 53.7 51.5 -2.2 No

R024 59.5 56.2 -3.3 No

R025 58.9 57.8 -1.1 No

R026 62.5 58.3 -4.2 No

R027 61.3 62.4 1.1 No
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Receptor
Existing Predicted Noise

Level (Leq, 24hr) [dBA]
Future Predicted Noise

Level (Leq, 24hr) [dBA]

Change in Predicted
Noise Level (Leq, 24hr)

[dBA]

Requirement for Noise
Mitigation Investigation

(>65 dBA)

R028 65.5 66.7 1.2 Yes

R029 62.4 59.5 -2.9 No

R030 54.5 50.6 -3.9 No

R031 54.8 52.6 -2.2 No

R032 63.1 61.0 -2.1 No

R033 60.3 63.3 3.0 No

R034 66.3 63.4 -2.9 No

R035 46.6 44.8 -1.4 No

R036 64.9 60.5 -4.4 No

R037 60.3 56.6 -3.7 No

R038 65.5 61.8 -3.7 No

R039 65.4 61.7 -3.7 No

R040 62.5 58.1 -4.5 No

R041 39.9 42.9 2.8 No

R042 39.2 42.0 2.6 No

R043 40.5 45.0 4.3 No

R044 51.8 54.4 2.6 No

R045 48.4 49.9 1.5 No

R046 52.4 58.8 6.4 No

R047 51.2 56.8 5.6 No

R048 58.7 59.6 0.9 No

R049 58.8 59.2 0.4 No

R050 61.5 61.8 0.3 No

R051 59.6 60.7 1.1 No

R052 52.7 52.2 -0.5 No

R053 59.0 57.1 -1.8 No

R054 44.5 45.1 0.4 No

R055 45.5 44.2 -1.3 No

R056 42.8 42.4 -0.4 No

R057 49.7 51.7 -0.1 No

R058 49.2 50.8 -0.6 No

R059 50.7 52.5 -0.1 No

R060 47.4 49.1 -0.2 No

R061 54.4 44.4 0.0 No

R062 48.8 51.6 0.6 No

R063 53.0 55.8 0.4 No

R064 49.1 53.6 2.8 No

R065 39.2 48.3 8.7 No

R066 48.0 50.6 0.7 No

R067 35.6 45.2 9.5 No

R068 49.6 52.5 2.9 No
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Receptor
Existing Predicted Noise

Level (Leq, 24hr) [dBA]
Future Predicted Noise

Level (Leq, 24hr) [dBA]

Change in Predicted
Noise Level (Leq, 24hr)

[dBA]

Requirement for Noise
Mitigation Investigation

(>65 dBA)

R069 34.5 41.7 7.0 No

R070 46.7 51.4 4.6 No

R071 44.6 44.8 0.2 No

R072 46.0 45.1 -0.9 No

R073 57.4 56.7 -0.7 No

R074 57.5 56.5 -1.0 No

R075 46.8 46.0 -0.8 No

R076 47.1 48.1 1.0 No

R077 46.5 51.9 5.4 No

R078 42.0 45.8 4.0 No

R079 40.6 44.3 3.8 No

R080 42.7 46.5 3.8 No

R081 43.6 46.7 3.2 No

R082 40.9 40.8 0.0 No

R083 53.5 57.5 4.0 No

R084 39.8 40.6 0.9 No

R085 53.3 57.8 4.5 No

R086 36.3 39.2 2.9 No

R087 42.5 45.5 3.0 No

R088 47.1 49.6 2.5 No

R089 49.5 51.4 1.9 No

R090 40.2 43.9 3.7 No

R091 34.3 37.8 4.3 No

R092 43.5 45.6 3.2 No

R093 45.4 46.4 2.4 No

R094 59.6 61.6 2.0 No

R095 54.9 56.5 1.7 No

R096 53.4 55.0 1.6 No

R097 59.7 62.1 2.4 No

R098 55.3 56.5 1.2 No

R099 44.5 45.6 1.1 No

R100 56.4 57.3 0.9 No

R101 55.6 56.3 0.7 No

R102 60.6 61.8 1.2 No

R103 57.1 59.4 2.4 No

R104 60.4 63.7 3.3 No

R105 58.4 61.5 3.1 No

R106 57.6 60.6 3.0 No

R107 59.7 64.1 4.4 No

R108 58.3 62.3 4.0 No

R109 59.0 63.8 4.9 No
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Receptor
Existing Predicted Noise

Level (Leq, 24hr) [dBA]
Future Predicted Noise

Level (Leq, 24hr) [dBA]

Change in Predicted
Noise Level (Leq, 24hr)

[dBA]

Requirement for Noise
Mitigation Investigation

(>65 dBA)

