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PREFACE

Rail transit systens are required under ADA to place detectable
war ni ngs al ong the edges of transit station platforns as a nmeans of
alerting individuals who are blind or who have |imted vision of
the drop-off hazard. The application of detectable warning
materials to existing transit station platformsurfaces is a matter
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of substantial concern to transit system personnel responsible for
selection and installation of such materials. This report, one of
a series on detectable warnings, sponsored by the Federal Transit
Adm ni stration, provides engineering information and gui dance to
rail transit systens and other interested parties on the
performance of eight different materials that have been field
tested at three transit systens.

This report was prepared by Technol ogy & Managenent Systens, Inc.,
of Burlington, Mssachusetts. The authors, H. Norman Ketol a and
David Chia, want to acknow edge the contributions that nmade this
report possible. The FTA's Ofice of Technical Assistance and

Saf ety sponsored the detectable warnings research with Lawence L.
Schul man, Associ ate Adm nistrator for Technical Assistance and
Safety; Vincent R DeMarco, Director of the Ofice of Engineering
Eval uati ons; Ronald D. Kangas, Director, Rail Division; and Irving
Chanbers, Project Manager, who provided direction and gui dance.

The project was conducted under a task order contract with the
Safety and Security Systens Division of the Vol pe National
Transportation Systens Center. The authors wi sh to acknow edge the
extensive efforts and contributions of the follow ng individuals at
the Vol pe Center: WIIliam T. Hathaway, Project Supervisor; Patricia
H. Ryan, Project Manager/ Contract Monitor; and Robert A. Rudich,
Seni or Engi neer.

The project would not have been possible w thout the full
cooperation of the eighteen detectable warning nmateri al

manuf acturers who provided sanple materials for |aboratory testing
and the eight manufacturers who installed their materials for field
testing. These manufacturers are identified by nanme and contact
person within the body of the report. The authors also gratefully
acknow edge the full cooperation of the Massachusetts Bay
Transportation Authority (MBTA), the Geater C evel and Regi onal
Transit Authority (GCRTA), and the Southeastern Pennsylvania
Transportation Authority (SEPTA) in providing test sites and
support services for the field testing of detectable warning
materials. In particular, we would |like to acknow edge the
following individuals fromthe transit systens who provided

| eadership on the field test activities and who al so partici pated
in the nmeetings of the National |nplenentation Panel on Detectable
Warnings: WlliamH Bregoli, Chief Engineer, MBTA, John P
Goodworth, Director of Passenger Facilities Prograns, GCRTA;, and
Carol H. Lavoritano, Assistant CGeneral Manager, Program Anal ysis,
SEPTA.

Robert W Stout, Director, Ofice of Regional Operations and Ranon
H. Lopez, Senior Engineer, Ofice of Gants Managenent, both of the
FTA, also contributed their expertise to the Nationa

| mpl enent ati on Panel .
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1. | NTRODUCTI ON

The Anmericans with Disabilities Act (ADA) of 1990 requires that al
transportation facilities and vehicles be accessible to persons
wth disabilities. The U S. Departnent of Transportation (U. S.

DOT) has issued regul ations covering transportation facility
accessibility, which include a requirenent that detectable warnings
must be installed along the edges of transit station platforns to
alert individuals who are blind or who have limted vision of the
drop-off hazard. This requirenent is applicable to all new transit
stations and to certain existing stations that have been desi gnated
as "key stations.”

A detectable warning is defined as a standardi zed surface feature
built in or applied to wal king surfaces or other elenents to warn
i ndi viduals with visual inpairnents of hazards along their path of
travel. Persons with little or no usable vision rely on tactile,
sound, and resilience contrasts to detect hazards. Persons with
some vision rely on visual contrasts to detect hazards. For the
transit station application, the detectable warning is a 24-inch
wde strip running the full |length of each platformedge. The

st andardi zed surface incorporates closely-spaced snall projections
or bunps, known as truncated dones.

