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PREFACE

As part of the Federal Railroad Administration’s (FRA) Magnetic Levitation
Transportation Technology Deployment Program, this technical report
characterizes the vibration associated with the operation of the Transrapid
International TR08 Maglev System, a transportation system employing magnetic
levitation (maglev). This report presents measurements of vibration associated
with the TRO8 Maglev System; these measurements were taken at the
Transrapid Test Facility (TVE) in the Emsland region of Germany, in August,
2001. The data presented and analyzed herein can be utilized to support the
required environmental planning and deployment activities for any Transrapid
Maglev project in the U.S.

This report is the product of a combined international effort. The authors wish to
thank the many individuals and organizations whose contributions were
instrumental in the coordination, test plan development, field measurements,
analysis, documentation, and supporting functions for this report. The
participation, cooperation, and forbearance of the operators and staff of TVE
during the measurement campaign were especially appreciated. The valuable
assistance of Mr. Robert Budell, Mr. Frank Litzmann and Mr. Christian Rausch of
Transrapid International, and Mr. Laurence Blow and Mr. Reed Tanger of
Transrapid USA, are also acknowledged, as their contributions were critical to
the success of this effort. The staff of IABG (Industrieanlagen
Betriebsgesellschaft), including Mr. Gerold Snieders and Mr. Hans-Gert Runde,
provided important information to the measurement team; special thanks is
extended to Dr. Klaus-Peter Schmitz (IABG), who, despite his many other
responsibilities at TVE, gave his attention to our needs during the measurement
program. In the coordination of the measurement campaign and in the
production of this report, we also acknowledge the support of staff at Harris Miller
Miller & Hanson, MAGLEYV, Inc., and the John A. Volpe National Transportation
Systems Center. Particularly, the assistance of Mr. Edd Manges from MAGLEYV,
Inc., was useful.






Vibration Characteristics of the Transrapid TR0O8 Maglev System

EXECUTIVE SUMMARY

INTRODUCTION

In the Transportation Equity Act for the 21%' Century (TEA-21), Congress
authorized the Magnetic Levitation Transportation Technology Deployment
Program (Maglev Deployment Program) to demonstrate the benefits of an
operating transportation system employing magnetic levitation (maglev). Maglev
is an advanced transportation technology in which magnetic forces lift, propel,
and guide a vehicle over a specially designed guideway at variable speeds,
including those in excess of 386 kilometers per hour (km/h) (240 miles per hour
(mph)). The U.S. Department of Transportation (USDOT) assigned the Maglev
Deployment Program to the Federal Railroad Administration (FRA) for
implementation.

To satisfy the requirements of the National Environmental Policy Act, and to fulfill
the directives of the Programmatic Environmental Impact Statement and
associated Record of Decision published in 2001 (FRA), the potential
environmental and related impacts associated with the operation of the proposed
technology must be analyzed. The maglev technology that is being considered
for deployment in the U.S. is the Transrapid International (TRI) TR0O8 Maglev
System. This technical report characterizes the vibration associated with the
operation of the TRI TR08 Maglev System based on measurements made at the
Transrapid Test Facility (TVE) in Germany in August, 2001. The data presented
and analyzed herein can be utilized to support the required environmental
planning and deployment activities for any TRI Maglev project in the U.S. that
uses the TRO08 technology.

The FRA is the lead agency for the Maglev Deployment Program. The project
sponsor of the Pennsylvania Project (the Pennsylvania Maglev Alternative), the
Port Authority of Allegheny County, and that organization’s private partner
MAGLEYV, Inc. coordinated, managed, and had technical oversight of the
measurement and reporting of the vibration characteristics of the TR08. The
actual vibration data were collected, analyzed, and reported by Harris Miller
Miller & Hanson, Inc. (HMMH). Technical staff from the John A. Volpe National
Transportations Systems Center (Volpe Center) provided active oversight both in
the development of the test plans and during the measurements made by
HMMH. The Volpe Center also undertook a detailed validation and verification of
the final data provided by HMMH and presented herein.