R110 58.9 63.2 4.3 No

R111 59.3 63.7 4.5 No

R112 59.0 62.0 3.1 No

R113 59.7 62.3 3.8 No

R114 59.1 61.4 2.8 No

R115 59.3 61.4 2.3 No

R116 59.4 61.4 2.3 No

R117 60.4 61.8 1.6 No

R118 60.7 61.4 0.7 No

R119 59.2 61.8 2.1 No

R120 58.3 61.6 1.9 No

R121 55.7 57.6 1.5 No

R122 59.7 63.0 2.5 No

R123 57.3 60.9 2.8 No

R124 57.3 60.7 2.9 No

R125 58.4 61.8 3.3 No

R126 58.4 62.0 3.5 No

R127 59.3 63.7 4.3 No

R128 58.1 62.5 4.4 No

R129 55.8 60.1 4.3 No

R130 56.2 60.5 4.2 No

R131 58.9 61.8 2.9 No

R132 58.6 61.9 3.3 No

R133 58.9 62.4 3.5 No

R134 58.3 62.6 4.3 No

R135 58.1 62.9 4.8 No

R136 58.3 63.2 4.9 No

R137 59.0 64.7 5.7 No

R138 59.4 64.3 4.9 No

R139 57.6 61.1 3.5 No

R140 57.4 61.7 4.3 No

R141 58.7 61.9 3.2 No

R142 59.5 64.2 4.7 No

R143 60.0 63.0 3.0 No

R144 59.5 64.0 4.5 No

R145 60.3 63.0 2.7 No

R146 60.2 62.7 2.5 No

R147 59.6 62.6 3.2 No

R148 57.6 61.7 4.1 No

R1_2018 50.6 52.6 2 No

R2_2018 52.7 52.9 0.2 No
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Receptor
Existing Predicted Noise

Level (Leq, 24hr) [dBA]
Future Predicted Noise

Level (Leq, 24hr) [dBA]

Change in Predicted
Noise Level (Leq, 24hr)

[dBA]

Requirement for Noise
Mitigation Investigation

(>65 dBA)

W01 40.5 51.4 10.9 No

W02 44.6 51.7 7.1 No

W03 46.6 52.6 5.9 No

W04 46.8 52.0 5.3 No

Table 6: Noise Assessment Results – Comparison of LRT, Road Traffic, and Overall Noise Levels

Receptor
Future LRT Only

Predicted Noise Level
(Leq, 24hr) [dBA]

Future Road Traffic
Only Predicted Noise
Level (Leq, 24hr) [dBA]

Future Overall
(Road Traffic + LRT)

Predicted Noise
Level (Leq, 24hr) [dBA]

Highest Noise Contribution

R001 42.9 51.5 52.1 Road

R002 36.9 41.1 42.5 Road

R003 36.0 43.3 44.1 Road

R004 32.9 40.4 41.1 Road

R005 49.6 53.4 54.9 Road

R006 48.3 51.1 52.9 Road

R007 51.5 53.7 55.7 Road

R008 52.7 55.3 57.2 Road

R009 54.8 60.3 61.4 Road

R010 49.4 56.5 57.3 Road

R011 53.3 58.5 59.6 Road

R012 48.0 59.2 59.5 Road

R013 39.2 46.9 47.6 Road

R014 44.2 63.9 63.9 Road

R015 50.1 62.1 62.4 Road

R016 48.7 53.7 54.9 Road

R017 50.2 54.2 55.6 Road

R018 42.8 47.9 49.1 Road

R019 55.0 60.1 61.3 Road

R020 55.1 61.2 62.1 Road

R021 54.6 58.1 59.7 Road

R022 55.5 60.6 61.8 Road

R023 45.9 50.1 51.5 Road

R024 51.0 54.7 56.2 Road

R025 55.0 54.6 57.8 LRT – near crossover(s)

R026 55.2 55.3 58.3 Road

R027 61.6 54.8 62.4 LRT – near crossover(s)

R028 65.5 60.2 66.7 LRT – near crossover(s)

R029 57.4 55.3 59.5 LRT – near crossover(s)

R030 45.4 49.0 50.6 Road

R031 49.5 49.7 52.6 Road
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Receptor
Future LRT Only

Predicted Noise Level
(Leq, 24hr) [dBA]

Future Road Traffic
Only Predicted Noise
Level (Leq, 24hr) [dBA]

Future Overall
(Road Traffic + LRT)

Predicted Noise
Level (Leq, 24hr) [dBA]

Highest Noise Contribution

R032 58.1 57.8 61.0 LRT – near crossover(s)

R033 62.7 54.1 63.3 LRT – near crossover(s)

R034 58.9 61.5 63.4 Road

R035 40.2 43.0 44.8 Road

R036 56.6 58.2 60.5 Road

R037 51.9 54.8 56.6 Road

R038 55.9 60.5 61.8 Road

R039 55.3 60.6 61.7 Road

R040 53.0 56.4 58.1 Road

R041 27.3 42.8 42.9 Road

R042 36.2 40.7 42.0 Road

R043 37.6 44.1 45.0 Road

R044 42.4 54.1 54.4 Road

R045 40.4 49.3 49.9 Road

R046 57.6 52.5 58.8 LRT – near crossover(s)

R047 55.4 51.2 56.8 LRT – near crossover(s)

R048 53.9 58.2 59.6 Road

R049 52.5 58.1 59.2 Road

R050 53.9 61.0 61.8 Road

R051 53.1 59.9 60.7 Road

R052 43.3 51.7 52.2 Road

R053 44.8 56.9 57.1 Road

R054 40.5 43.2 45.1 Road

R055 32.8 43.8 44.2 Road

R056 34.8 41.5 42.4 Road

R057 46.7 50.0 51.7 Road

R058 45.6 49.2 50.8 Road

R059 47.2 51.0 52.5 Road

R060 44.0 47.5 49.1 Road

R061 39.5 42.7 44.4 Road

R062 47.4 49.5 51.6 Road

R063 51.3 53.9 55.8 Road

R064 47.1 52.5 53.6 Road

R065 46.5 43.4 48.3 LRT – near crossover(s)