1.1 PURPCSE AND SCOPE

The transit industry has expressed its concerns to U S. DOT
regardi ng potential problenms with detectable warning materials,
particularly, when they are applied to existing transit platform
surfaces. These concerns include the potential |oss of adhesion
between the material and the platform surface, the basic durability
and wear characteristics of the materials, and the maintainability
(i.e., cleaning and snow and ice renoval) of the installation.



This report is intended to provide information and gui dance to rai
transit systens based upon the results of a conprehensive
performance test and eval uation of detectable warning materials.
The scope of the testing and eval uati on program i ncl uded:

- Laboratory testing of eighteen detectabl e warning
mat eri al s.

- I n-service perfornmance eval uati on of eight detectable
warning material installations at six transit stations
| ocated at three transit systens (MBTA in Boston, GCRTA
in Cevel and, and SEPTA in Phil adel phi a).

The focus of the testing and eval uati on program was on engi neering
performance characteristics of the materials and the durability of
the field installations on transit station platfornmns.
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The data and results fromboth the | aboratory tests and
approxi mately seven nont hs of weat her exposure and foot traffic are
presented in this report, including material performance in:

- Adhesi on/ bondi ng to platform surface.
- Chi ppi ng or cracking.

- Changes i n appearance (col or).

- Slip resistance.

- Wear resistance.

The report also includes a sunmary of the findings of a National

| npl enent ati on Panel for Detectable Warnings. The Panel was forned
to provide guidance on the engineering testing and eval uati on
efforts and to provide a neans of gathering and di ssem nating

I nformati on about the process of selecting, installing, and

mai ntai ni ng detectable warning materials. Panel nenbers were drawn
fromrail transit systens, individuals with disabilities who use
rail transit, and disability advocates.

The FTA has al so sponsored a nunber of human factors research
proj ects conducted by Boston College related to detectable
warnings. The results of these projects, which are presented in
References | and 2, include:

- Under-foot detectability of thirteen different warning
surfaces in a sinulated transit platformsetting.



- Negotiability (ease/difficulty of maneuvering) on nine
different detectable warning surfaces placed on a ranp
with a slope of 1. 12.

- Detection of visual contrast by persons having very | ow
Vi si on.

1.2 ADA REGULATORY REQUI REMENTS

This subsection is intended to provide sone background i nformation
on the evaluation of the regulatory requirenents for detectable
warnings in transit systens. There have been a nunber of changes
in the regulatory requirenents for detectable warnings since the
Anericans with Disabilities Act (ADA) was signed into law on July
26, 1990.

The ADA requires that the Architectural and Transportation Barriers
Conpl i ance Board (Access Board) issue guidelines to ensure that
bui | dings, facilities, and vehicles covered by the |aw are
accessible to individuals with disabilities, in terns of
architecture and design,
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transportati on, and communi cation. Reqgulations issued by the U S.
Department of Transportation (U S. DOT) nust be consistent with the
Access Board's guidelines. The Access Board issued the Anericans
wth Disabilities Act Accessibility Cuidelines (ADAAG for

buil dings and facilities on July 26, 1991; and anended it on
Septenber 6, 1991, to include additional requirenents for
transportation facilities. U S. DOl has adopted ADAAG as the
accessibility standard for new construction and alteration of
transportation facilities by public entities covered by Title Il of
the ADA and for transportation vehicles covered by Titles Il and
[Tl

On Novenber 17, 1992, the U. S. DOT published a Notice of Proposed
Rul emaki ng (NPRM) in the Federal Register to anend its rules,

i npl enenting the ADA. The NPRM stressed U. S. DOI's concerns about
how best to retrofit existing station platforns wth detectable
warning materials. One nodification proposed extending the
conpl i ance date by eighteen nonths (fromJuly 26, 1993 to January
26, 1995) for the requirenent to install detectable warnings in
exi sting key stations. DOT reasoned, in the NPRM that rai
operators may need additional tinme to resolve issues of adhesion,
durability, and nmaintainability of detectable warning naterials in



the context of key station nodifications. The NPRM al so noted that
the Federal Transit Adm nistration (FTA) woul d pursue additi onal
research and eval uati on concerning the durability and detectability
of tactile warnings during the extension period that nmay hel p rai
operators in their efforts to solve the retrofit application
problem This report represents one elenent of the FTA's efforts
to provide additional information.