MEASUREMENTS

The environmental measurements described in this report took place at the TVE
in the Emsland region of Germany, in August, 2001. The TVE consists of a 31.5
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km (19.5 mile) guideway, with two loops at either end of a straight section.
Various guideway types (steel, concrete, hybrid, switch) and configurations (at-
grade, elevated) exist at the test track.

Vibration measurements were undertaken to obtain wayside ground-borne
vibration data during the operation of the TR08 vehicle on the various guideway
sections at the test track. Data were obtained for several vehicle speeds and
guideway configurations. The results are intended to provide reference levels for
use during the environmental impact assessments of the Maglev Deployment
Program.

RESULTS

Transrapid TRO8 vibration levels measured at 50 feet are summarized in Table
ES-1 below.

Table ES-1. TRO08 Vibration Levels at 50 feet

SPEED CONFIGURATION Level (VdB re 1 microinch/sec)
Concrete Beam 66
Steel Beam 67
200 km/h Hybrid Beam 68
(125 mph) At-grade Concrete Beam 77
At-grade Steel Beam 79
Switch 76
Concrete Beam 77
Steel Beam 79
400 km/h Hybrid Beam 74
(250 mph) At-grade Concrete Beam 83
At-grade Steel Beam 84
Switch 80
Approach and stop Station 88
Depart Station 85

ES-2
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In addition to the data presented in Table ES-1, several conclusions may be
drawn about the Transrapid TRO08 vibration data:

e Force spectra comparisons indicate:

o Steel beam guideways typically generate greater low-frequency
(6.3 Hz — 25 Hz) forces, as compared with the other guideway
types, for TRO8 operations

0 Hybrid beam guideways typically generate greater high-frequency
(25 Hz — 160 Hz) forces, as compared with the other guideway
types, for TR08 operations

e TRO8 vibration levels generally attenuate at approximately 5 velocity
decibels (VdB) per doubling of distance

e TRO8 vibration levels generally increase at a rate of 20 to 40 times the
logarithm of speed

COMPARISONS OF TR08 VIBRATION LEVELS WITH OTHER RAIL
SOURCES

Figure ES-1 presents a comparison of vibration levels of the TRO8 traveling at
240 km/h (150 mph) with those of other high-speed rail sources. TRO8 vibration
levels for both the concrete elevated and concrete at-grade (AG) guideways are
compared with those of the French Train a Grande Vitesse (TGV), the Italian
Pendolino, the Swedish X2000, and the Acela at 240 km/h (150 mph).
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As seen in the figure, vibration levels for the TRO8 traversing the at-grade
guideway structure are comparable to those from high-speed trains measured in
Italy and France, whereas the levels for the elevated structure are considerably
lower for the distances measured. Vibration levels measured at 50 feet for the
TRO8 traversing the at-grade guideway at 400 km/h (250 mph) are less than
those previously measured at 50 feet for the Acela traveling 240 km/h (150 mph).
These comparisons, however, are representative of data collected at various
sites and are generally typical of local geological conditions.

Detailed, site-specific vibration analysis may be undertaken using the data
contained herein and the methodologies outlined in the FRA’s High-Speed
Ground Transportation Noise and Vibration Impact Assessment (FRA 1998)
document.

ES-4
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1.0 INTRODUCTION

1.1 PURPOSE

As part of the Federal Railroad Administration’s (FRA) Magnetic Levitation
Transportation Technology Deployment Program, this technical report
characterizes the vibration associated with the operation of the Transrapid
International TR08 Maglev System, a transportation system employing magnetic
levitation (maglev). The TR08 Maglev System is the technology that is being
considered for deployment in the U.S. (FRA 2001) by maglev programs in
Pennsylvania and Maryland. Under the National Environmental Policy Act,
potential environmental impacts, including vibration impacts, of a maglev
transportation system must be assessed.