R066 44.8 49.3 50.6 Road

R067 44.1 38.7 45.2 LRT – near crossover(s)

R068 50.3 48.5 52.5 LRT – near crossover(s)

R069 39.7 37.3 41.7 LRT – near crossover(s)

R070 50.3 44.8 51.4 LRT – near crossover(s)

R071 37.9 43.8 44.8 Road
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Receptor
Future LRT Only

Predicted Noise Level
(Leq, 24hr) [dBA]

Future Road Traffic
Only Predicted Noise
Level (Leq, 24hr) [dBA]

Future Overall
(Road Traffic + LRT)

Predicted Noise
Level (Leq, 24hr) [dBA]

Highest Noise Contribution

R072 24.5 45.1 45.1 Road

R073 28.7 56.7 56.7 Road

R074 42.1 56.4 56.5 Road

R075 30.6 45.9 46.0 Road

R076 43.2 46.4 48.1 Road

R077 50.1 47.1 51.9 LRT – near wheel squeal

R078 42.8 42.8 45.8 Approximately Equal

R079 38.5 42.9 44.3 Road

R080 43.8 43.2 46.5 LRT – near crossover(s)

R081 34.6 46.5 46.7 Road

R082 31.1 40.3 40.8 Road

R083 52.3 56.0 57.5 Road

R084 33.3 39.7 40.6 Road

R085 52.5 56.2 57.8 Road

R086 33.9 37.7 39.2 Road

R087 32.9 45.2 45.5 Road

R088 45.3 47.6 49.6 Road

R089 45.9 49.9 51.4 Road

R090 38.0 42.6 43.9 Road

R091 32.8 36.1 37.8 Road

R092 38.7 44.6 45.6 Road

R093 38.6 45.6 46.4 Road

R094 49.5 61.3 61.6 Road

R095 46.3 56.1 56.5 Road

R096 45.5 54.4 55.0 Road

R097 49.5 61.9 62.1 Road

R098 46.3 56.0 56.5 Road

R099 32.0 45.4 45.6 Road

R100 47.7 56.8 57.3 Road

R101 40.1 56.2 56.3 Road

R102 47.5 61.7 61.8 Road

R103 47.7 59.1 59.4 Road

R104 51.5 63.4 63.7 Road

R105 48.9 61.2 61.5 Road

R106 48.6 60.3 60.6 Road

R107 49.7 63.9 64.1 Road

R108 49.6 62.1 62.3 Road

R109 50.8 63.6 63.8 Road

R110 50.0 63.0 63.2 Road

R111 50.0 63.6 63.7 Road
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Receptor
Future LRT Only

Predicted Noise Level
(Leq, 24hr) [dBA]

Future Road Traffic
Only Predicted Noise
Level (Leq, 24hr) [dBA]

Future Overall
(Road Traffic + LRT)

Predicted Noise
Level (Leq, 24hr) [dBA]

Highest Noise Contribution

R112 53.8 61.3 62.0 Road

R113 55.9 61.2 62.3 Road

R114 53.0 60.7 61.4 Road

R115 52.4 60.8 61.4 Road

R116 52.9 60.7 61.4 Road

R117 52.5 61.2 61.8 Road

R118 51.8 60.9 61.4 Road

R119 56.6 60.2 61.8 Road

R120 57.7 59.3 61.6 Road

R121 50.4 56.7 57.6 Road

R122 57.6 61.5 63.0 Road

R123 55.4 59.5 60.9 Road

R124 54.1 59.6 60.7 Road

R125 53.0 61.2 61.8 Road

R126 51.0 61.6 62.0 Road

R127 51.0 63.4 63.7 Road

R128 51.4 62.2 62.5 Road

R129 49.2 59.7 60.1 Road

R130 51.0 59.9 60.5 Road

R131 52.6 61.2 61.8 Road

R132 54.1 61.2 61.9 Road

R133 55.8 61.3 62.4 Road

R134 52.0 62.2 62.6 Road

R135 55.4 62.0 62.9 Road

R136 56.7 62.2 63.2 Road

R137 61.9 61.5 64.7 LRT – near crossovers

R138 56.9 63.4 64.3 Road

R139 54.1 60.2 61.1 Road

R140 51.5 61.3 61.7 Road

R141 54.4 61.1 61.9 Road

R142 52.1 63.9 64.2 Road

R143 56.7 61.9 63.0 Road

R144 51.9 63.7 64.0 Road

R145 57.2 61.6 63.0 Road

R146 57.0 61.3 62.7 Road

R147 56.5 61.3 62.6 Road

R148 36.3 61.7 61.7 Road

R1_2018 50.3 48.8 52.6 LRT – near crossover(s)

R2_2018 47.9 51.3 52.9 Road

W01 50.8 42.4 51.4 LRT – near crossover(s)
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Receptor
Future LRT Only

Predicted Noise Level
(Leq, 24hr) [dBA]

Future Road Traffic
Only Predicted Noise
Level (Leq, 24hr) [dBA]

Future Overall
(Road Traffic + LRT)

Predicted Noise
Level (Leq, 24hr) [dBA]

Highest Noise Contribution

W02 50.3 46.0 51.7 LRT – near crossover(s)

W03 50.6 48.2 52.6 LRT – near wheel squeal

W04 49.4 48.6 52.0 LRT – near wheel squeal

3.5 Noise Barrier Investigation

As presented in Table 5, future transportation noise is only predicted to exceed criteria at one receptor, located at the
136 St. and Stony Plain Road intersection (R028). A noise barrier has been modeled at this receptor, and the results
are presented in Table 7 below.