On Novenber 30, 1993, U. S. DOT issued a Final Rule, anending the
conmpletion date for the installation of detectable warnings in key
stations to July 26, 1994. The U. S. DOT response in the rule

stated that the twel ve-nonth extension, conpared to the eighteen-
nont h ext ensi on proposed in the NPRM would give transit properties
sufficient time to work out installation and rel ated probl ens

w t hout unduly delaying the addition of this inportant safety feature.

In addition to the FTA research efforts, the Access Board is
conducting a research project on the need for and effectiveness of
det ectabl e warnings on curb ranps and on wal kways that adjoin a
vehicle area where there are no curbs. The research project

I ncl udes postconstruction evaluations at thirty sites involving
curb ranps and hazardous vehicl e areas which have detectable
war ni ngs as required by ADAAG and at thirty other sites that were
constructed w t hout detectabl e warnings.

The Access Board's detectable warning research project also
contains an optional Phase Il which includes testing the usability,
detectability, and wearability of detectable warnings in the curb
ranp application; devel oping draft recommendati ons for technica
and scopi ng changes for detectable warnings in the ADAAG and

devel oping a conposite technical report and technical article.

On April 12, 1994, the Access Board published a joint final rule
with the Departnent of Justice and U. S. DOT to suspend
tenporarily - until July 26, 1996 - requirenents for detectable
war ni ngs at curb ranps, hazardous vehicul ar areas, and reflecting
pools. This
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action does not affect the ADAAG requirenent for detectable
warnings at transit platforns, which remains in effect.

The di mensions of the standardi zed detectabl e warni ng surface have
been specified by the Access Board in the ADAAG (at 4.29.2). These
consi st of a standardi zed surface that incorporates snmall truncated
donmes at closely spaced intervals (see Figure 1-1). The

requi renents for detectable warnings in transportation facilities
were published in Section 10 of the ADAAG  The Access Board



requi red pl atform edges bordering a drop-off and not protected by

pl atform screens or guard rails to have a detectabl e warning 24-

I nches wide running the full length of the platformdrop-off in new
construction, "key stations" (i.e., existing facilities neeting

US DOl criteria), and intercity rail stations.

The Access Board issued "Bulletin #1: Detectabl e Warni ngs" in My,
1992, to provide technical guidance to manufacturers and purchasers
of detectable warning materials. A revised version of Bulletin #1
was issued in April, 1994 (Reference 3). The dinmensions shown in
Figure 1-1 are based on diagrans presented in Bulletin #1.

1.3 TECHNI CAL APPROACH

The comments submtted by the industry in response to the

rul emaki ng process indicated that operators of rail transit
systens were seeking technical information to answer the follow ng
questi ons:

- What probl ens can be expected if a detectabl e warning
material is installed on top of platforns nade of
concrete, asphalt, or wood?

- Which materials are nost slip-resistant under all
potential weat her and wetness conditions?

- Which material installations are the nost durable in
terms of retaining their original characteristics and
physi cal configuration (particularly no lift-off or
separation of edges) after extensive use and weat her
exposur e?

- Which materials can be nmechanically fastened to provide
addi ti onal protection against lift-off or separation?

- VWhich materials are npst resistant to the effects of
cl eani ng and nmi ntenance, particularly, snow renoval ?
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It was anticipated that the answers to these general technical
guestions would assist transit systens in selecting materials which
best fit their systemneeds. Furthernore, it was expected that no
single material /nmethod of installation would prove to be superior
in all respects for all situations. For this reason, it was
decided that engineering and field test results woul d be presented
in the formof a conparative evaluation of the performance of all
detectable warning materials that were selected for testing and
evaluation. Individual transit systens could then use the
information fromthe program along with their own test results on
detectable warning materials, to decide the nost suitable for their
needs.

There were a nunber of issues and considerations that had to be
factored into the technical approach for the testing and eval uation
program These issues and considerations included: the w de

vari ety of products, indoor and outdoor station requirenents, and
retrofitting platforns.

Nunber of Manufacturers, Product Options, and Updates.