The environmental measurements described in this report took place at the
Transrapid Test Facility in the Emsland region of Germany, in August, 2001. The
data presented and analyzed herein can be utilized to support the required
environmental planning and deployment activities for any Transrapid Maglev
project in the U.S. This report also includes a limited comparison of the data to
similar data from other modes of transportation as well as to current FRA
vibration impact criteria.

1.2 BACKGROUND

In the Transportation Equity Act for the 21 Century (TEA-21), Congress
authorized the Magnetic Levitation Transportation Technology Deployment
Program (Maglev Deployment Program) to demonstrate the transportation,
economic, environmental, energy, and other benefits of an operating
transportation system employing magnetic levitation (maglev). Maglev is an
advanced transportation technology in which magnetic forces lift, propel, and
guide a vehicle over a specially designed guideway at variable speeds, including
those in excess of 386 kilometers per hour (km/h) (240 miles per hour (mph)).
The U.S. Department of Transportation (USDOT) assigned the Maglev
Deployment Program to the Federal Railroad Administration (FRA) for
implementation.

In order to comply with the TEA-21, FRA conducted a competitive award and
selection process to demonstrate maglev in a U.S. transportation application. In
May 1999, the Secretary of Transportation selected, from a pool of eleven
applicants, seven states (or state-designated authorities) to receive grants for
pre-construction planning of their maglev programs. To satisfy the requirements
of the National Environmental Policy Act (NEPA), FRA, as the lead agency,
determined that the Maglev Deployment Program constituted a major Federal
action with the potential to have a significant effect on the environment, and

1-1
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accordingly published a Programmatic Environmental Impact Statement (PEIS)
(FRA 2001). The purpose of the PEIS was to describe the Maglev Deployment
Program and the potential environmental impacts associated with its possible
implementation, as well as to encourage public involvement and to address
agency and public concerns (FRA 2001). In developing the PEIS, FRA required
each of the seven state participants to prepare environmental assessments,
which became the source of baseline data in the Draft PEIS (DPEIS), approved
in June 2000. After collecting and incorporating appropriate public and agency
comments on the DPEIS, the John A. Volpe National Transportations Systems
Center (Volpe Center), on behalf of the FRA, refined the document and prepared
the Final PEIS (PEIS), approved in March 2001 (see text at
http://www.fra.dot.gov/rdv/maglev/mag_peis.htm). A Record Of Decision (ROD)
was executed with the PEIS (FRA 2001).

The PEIS (FRA 2001) analyzed the potential environmental and related impacts
associated with the Maglev Deployment Program using the maglev technology
available at the time the environmental impacts were being analyzed, and at a
level of detail commensurate with the program-level decisions being made at the
time of PEIS publication (April 2001). A selection process administered by FRA
led to the authorization of further funding for two project-specific environmental
impact statements (EIS) for the Maryland and Pennsylvania Maglev Alternatives.
Operational parameters of the Transrapid International TR07 Maglev System
were used for the PEIS analysis of these two Alternatives, since no direct
technical information was available on the proposed vehicle, the TR08 Maglev
System. The information about TRO7 was based on electromagnetic field
measurements made in 1990 and published in 1992 (FRA 1992), and on noise
measurements presented in a 1993 publication (FRA 1993). However, the ROD
executed with the PEIS (FRA 2001) specified that in order to fully address
environmental impacts of the maglev technology, the (1) electromagnetic fields
(EMF) and electromagnetic radiation (EMR), (2) noise impacts, and (3) vibration
impacts associated with the proposed vehicle, the Transrapid International TR08
Maglev System (see Section 1.4), needed to be identified.

To fulfill the directives of the ROD and its requirements in its grant agreement
with FRA, the Port Authority of Allegheny County (the project sponsor of the
Pennsylvania Maglev Alternative) contracted with MAGLEV, Inc., to measure and
report the vibration characteristics of the TR0O8 Maglev System and co-author this
report. The research on vibration impacts associated with the TR08 vehicle
reported in this technical characterization report will be included by reference in
the project-specific EISs, which tier from the PEIS (FRA 2001).