Table 7: Noise Assessment Results - Transportation Noise - With Mitigation

Receptor
Barrier Height

(m)
Barrier Length

(m)
Future Predicted Noise

Level (Leq, 24hr) [dBA]

Future Predicted
Noise Level – With

Noise Barrier (Leq, 24hr)
[dBA]

Change in
Predicted Noise
Level (Leq, 24hr)

[dBA]

R028 1.75 21 66.7 61.5 -5.2

It is predicted that a 1.75 metre high noise barrier will successfully reduce transportation noise at receptor R028 to a
level noticeably below the Leq,24hr criteria level of 65 dBA. A figure presenting the noise barrier location and extents
can be found in Appendix B2. All other receptors are not predicted to require noise mitigation per the Urban Traffic
Noise Policy criteria.

3.6 Discussion and Recommendations

Results indicate that noise levels will exceed by-law criteria at one receptor location. With the recommended noise
barrier from Section 3.5 implemented, noise levels at all receptors will comply with Urban Traffic Noise Policy criteria.

Any future planned double boarded privacy fencing (without gaps) from the City should reduce some noise to the
yard. However, as privacy fencing of these types can greatly vary (density, height, build); the level of expected
improvement is uncertain.

Although the project will comply with applicable noise level limits, please note that the Urban Traffic Noise Policy sets
out criteria for a 24 hour noise energy average. When considering this 24 hour average, it was generally found that
road traffic (not the LRT) was the controlling source of noise at most back yard locations. This can be seen in many of
the receptors along Stony Plain Road east of 139 St. NW where levels are predicted to decrease due to a reduction
in lanes and road traffic.

These results can be expected as the average LRT volumes are relatively low over the duration of the 24 hour
assessment period (4.3 trains per hour during the day, 2.6 per hour during the night). As shown in Table 6, exceptions
to this typically occurred where LRT crossovers or track curvature (potentially causing wheel squeal) were located
near a noise sensitive receptor.

It is likely that the LRT will be noticeable at back yard receptors during pass-bys, as the LRT has a different noise
characteristic when compared against traffic noise. LRT pass-bys occur as discrete events with a higher peak
instantaneous noise level in comparison to road traffic noise which operates more similarly to a continuous flow.

It is also worth noting that while wheel squeal noise is not predicted to be the cause of criteria exceedance at any
receptors, wheel squeal noise can especially stand out and irritate nearby residents. Lubrication of wheels is
therefore recommended at track curves.
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4. Operational Vibration Assessment

4.1 Guidelines and Criteria

A review of the municipal and provincial guidelines indicated that there were no specific vibration limits for the
operation of stationary or transportation noise sources (road traffic and LRT vehicles). Similar to many other LRT
projects in Canada, limits from the U.S. Federal Transit Administration Noise and Vibration Impact Assessment guide
(the FTA guide) were used for this project. The vibration level limits used in this analysis have been presented in
Table 8.

Table 8: Vibration Level Limits

Maximum
Vibration Velocity

Level (VdB2)

Maximum RMS
Velocity (mm/s) Receptor Type

90 0.80 Industrial/Workshop

84 0.40 Office

78 0.20 Residential (Day)
72 0.10 Residential (Night), Operating Rooms

In addition to the receptor types mentioned in Table 8, a number of special case vibration sensitive locations were
flagged for investigation. Vibration level limits for special case locations near the project line are dependent on the
equipment used at the location. The FTA guide (Section 8.1, Table 8-1) sets out a general assessment limit of 65 VdB
for most moderately sensitive equipment (e.g. hospitals with vibration sensitive equipment, university research
operations, etc.).

4.2 Assessment Methodology

Vibration from LRT operations on the project corridor and MSF LRT track were predicted using the general vibration
prediction method in the FTA guide. Relevant factors affecting vibration at the receptor included:

· Vehicle type (LRT, freight, bus)

· Vehicle speed

· Track conditions (this includes special track work, which is used to implement crossovers, frogs, etc.)

· Type of transit structure (at grade, elevated structure, etc.)

· Soil conditions

The ground was assumed to have efficient soil propagation based on the previous assessment, which noted that
much of the soil in the area was clay based. In order to efficiently determine the potential need for mitigation, zones
where vibration impact will exceed criteria was calculated for sections of the track based on the above inputs. Where
receptors fell within these zones, mitigation was investigated based on distance to the source of vibration.

Additional investigation also took place for the following potentially vibration sensitive locations:

· Misericordia Community Hospital (16940 – 87 Avenue)

· Insight Medical Imaging – Meadowlark (200 156 St NW)

· Insight Medical Imaging – West End (9509 156 St NW)

· Insight Medical Imaging – (11560 104 Ave NW)

· Stony Plain Road Dental Plaza (149 St. NW and Stony Plain Rd NW Intersection)

2 Reference velocity: 1 micro-inch/sec
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4.3 Results and Recommendations

Vibration caused by MSF LRT movement along the site is not predicted to exceed FTA limits at nearby sensitive
receptors. However, results indicate that vibration mitigation is recommended for multiple locations on the project LRT
corridor. Vibration calculations are presented in Appendix C1, and sections of LRT track requiring vibration mitigation
are presented in Appendix C2. To allow flexibility in mitigation design, the required reductions for each section of track
are shown in Appendix C2.