There are a | arge nunber of detectable warning manufacturers, wth
some offering two different types of materials such as coated netal
and pol yner conposites. In addition, many manufacturers follow a
product inprovenent cycle in which they are regularly making
changes in the chem cal formulation of the base products, or in the
coati ngs, adhesives, or the nechanical design of the product.

| ndoor vs. CQutdoor Stations.

The requirenments for detectable warning material installation at an
I ndoor station are considerably different than those of an outdoor
station. For exanple, the ADAAG requires that interior
applications provide a contrast in resilience or in sound when
sensed by a cane conpared to the adjoining wal king surface. Wth
interior stations there are also nore concerns with regard to fire
resi stance of the material and the presence of any volatile organic
conpounds (VOCs) during the installation process. Qutdoor

i nstallati ons have to be nore resistant to weat her exposure (snhow,
ice, and sun) and the effects of maintenance (snowpl ow ng and

dei cing chem cal s).

Transit Station Platform Construction

The retrofit of detectable warning materials onto existing
platfornms is affected by the underlying material surface. Many
transit systens have a variety of station construction designs,
where the detectable warning material nust be placed onto a base
surface such as concrete, asphalt, ceramc tile, or wood.

The effect of the factors noted above required that the test
program be structured in a manner that narrowed the nunber of



conmbi nations of materials/installations/stations to be field tested
in an operating transit environnent. To ensure that outcone, the
foll om ng approach was used.

- Each manufacturer participating in the denonstration
programwas allowed to submt one material for testing:
the one it believed to be best for the outdoor
application. An outdoor installation provides a nore
ri gorous environnment to test the performance of the
materials with regard to adhesion, durability, and wear.
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- The detectable warning materials submtted by
participating manufacturers were first subjected to
| aboratory testing by an independent |aboratory. The
| aboratory tests were used to neasure nechani ca
properties and durability characteristics using
standardi zed (Anerican Society for Testing and
Materials - ASTM test protocols.

- The materials that exhibited better performance in the
| aboratory tests were sel ected as candi dates for
installation at transit stations for the field test
portion of the denonstration program No changes in the
type or conposition/installation characteristics by the
manuf acturers were all owed between the | aboratory tests
and the field test.

- Field tests were conducted at both indoor stations and
out door stations to denonstrate a full range of
envi ronnment al and passenger use inpact on the sel ected
materials. Al installations were nade on existing
concrete platforns or passageways, wth the exception of
one interior installation on an existing paver tile
sur f ace.

The technical approach to data collection during the installation
and field testing was designed to provide information on of the
follow ng i ssues and perfornmance characteristics:

- Retrofit installation. Requirenments of tine, |evel of
effort, special tool s/equipnent, and assessnent of skills
to install detectable warning materials at an existing
transit platform edge.

- Installation integrity over time. An evaluation of any



lift-off or separation of the materials fromthe
substrate, fractured or chi pped dones, cracked or broken
tiles, |oosened or m ssing nechanical fasteners, buckling
or rolling of surface, or evidence or water penetration
under the surface.

- Durability. War neasurenents determ ned by the change
i n average done height after a uniformtine period and
changes in the appearance (color) of the surface after
exposure.

- Weat her-rel ated performance. Changes in the material or
installation attributable to weather conditions such as
freeze-thaw, exposure to sun, or use of salt or other
dei ci ng agents.

- Mai nt enance-rel ated performance. Effect of cleaning
agent s/ techni ques on surface color or staining, evidence
of gumremants or cigarette bunms, and effect of snow and
i ce renoval
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2. LABORATORY TESTI NG OF DETECTABLE WARNI NG MATERI ALS

This section provides a description of the process used to identify
det ect abl e warni ng manufacturers, the | aboratory testing that was
conducted on sanple materials submtted by participating

manuf acturers, an exam nation of test results, and the sel ection of
materials for field test installation at transit station platforns.