1.3 ROLES AND RESPONSIBILITIES

The Maglev Deployment Program constitutes a major Federal action with the
potential to have a significant effect on the environment and therefore requires

1-2
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compliance with NEPA. The FRA is the lead agency for the Maglev Deployment
Program and is responsible for the NEPA compliance process.

The sponsor of the Pennsylvania Project (the Pennsylvania Maglev Alternative)
is the Port Authority of Allegheny County. The Port Authority of Allegheny
County’s private partner, MAGLEV, Inc., coordinated, managed, and had
technical oversight of the measurement and reporting of the vibration
characteristics of the TRO8 Maglev System. The actual vibration data were
collected, analyzed, and reported by Harris Miller Miller & Hanson, Inc. (HMMH).

Technical staff from the Volpe Center provided active oversight and validation
both in the development of the test plans and during the measurements made by
the contractors. Volpe Center activities included examining techniques and test
protocol, reviewing all data and analyses, and documenting these findings.

Assistance to the measurement team, both prior to testing (during development,
review, and approval of test plans) and during the measurements at the test
facility in the Emsland region of Germany, was also provided by technical staff of
the FRA, the Volpe Center, MAGLEV, Inc., Transrapid International, and IABG
(Industrieanlagen Betriebsgesellschaft, a European scientific/technical services
company). The Test Plans (Appendix A) were reviewed and the measurements
were observed by representatives of the Baltimore-Washington Maglev Project
(the Maryland Maglev Alternative), including an environmental planning staff
person from the Maryland Transit Administration and a representative from
Parsons-Engineering Science, a noise and vibration consultant for the Baltimore-
Washington Maglev Project.

The Volpe Center has, on behalf of the FRA and the Port Authority of Allegheny
County, assembled and co-authored this TRO8 vibration characterization report
along with MAGLEV, Inc., and HMMH.

1.4 TR08 MAGLEV SYSTEM TECHNOLOGY INFORMATION

Maglev is a transportation technology that uses non-contact electromagnetic
systems to lift, guide, and propel the vehicle over a specially-designed guideway.
Without wheels or other mechanical parts to cause resistance, cruising speeds of
320 to 480 km/h (200-300 mph) can be reached (TRI 2001).

Maglev technology has been researched since the 1960s, and development
programs have been conducted by several countries, most notably Japan and
Germany. Both these countries have test tracks on which they have conducted
extensive testing and refinement of their maglev concepts and of different
prototype vehicles. The German technology, the Transrapid International (TRI)
Maglev System, has a design based on a long stator linear synchronous motor
with conventional electromagnets in an attractive magnetic force configuration.
The Japanese technology, the Railway Technical Research Institute’s (RTRI)
MLU-series system, has a design based on superconducting magnets in an
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electrodynamic repulsive system (RTRI 2001). The German TRI TR08 Maglev
System is the technology that has been selected for deployment in both the
Pennsylvania and Maryland maglev projects (FRA 2001).

TRI has been investigating high-speed rail systems utilizing electromagnetic
levitation systems since 1969, and commissioned the TR02 in 1971. The eighth
generation vehicle, the TRO8 (Figure 1-1), and some of its precursor prototype
vehicles, the TR0O7 and TR06, have been demonstrated and tested at the
Transrapid Test Facility (Transrapid Versuchsanlage Emsland (TVE)), in the
Emsland region of Germany, for more than 15 years (TRI 2001). A significant
number of tests and simulated revenue-service operations were conducted with
the TRO7 from 1989-1999. The TRO08 was delivered to the TVE in August 1999.
Although significant differences in measured information/data between the TRO7
and TRO8 are not expected, some design upgrades and changes (e.g., power rail
DC segments near stations for battery charging) necessitated new
measurements so that the most recent technical and operational environmental
performance data may be used for site-specific EIS work for the planned U.S.
projects.