Typical vibration mitigation measures and expected vibration reduction include:

· Ballast mats – 10 to 15 VdB reduction
· Resilient rail fasteners – 4 to 8 VdB reduction
· Resilient supported sleepers/ties – approximately 10 VdB reduction
· Booted sleepers/ties – approximately 10 VdB reduction
· Tire-derived aggregates – 8 to 14 VdB reduction
· Floating slab track with continuous elastomer layer – 6 to 12 VdB reduction
· Floating slab track with discrete elastomer bearing – 15 to 18 VdB reduction

The effectiveness of specific vibration mitigation measures is dependent on several factors such as the component
design, installation techniques, localized soil characteristics, train axle load, and frequencies of concern. For track
sections requiring greater than a 15 VdB reduction (crossover locations), moving crossovers to less sensitive
locations may be worth considering. A more detailed discussion and further description of LRT vibration
considerations and mitigation is provided in Appendix C2.

Table 9 provides investigation results for the additional vibration sensitive locations.

Table 9: Additional Vibration Sensitive Locations - Recommendations

Vibration Sensitive Location Recommendation (s)

Misericordia Community Hospital No mitigation required –Low vibration levels due to elevated track section

Insight Medical Imaging –
Meadowlark

No mitigation required – Outside of vibration zone of influence

Insight Medical Imaging – West
End

Mitigation required – See Appendix C2

Insight Medical Imaging – 11560
104 Ave NW

Mitigation required – See Appendix C2

Stony Plain Road Dental Plaza Mitigation required – See Appendix C2

4.4 Conclusion

With the vibration reduction recommendations from Section 4.3 and Appendix C2 implemented, the LRT is predicted
to comply with FTA guide vibration limits at nearby sensitive locations, and the special case vibration sensitive
locations described in Section 4.2.
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Glossary
Sound Pressure wave travelling through a medium, such as air.
Noise Unwanted sound.
Acoustics The science of sound propagation and transmission.
Vibration Oscillation of a parameter that defines the motion of a mechanical

system.
Decibel, dB A logarithmic ratio, not strictly a unit, used to describe sound levels.

For sound pressure, the reference level is 20 micropascals (threshold
of hearing).

Frequency The rate at which an event is repeated.  Measured in Hertz (Hz), where
1 Hz = 1 oscillation/sec.  Normal human hearing extends over a range
of frequencies from about 20 Hz to about 20 kHz.

Octave Band A band of frequencies where the upper limiting frequency is twice the
lower limiting frequency. Octave bands are identified by their centre-
frequencies. The octave bands standardized for acoustic
measurements include those centered at 31.5, 63, 125, 250, 500, 1000,
2000, 4000, & 8000 Hz.

A-Weighting Network, dBA A frequency weighting network intended to represent the variation in
the ear’s ability to hear different frequencies.  Overall sound levels
calculated or measured using the A-weighting network are indicated by
dBA rather than dB.

Sound Power Level (PWL, Lw) A measurement of the total acoustic energy output from a noise source,
per unit time.  Reported and measured in decibels (dB or dBA), using a
reference power of 10-12 Watts (0 dB).

Sound Pressure The instantaneous difference between the air pressure produced by
sound and the average barometric pressure at a given location.

Sound Pressure Level (SPL, Lp) The ratio of the instantaneous sound pressure and a reference sound
pressure of 20 μPa (0 dB).  Reported and measured in decibels (dB or
dBA).

Leq - “Equivalent sound level” Value of a constant sound pressure level which would result in the
same total sound energy as would the measured time-varying sound
pressure level over equivalent time duration.  The Leq,1hr, for example,
describes the equivalent continuous sound level over a 1 hour period.

Peak Particle Velocity (PPV) The peak signal value of an oscillating vibration velocity waveform.
Can be expressed in mm/s.

Root Mean Square Velocity
(RMSV)

The square root of the mean-square value of an oscillating vibration
velocity waveform, where the mean-square value is obtained by
squaring the value of amplitudes at each instant of time and then
average these values over the sample time.
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Note: Portion of elevated track updated (June 2018) - See Figure B1-1
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Figure B1-1 - Updated Elevated Track Section (June 2018)
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Appendix B2 

Transportation Noise Mitigation – Barrier Locations 
 
 

 
 
 
  

  

 

 

 

 



R028

Barrier height = 1.75 m
Approx. Length = 21 m
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Appendix B3 

Transportation Noise Contours 
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Vibration Calculations 
 
 

 
 
 
  

  

 

 

 

 



Edmonton LRT - Valley Line West
60528911

FTA Generalized Vibration Assessment - Operational Vibration Assessment

Efficient Propagation - 60 km/h
Space Limit Limit Distance Distance

VdB mm/sec (ft) (m)
Industrial / Workshop 90.0 0.80 N/A N/A

Office 84.0 0.40 29.7 9.0
Residential Day 78.0 0.20 69.1 21.0

Residential Night, Operating Rooms 72.0 0.10 138.0 42.0
High sensitivity 65.0 0.05 259.4 79.0

Efficient Propagation - 60 km/h - elevated
Space Limit Limit Distance Distance

VdB mm/sec (ft) (m)
Industrial / Workshop 90.0 0.80 N/A N/A

Office 84.0 0.40 N/A N/A
Residential Day 78.0 0.20 13.3 4.0

Residential Night, Operating Rooms 72.0 0.10 42.8 13.0
High sensitivity 65.0 0.05 98.6 30.0

Efficient Propagation - 60 km/h - special track
Space Limit Limit Distance Distance