2.1 DETECTABLE WARNI NG MANUFACTURER PARTI Cl PATI ON

The follow ng procedure was used to identify detectabl e warning
manufacturers and solicit their participation in the program

- Letters were sent to twenty detectabl e warning
manuf acturers identified by the Access Board in Bulletin
#1 (Reference 3) and those additional manufacturers that
responded to a notice placed in the Commerce Busi ness
Daily (April 5, 1993) by the Vol pe Center. Qut of the
twenty manufacturers, one did not respond, and anot her
responded but declined to participate.

- Manuf acturers that responded to the initial letter were
requested to send twenty sanpl e pieces of their product



to an i ndependent |aboratory for testing. Eight of the
sanpl e pieces were to be bonded to a concrete substrate.

- A total of fourteen manufacturers responded to the
request and submtted sanples. The manufacturers are
identified in Table 2-1. |In addition, Table 2-1 contains
t he nanmes of an additional four manufacturers that had
i ndicated an interest in participating in the FTA
program but whose materials were already being tested by
t he sanme i ndependent | aboratory under a program sponsored
by the New York MIA's Metro-North Comruter Railroad
(MNCR). Since the sanme tests were being conducted, the
test results for these four additional materials were
al so considered (under a cooperative agreenent with the
MNCR) as potential candidates for the FTA field test
program

Appendi x A provides detailed informati on on each of the eighteen
detectable warning materials identified in Table 2-1 including the
nanme and tel ephone nunber of the manufacturer, the type of materi al
and di nensi ons, and typical fastening nethods.
2-1
Table 2-1
Manuf acturers Participating in Laboratory Testing Program

MANUFACTURER  TRADE NAME MATERI AL DESCRI PTI ON

A Mat eri al s Tested Under FTA Program

ADA Consul tants Al ert Mat Bl ended rubber conpounds
Advant age Metal Systens Det ect abl e War ni ng Pol ymer coat ed

Syst ens steel or alum num
Bri dgco ADA Pat h Pol ymer concrete
COTE-L Enterprises Safti-Trax Pol yur et hane dones with

" Dur abak" pol yuret hane

Crossville Ceramcs Tac-file Ungl azed ceramc tile
Dal -Til e Corp. Det ect abl e War ni ng Ungl azed porcel ain

Tile tile
Hasti ngs Pavenent Co. ADA Pavers Pre-cast clay or shale

bricks



Inco Chem cal Supply Co. T.actile Warning

NBS/ Awar e & Concer ned

Servi ces
Rehau, | nc.

Steps Plus, Inc.

Summitville Tile
Transpo | ndustries

Whi t acr e- G eer

B. Materi al s Tested Under

Carsonite |Internationa

Engi neered Pl astics

H gh Quality Tactile

Systens

Strongwal | Systens

System

Det ect abl e Warni ng
MVat

Access Tactile Tile

Det ect abl e War ni ng
Units

Tactil e-Tread
St ep- Saf e

Paver

t he MNCR Program

Pat hf i nder

Arnmor-Til e

Tac Strip

St rongwarn
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2.2 LABORATORY TESTI NG PROTOCOL AND RESULTS

Pol ymer concrete

Rubber nmat

Ther nopl asti ¢ pol yur et hane

Pre-cast concrete

A azed porcelain tile
Pol ymer concrete

Sl ate bricks

Fi ber reinforced pol ynmer
conposite

Vitrified polyner conposite

Pol ymer conposite

Two- conponent pol ymer
concrete

A brief summary of the |aboratory testing program procedures and
(For the conpl ete description see
Ref erence 4.) The follow ng | aboratory test protocol was adapted

results are presented here.

based on consultation with the testing | aboratory.

Whenever

possi ble, the | aboratory test procedure was selected fromthe
applicabl e American Society for Testing and Materials (ASTM

standard test nethods.



LABORATORY TEST PROTOCOL FOR DETECTABLE WARNI NG MATERI ALS

1. Wat er Soaki ng Screeni ng (Non- ASTM
(initial soaking of sanples in a water bath for 55
hour s)

2. Adhesi on/ Bond Strength - ASTM C 482 (Dry and Wet)
(applicable to bonded material sanpl es)

3. H gh Pressure Hot WAter Resistance (Non-ASTM
(representative of heavy duty surface cl eaning
procedur e)

4. Wear Resistance - ASTM D 658 ( Sandbl asti ng)

5. Slip Resistance - ASTM C 1028 (Dry and Wet)
(to include recessed areas between truncated dones
when appl i cabl e)

6. | npact Resistance - ASTM D 3029 (Cold and Hot)

The general procedure was to conduct each test on all of the
materials follow ng the protocol shown above. |If a material or
bonded sanpl e perfornmed very poorly in the water soaking screening
or adhesion/bond strength tests, it was excluded fromthe bal ance
of the test protocol. The results of the |laboratory testing are
summari zed bel ow.