Source: Transrapid International (TRI)

Figure 1-1. The TRI TR08 Maglev System

According to the manufacturer, the TR08 is more aerodynamic and more
economical than its predecessor, the TRO7 (TRI 2001). A hybrid design, using
aluminum hollow profiles and aluminum-clad foam sandwich panels, provides a
light and stiff structure for the carriage body. A TRO08 vehicle consist is made up
of two end sections and zero to eight middle sections (Table 1-1). The consist
would not be separated in normal operations. The TR08 used at the TVE is a
three-section, pre-production consist that is 79.70 m (261.5 ft) long, weighs
188.50 metric tons (t) (415,571 Ibs), has seating for 190+ passengers (Figure 1-
2), and is designed for peak 550 km/h (342 mph) operation. The TRO08 at TVE is
operated as a shuttle on a single guideway with one station. (TRI 2001)
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Table 1-1. Specifications* of the Transrapid TR08 Maglev System

System Features

End Section

Middle Section

Vehicle Size:

2

0-8

Section Length

26.99 m (88.6 ft)

2477 m (81.27 ft)

Section Width

3.70 m (12.14 ft)

3.70 m (12.14 ft)

Section Height

416 m (13.65 ft)

416 m (13.65 f)

Payload per Section:

Passenger Vehicle

10.3t (22,708 Ibs)

13.9t (30,644 Ibs)

Cargo Vehicle

14.0t (30,865 Ibs)

1751 (38,581 Ibs)

Seats per Section

62-92

84-126

Floor Space per Section

70 m? (754 ft?)

77 m? (818 ft?)

Source: Transrapid International (TRI)
*TRI offers clients multiple configuration options, thus certain specifications may vary slightly among vehicles.

2477 m

Y

107 seats

‘ }4 >| 090m l«—»| 1.02m
l¢

52 seats |

T Table AC Air Conditioning

B Baggage Rack

Source: Adapted from image provided by Transrapid International (TRI)

]

EC Electrical Cabinet

Figure 1-2. Typical TRI TR08 Interior Plans for (a) medium-density intercity
seating, (b) high-density commuter type seating, and (c) first-class intercity

seating.
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The guideway is the physical structure along which the maglev vehicles are
levitated, guided, and propelled. The guideway can be elevated on bridge-style
columns, be mounted at grade on a continuous foundation, or can use other
configurations (Figure 1-3). The guideway beam structure can be fabricated from
steel, concrete, or in a hybrid of steel and concrete; a flexible steel guideway
crossover switch section is used for switching.

Source: Transrapid International (TRI)

Figure 1-3. TRI TR08 Guideway (can be either elevated on columns or
mounted at grade)

The TRI Maglev vehicle levitation frame wraps around the “T-shaped” guideway
to securely hold and guide the vehicle. Attractive forces between the
electromagnets located in the vehicle levitation frame that surrounds the
guideway, and the stator packs installed on the underside of the guideway allow
the vehicle to levitate. The guidance magnets located on the interior sides of the
vehicle frame hold the vehicle laterally in place (Figure 1-4). The levitation and
guidance magnets are separated from the guideway by a gap of about 1 cm (0.4
in) to allow for levitation and minor vertical and lateral movement.
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Vehicle

Guidance Magnet (part of vehicle)
Guidance Rail (part of guideway)

Levitation (Support) Magnet
(part of vehicle)

Stator Pack with Three-Phase
Traveling Field Winding (part of guideway)

Source: Adapted from image provided by Transrapid International (TRI)

Figure 1-4. TRI TR08 Support and Guidance Systems

The power to propel maglev vehicles is provided via the powered guideway
(Figure 1-5). An electric current through the guideway windings generates a
traveling electromagnetic field along the guideway. The interaction between the
traveling electromagnetic field in the guideway and electromagnetic fields in the
vehicle pulls the vehicle along. Adjusting the frequency (0 Hz to approximately
300 Hz) of the alternating electric current can accelerate or decelerate the
vehicle — the higher the frequency of the current, the higher the vehicle’s speed.