VdB mm/sec (ft) (m)
Industrial / Workshop 90.0 0.80 52.7 16.0

Office 84.0 0.40 111.7 34.0
Residential Day 78.0 0.20 197.0 60.0

Residential Night, Operating Rooms 72.0 0.10 318.4 97.0
High sensitivity 65.0 0.05 364.0 111.0

Efficient Propagation - 50 km/h
Space Limit Limit Distance Distance

VdB mm/sec (ft) (m)
Industrial / Workshop 90.0 0.80 N/A N/A

Office 84.0 0.40 23.1 7.0
Residential Day 78.0 0.20 55.9 17.0

Residential Night, Operating Rooms 72.0 0.10 118.3 36.0
High sensitivity 65.0 0.05 223.3 68.0

Efficient Propagation - 50 km/h - elevated
Space Limit Limit Distance Distance

VdB mm/sec (ft) (m)
Industrial / Workshop 90.0 0.80 N/A N/A

Office 84.0 0.40 N/A N/A
Residential Day 78.0 0.20 N/A N/A

Residential Night, Operating Rooms 72.0 0.10 33.0 10.0
High sensitivity 65.0 0.05 82.2 25.0



Efficient Propagation - 50 km/h - special trackwork
Space Limit Limit Distance Distance

VdB mm/sec (ft) (m)
Industrial / Workshop 90.0 0.80 42.8 13.0

Office 84.0 0.40 92.0 28.0
Residential Day 78.0 0.20 174.1 53.0

Residential Night, Operating Rooms 72.0 0.10 292.2 89.0
High sensitivity 65.0 0.05 358.0 109.0

Efficient Propagation - 25 km/h
Space Limit Limit Distance Distance

VdB mm/sec (ft) (m)
Industrial / Workshop 90.0 0.80 N/A N/A

Office 84.0 0.40 N/A N/A
Residential Day 78.0 0.20 23.1 7.0

Residential Night, Operating Rooms 72.0 0.10 55.9 17.0
High sensitivity 65.0 0.05 131.4 40.0

Efficient Propagation - 25 km/h - special trackwork
Space Limit Limit Distance Distance

VdB mm/sec (ft) (m)
Industrial / Workshop 90.0 0.80 16.6 5.0

Office 84.0 0.40 42.8 13.0
Residential Day 78.0 0.20 92.0 28.0

Residential Night, Operating Rooms 72.0 0.10 174.1 53.0
High sensitivity 65.0 0.05 308.6 94.0



Note: Transition zones 
required between all changes 
in track mitigation and 
changes from normal track to 
mitigated track.

Note: For sections requiring >15 VdB
of mitigation (crossovers in close
promixity to residences), consider
moving crossovers to less sensitive
locations (commercial areas, bridges,
LRT sections further from residences).
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Note: Portion of elevated track updated (June 2018) - See Figure B1-1



Note: Portion of elevated track updated (June 2018) - See Figure B1-1
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GROUND BORNE VIBRATION MITIGATION 
 
Railway traffic is a source of ground borne vibration. Irregularities and imperfections in the rails and 
wheels produce dynamic vehicle track interaction forces that in turn generate stress waves in the 
supporting soil. Stress waves in the soil interact with foundations of adjacent buildings causing them to 
vibrate. This causes the floors, walls and ceilings to vibrate. Worn (or flat) wheels and tracks will increase 
vibration levels. Furthermore, special trackwork such as switches also increase the level of vibration. The 
impact from ground borne vibration from rail transit systems manifests in three main effects: 
 

 Perceptible vibrations which are physically perceived by humans, 
 Noise caused by vibrating items in buildings such as the rattling of windows and shaking of items 

on shelves or hanging on walls. 
 Low frequency noises (rumbling noise or ground borne noise) caused by ground borne vibration 

radiating from vibrating room surfaces and perceived by the human ear as sound. 

The key elements of the vibration environment can be described with the Source-Path-Receiver concept 
shown in Figure 1. The source of vibration is the train wheels rolling on the rails that create vibration 
energy transmitted through the tracks into the ground. The path taken by vibrations is through the ground 
and into nearby buildings. The receivers are people or vibration-sensitive activities in the buildings into 
which the vibrations pass. Vibrations are influenced by variables such as the: 
 

 Speed of the train; 
 Vehicle suspension; 
 Condition of the wheels and track;  
 Track support system; 
 Depth and geology of the soil layering; 
 Construction of the track and tunnel; 
 Depth of tunnel and distance away from it; 
 Type and construction of the building where the receiver of the vibration is positioned; 
 Interior acoustical absorption. 

The purpose of vibration mitigation is to minimize the adverse effects that the project ground borne 
vibration will have on sensitive land uses. Following the Source-Path-Receiver concept, there are 
essentially three main mitigation strategies for vibration control: 
 

1. Controlling vibration at the source: Reduction of noise and vibration at source can be achieved 
by isolating the track superstructure, eliminating the running surface discontinuities, regular 
maintenance of the rail running surface, regular wheel re-profiling, selecting the appropriate type 
of rail vehicle, and reducing the speed of rail vehicles. Rail vibration isolation can be achieved 
through the installation of resilient rail fasteners, resilient supported ties, booted ties, tire-derived 
aggregate, ballast mats or floating slabs. Such rail and track vibration isolation system increase 
the elasticity of the track superstructure and provide a reduction in transmitted vibration. 
  

2. Controlling the transmission of vibration: Distance is one of the most effective mitigation 
measures against noise and vibration, although geological make-up and terrain also have an 
effect. Annoyance from railway vibrations is inversely proportional to distance from railway tracks. 
In new developments, locating the sensitive land use away from the railway lines can reduce 
vibration effects. For existing structures, ground vibrations from rail operations can also be 
reduced through the installation of trenches between the line and the receivers in a similar 
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manner to noise barriers. Trenches can be either left open or filled with an alternative material if 
open trenches are considered undesirable. Note that trenches would only be effective in reducing 
vibration from above ground (surface) rail operations and will not typically have any effect on 
vibration generated by underground railways. 
 

3. Controlling vibration at the receiver: In some circumstances, it is practical to modify the 
impacted building to reduce the vibration levels.  Special building methods can be used to modify 
ground-borne vibration being transmitted into the building structure such as isolation of foundation 
and footings using resilient elements and rubber bearing pads or springs. Vibration isolation of 
buildings generally consists of supporting the building foundation on elastomer pads similar to 
bridge bearing pads. This approach is particularly important for shared-use facilities such as 
office space above a transit station or terminal. Vibration isolation of buildings is rarely an option 
for existing buildings. Normal applications are possible only for new construction. Alternatively, 
the floor upon which the vibration-sensitive equipment is located could be stiffened and isolated 
from the remainder of the building or the equipment could be locally isolated from the floor and 
building. 

Figure 1 Ground-borne Vibrations from Trains Example of Source, Propagation and Receiver 
System (Source: ISO 14837) 

 
 



SYSTEM-WIDE OPERATIONAL VIBRATION MITIGATION

One of the most effective forms of ground borne vibration mitigation is to attempt to reduce vibration at the
source. Source vibration reduction can be normally accomplished through vehicle specifications. There are
several additional operational measures that can reduce vibration levels at the source. Table A provides a list of
operational and maintenance measures that should be performed on a regular basis and the benefit that each of
the measures would provide. It is recommended to implement a system wide vibration reduction strategy as
shown in Table A. These strategies are effective in reducing the vibration generation in the first space. For
example, problems with rough wheels or rails can increase vibration levels by as much as 20 VdB in extreme
cases, negating the effects of even the most effective vibration control measures. It is rare that practical vibration
control measures will provide more than 15 to 20 VdB attenuation. Therefore, maintenance procedures can
significantly reduce ground borne noise and vibration.

Table A: System-Wide Light Rails Operational Mitigation

Operational Measure System Benefit

Rail Grinding and
Replacement

As rails wear, both noise and vibration levels from light rail
operations can increase. By grinding or replacing worn rails, noise
and vibration levels will remain at the projected levels. Rail grinding
or replacement is normally performed every 3 to 5 years.

Wheel Truing and
Replacement

Wheel truing is a method of grinding down flat spots (commonly
called “wheel flats”) on the vehicle wheels. Flat spots occur primarily
because of hard braking. When flat spots occur they can cause
increases in both the noise and vibration levels produced by the light
rail vehicles.

Vehicle Specifications and
Maintenance

Rail vehicle should have low unsprung weight, soft primary
suspension, minimum metal-on-metal contact between moving parts
of the truck (bogie), and smooth wheels that are perfectly round. A
limit for the vertical resonance frequency of the primary suspension
should be included in the specifications for any new vehicle. Vehicle
maintenance includes performing scheduled and general
maintenance on items such as suspension system, brakes, wheels,
and slip-slide detectors. Keeping the mechanical systems on the
light rail vehicles in top condition will also help to maintain the
projected levels of noise and vibration.

Operator Training Operators should be trained to operate light rail vehicles at speeds to
avoid “hard-braking,” which can cause wheel flats and damage the
track. Furthermore, by training operators to identify potential wheel
flats and other mechanical problems with the trains, proper
maintenance can be performed in a timely manner.



Operational Measure System Benefit

Location and Design of
Special Trackwork

Turnouts are a major source of vibration impact when they are
located in sensitive areas because the impacts of vehicle wheels
over rail gaps at track turnout locations increases ground borne
vibration by about 10 VdB. Careful review of crossover and turnout
locations during the preliminary engineering stage to minimize
potential vibration impacts. When feasible, relocate special trackwork
to a less vibration-sensitive area. If turnouts cannot be relocated
away from sensitive areas, install spring frogs to eliminate gaps at
crossovers and help reduce vibration levels.

SITE SPECIFIC VIBRATION MITIGATION MEASURES
In addition to the overall strategy a number of methods have been developed to control ground-borne
vibrations. Vibration is generally treated by reducing the dynamic forces associated with the source or
with isolation techniques. The source may be isolated from the ground or structure, thereby reducing
vibration propagation towards receiver buildings.   Another alternative is to make adjustments to the
vibration transmission path by the use of trenches to control ground borne vibration, to reduce surface
waves, analogous to controlling airborne noise with sound barriers. Alternatively, structures and buildings
may be isolated from sources.

The actual values of building vibration induced by sources are a function of the vibration characteristics of
the source, ground conditions, building foundations and building construction material and techniques. To
be effective, all of these measures must be optimized for the frequency spectrum of the vibration. The
common vibration mitigation methods are presented in Table B. Given that the track and vehicles are in
good condition, the options for further reductions can be achieved by implementing one or more of the
listed measures on specific segments of the alignment where it is needed. The reduction in ground borne
vibration provided by these measures is strongly dependent on the frequency content of the vibration, soil
properties and the design and support of the track. Different conceptual vibration isolating track designs
are depicted in Figure 2. The degree of vibration impact will determine the extent of mitigation required
and the mix of vibration control measures to be adopted as a mitigation strategy.