Traveling
electromagnetic
field in the
guideway

Source: adapted from image provided by Transrapid International (TRI)

Figure 1-5. TRI TR08 Propulsion

1-7
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Maglev vehicles are controlled and monitored from a central operations center,
and the system runs in automatic mode with pre-programmed speed profiles for
revenue operations. Communication between the vehicle and control center is
via directional radio data transmission (to date, 38 to 40 gigahertz (GHz) line-of-
sight data radio links have been used for the data transmission line).

Power to the maglev system is supplied by electrical power substations that, in
turn, supply several individual switching sections. The substations are located at
various points along the guideway and are configured to receive their power from
the commercial power grid. For reliability, current is fed separately and
redundantly into each side of the guideway motor. The long-stator linear
synchronous motor installed in the guideway is divided into individual segments
(“blocks”); only those segments in which the vehicle is located at that moment
are switched on and supplied with current.

1.5 TEST FACILITY

The TVE was completed in 1984 with the purpose of simulating long-term
operation of vehicles under conditions similar to actual applications. The
Versuchs- und Planungsgesellschaft fur Magnetbahnsysteme (MVP), a
consortium of German companies, is the owner and operator of the TVE, with
management sub-contracted to IABG. Revenue operations began at the TVE in
1995, and more than 70,000 visitors have ridden in the Transrapid maglev
vehicles (TRI 2001).

The TVE test facility, located in a generally flat, agricultural, lowland landscape in
the Emsland region of Germany, consists of a 31.5 km (19.5 mile) guideway, with
two loops (one with constant radius and one without a constant radius) at either
end of a straight section (Figure 1-6). Various guideway types (steel, concrete,
hybrid) and configurations (at-grade, elevated) exist at the test track. The
concrete, steel, and hybrid beam sections are elevated on concrete columns. A
flexible steel high-speed switch diverts the northbound maglev vehicle on a
turnout to the north loop, then moves back to accommodate the through
movement onto the high-speed straight section. The switch consists of a
continuous steel beam, anchored at the end adjoining the straight section and
moveable at the other end with an electro-mechanical actuated drive system.
The at-grade section is an embankment of soil built up to the level of the
guideway in the high-speed section of the north loop. Two different at-grade
guideway types are placed on the embankment, steel beams and concrete
beams. Each type is represented by four 6.2 m (20.3 ft) beams for a total of 25
m (82 ft) of concrete at-grade beams and 25 m of steel at-grade beams.
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Guideway Length: 31.5 km / 19.5 miles

North Loop

South Loop

Observation High-Speed (Canal) Section
Point (400-450 km/h)
i — Iy —
Switch
At-grade
Guideway

Switch Switch
At-grade

Visitor / Test CenterGu'deWay

Source: Adapted from image provided by Transrapid International (TRI)

Figure 1-6. Transrapid Test Facility (TVE)

Vibration measurements were taken for representative guideway types. The test
facility typically operates 3-5 days a week and undergoes maintenance at least 1-
2 days a week. Normally, the vehicle runs 5-7 times a day depending on
weather and guideway conditions. Each trip consists of two complete runs of the
entire test track length. The normal operating sequence provides speeds of 150
km/h, 400 km/h, 200 km/h, and 300 km/h on the straight section (Figure1-7).
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Vehicle Speed First Round

Second Round

(kmvh]

400

g

0.1 02 03 04 05

Canal Northern
Section Loop

06

Canal
Section

07

Southern
Loop

08

09

Canal
Section

Northern
Loop

12 3 14

Canal Southern
Section Loop

15 16 17
Time
[x1000s]

Canal
Sectiol

Boarding
Platform

Source: Transrapid International (TRI)