Where vibration mitigation affects stiffness of the track support (ex. Ballast mats), the static deflection of
the track under the load of the train will be greater than the static deflection of conventionally supported
track. At the connections to standard track, some sort of smooth transition is required in order to avoid
impulsive forces that could be very damaging to the subgrade, and cause impulsive ground vibration,
discomfort to passengers and rapid fatigue damage to the track components themselves.

Table B: Site specific Vibration Mitigation Measures

Mitigation Measure Description

Ballast Mats A ballast mat consists of a rubber or other type of elastomer pad that is
placed under the ballast. Depending on the soil properties, an asphalt or
concrete layer under the ballast may be required. Ballast mats are less
effective if placed directly on the soil or the sub-ballast. Most applications
of this procedure are found in tunnels or on bridges. Ballast mats can
provide 10 to 15 VdB attenuation at frequencies above 25 to 30 Hz.



Mitigation Measure Description

Resilient Rail
Fasteners

Resilient fasteners are used to fasten the rails to the ties or to the
concrete track slabs. By making use of fasteners that are less stiff in the
vertical direction, it is possible to reduce the ground-borne vibration by as
much as 4 to 8 VdB at frequencies above 30 to 40 Hz. Premium
fasteners cost approximately $300 per track-foot, about 6 times the cost
of standard fasteners.

Resilient supported
sleepers/ties

Resiliently supported tie systems involve attaching thick rubber pads
directly to the underside of ties in ballast. By making use of rubber pads
between the ties and the foundation it is possible to reduce the vibration
by at least 10 VdB. The rails are fastened directly to the concrete ties
using standard rail clips.

Booted sleepers/ties Booted sleeper systems consist of concrete sleepers surrounded by
elastic boots that are molded into the concrete slab of the track. These
perform in the same way as resilient supported sleepers/ties but the
design is integrated with a slab track. They are particularly appropriate
for transit systems with vibration problems in the 20 to 30 Hz range and
are typically effective in reducing vibration by 10 VdB.

Tire-Derived Aggregate Also known as shredded tires, a typical Tire-Derived Aggregate (TDA)
installation consists of an underlayment of 300 mm of nominally 75 mm
size tire shreds or chips wrapped with filter fabric, covered with 300 mm
of sub-ballast and 300 mm of ballast above that to the base of the ties.
This type of mitigation can only be used on ballast and tie track. Tests
suggest that the vibration-attenuation properties of this treatment are
midway between that of ballast mats and floating slab track. While this is
a low-cost option, it has only recently been installed on two U.S. light rail
transit systems—in San Jose and Denver—and its long-term
performance is unknown.

Floating slab track Floating slabs consist of a “floating concrete rail slab” sitting within a
concrete trough separated by an elastic quality polyurethane foam sheet
or other resilient material. The slab and sheet act as a light mass
spring system.

In high load situations, or where a high reduction in vibration is required,
the ROW slab can be supported by resilient pads (or steel coil springs)
on a concrete foundation. This second engineered option is more
expensive and generally used in very specific circumstances.

The tracks are then mounted on or within the floating slab depending on
the need for direct fixation or embedded rail. Vibration mitigation can be
improved by selecting isolation materials for the rail fixing. This mitigation
method may provide up to a 15 VdB reduction in vibration. The design
frequency of typical continuous or double-tie floating slabs is 16Hz.
However, the isolation frequency of low-frequency floating slabs may be
on the order of 5 – 8Hz.



Mitigation Measure Description

Associated schematic of a typical Light Mass Spring System

Associated schematic of a typical Light Mass Spring System

Trenches A trench can be an effective vibration barrier if it changes the
propagation characteristics of the soil. It can be open or solid. Open
trenches can be filled with materials such as styrofoam. Solid barriers
can be constructed with sheet piling, rows of drilled shafts filled with
either concrete or a mixture of soil and lime, or concrete poured into a
trench.



Mitigation Measure Description

Building Modifications For existing buildings, if vibration-sensitive equipment is affected by train
vibration, the floor upon which the vibration-sensitive equipment is
located could be stiffened and isolated from the remainder of the
building. For new buildings, the building foundation should be supported
by elastomer pads similar to bridge bearing pads.

Embedded Rail Embedded rail is set into the surface of the right of way (ROW). The
system generally consists of a concrete slab with a rubber booted rail
cast within the slab itself. More traditionally, in freeze thaw conditions,
the rail is set into a rebated pocket in the concrete and the pocket is filled
with a polyurethane grout. Both the rubber booted option and the
polyurethane grout options inherently reduce vibration by acting as a
floating track. Performance varies depending on the supplier of the
embedded rail system.

Associated schematic of a typical embedded rail detail

Flange Bearing Frog Flange bearing frogs (FBF), or jump frogs, have been successfully used
to reduce both noise and vibration by enabling the wheel’s flange to run
along the frog groove, thus lifting the train tread off the rail as it
progresses past the rail gap at the switch point location. Although
historically used in rail yards, the FBF is becoming more commonly used
in light rail mainline operations when speed and geometry permits.

Associated schematic of a typical Flange Bearing Frog
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Figure 2 Different conceptual vibration isolating track designs (Source: ISO 14837) 
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