Boarding
Platform

Boarding
Platform

Boarding
Platform

Boarding
Platform

Figure 1-7. Typical speed profile of TR08 at the Transrapid Test Facility

1.6 VIBRATION MEASUREMENTS

1.6.1 General

During the PEIS analysis, limited technical information was available for the
TRO8 Maglev System. Thus, TRO7 operational parameters were used to derive
potential vibration effects for the Transrapid Maglev System. In order to assure
that technical concerns are addressed accurately, in 2001 the FRA sponsored a
vibration measurement program carried out at the TVE on the TR0O8 vehicle as
part of pre-construction, site-specific environmental impact analysis. Test plans
are presented in Appendix A, and briefly summarized here. Conditions and
events at the time of actual measurement resulted in some deviations from the
original test plan; such deviations were considered minor and did not affect the
overall results. Measurement and analytical procedures actually employed are
described in detail in Chapter Two.
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The moving TRO08 vehicle interacts with the stationary guideway structure,
creating vibrations. These vibrations propagate out some distance until they
dissipate. The extent to which vibration energy propagates depends on the
characteristics of 1) the vehicle and guideway, and 2) the ground itself. The
vibration tests were performed according to the testing procedure described in
FRA'’s guidance manual, High Speed Ground Transportation Noise and Vibration
Impact Assessment (FRA 1998). This procedure allows the effect of ground
characteristics on vibration propagation to be separated from information about
the vehicle as a source of wayside ground-borne vibration. In order to
characterize the vibration propagation at a given location, transfer-mobility testing
was conducted by impacting the ground with a known force and recording the
resulting vibration pulses at various distances from the impact point. The
relationship between the input force and the ground surface vibration at a
particular distance characterizes a variable called the transfer mobility.

Vibrations from the multiple passbys of a TRO8 vehicle at varying speeds were
measured in the ground near the guideway using high-sensitivity accelerometers.
The Test Plan (Appendix A) called for vibration measurements at six different
locations along the TVE track (see Figure 2-1).

1.6.2 Applicability of Data

The measurements, data analyses, and conclusions presented in this report are
representative of the TR08 Maglev System as constructed in Germany and
tested at the TVE in August 2001. Any specific operational applications, such as
the construction of a maglev system elsewhere outside of TVE, would probably
modify both guideway and vehicle consist specifications (e.g., by modifying the
beam design and support structures or by employing different speed profiles) to
suit the site-specific operational needs as well as any environmental and/or
financial constraints. Such modifications could produce somewhat different
vibration levels which would therefore require further analysis during the site-
specific EIS process and, possibly, also require characterization during
acceptance and safety qualification testing of the TR08 Maglev System. The
information in this report will be helpful in any such future endeavor.

1.7 REPORT ORGANIZATION

This report is organized into an Executive Summary and seven chapters. The
Executive Summary presents an overview of the effort to characterize the
vibration associated with the TR08, and a summary of the data and major
findings. Chapter 1 provides background information on the Maglev Deployment
Program, states the objectives and approach of the field measurement effort,
describes the TRO8 technology, and presents the roles and responsibilities of the
various co-authors as well as other people involved in the measurement effort.
Chapters 2 and 3 present the vibration measurements, analyses, and results;
results are summarized in Chapter 4. Chapter 5 describes the validation and
verification process and results. The data are compared with similar data from
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other high-speed rail systems and set in a regulatory context in Chapter 6.
References are listed in Chapter 7.
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2.0 VIBRATION MEASUREMENTS

2.1 SITE DESCRIPTION

The vibration measurements were performed at the Transrapid Test Facility
(Transrapid Versuchsanlage Emsland (TVE)) in the Emsland region of Germany.
The TVE test facility includes 31.5 km (19.6 mi) of guideway as shown in Figure
2-1. The test track is made up of various guideway types and configurations.
The general areas where vibration measurements were performed are indicated
in Figure 2-1, although the concrete beam site was moved to Beam no. 231 for
better terrain (an enlarged version of Figure 2-1 is reproduced in Appendix A,
page A-27).

Transrapid Test Facility (TVE)
Locations for Noise/Vibration/EMF Measurements

Prototype ekevated steel baam - Type |
Prototype shevated concrets beam - Type | Lengthe= 2x25m= 50m (1995); Beam no. 213 - 214
LLength= 2x25m (1981); Beam no. 215-21 lom 14,650
T 14,600 TROE speed: approx. 400 km/Mh @
TR