- The wat er soaki ng screening tests (non-ASTM were
performed on all materials submtted. After soaking in
water for fifty-five hours, materials that were bonded to
a substrate were put through the wet strength portion of
t he adhesi on/bond strength tests (ASTM. The bond
strength test is a wedge test whereby a wedge or "knife
edge" is forced in between the material and the substrate
and a neasurenent is made of the force required to cause
a failure in the bond. Four of the fourteen materials
tested under the FTA program (and one under the M\CR
Program conpletely failed the wet adhesi on/bond strength
test, i.e., the detectable warning material separated
fromthe substrate with zero force applied (peeled off
easily by hand). These four materials were screened out
fromfurther testing. Three additional materials were
found to have poor adhesion/bond strength; however, other
| aboratory tests were conducted to confirmthe testing
| aboratory's assessnent of material quality.
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Four materials that were bonded by adhesive to a
substrate provided good test results wth wet
adhesi on/ bond strength ranging from 200 to 1,250 pounds
of force. An adhesion/bond strength test was not
conducted on four other materials which were nechanically
bonded and on two others submtted as unbonded sanpl es.

- The high pressure hot water tests denonstrated very
little variation in product performance for the materials
tested. These tests essentially confirned the earlier
results that were found in the water soaking screening
and adhesi on/ bond resi stance tests.

- The wear resistance tests showed a wide variety in
performance of the various detectable warning materials.
The wear created by the sandbl ast (as neasured by the
depth of the hole created) ranged fromzero to nearly one
inch after thirty seconds of blasting. Mst materials
were in the 0.1 inch to 0.2 inch depth range after thirty
seconds.

- The slip resistance tests showed that all of the
materials were slip resistant and none of them had a
coefficient of friction (COF) less than 0.6. This is the
m ni nrum val ue recommended by the Access Board. The range
of COF values in dry conditions ranged froma | ow of 0.81
to a high of 1.14. In wet conditions, the range was
0.66 to 1.03.

- The i npact resistance tests were conducted under room
tenperature, hot, and cold conditions. These tests also
denonstrated a wi de range of nmaterial performance. In
general , rubber-based and pol ynmer conposite materials
performed quite well, and the nore rigid products
(cenmentitious and ceramic tile), as one m ght expect,
perfornmed poorly. Eight of the products tested were
found to be reasonably inpact-resistant under all
tenperature conditions.

It should be noted that the materials tested under the MNCR Program
were subjected to a nore extensive set of |aboratory tests. These
additional tests included the Fl ame Spread | ndex Test (ASTM E 84),
whi ch neasures flammbility and snoke em ssion paraneters. Al of
the pol ynmer conposite materials tested under the NMNCR Program
(Carsonite International's Pathfinder, Engineered Plastic's Arnor-



Tile, and High Quality Tactile Systens' Tac Strip) were subjected
to this test. The detailed results fromthese fire tests, and al

ot her tests conducted, are presented in Reference 5. Wth regard to
the ASTME 84 test, all of the naterials tested exhibited fire

resi stance characteristics which were quite favorable.
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2.3 SELECTI ON OF MATERI ALS FOR FI ELD TESTI NG

A total of ten detectable warning material products were sel ected
for field testing, as shown in Table 2-2. These ten materials were
selected on the basis of their relative performance in each of the
| aboratory tests. Al materials that were tested in the slip

resi stance and hi gh pressure hot water tests effectively passed
each test, i.e., the COF was above the m ni mum val ue and t he
materials were not affected by the water. Therefore, the materials
sel ection was based on the results fromthe water soaking
screeni ng, adhesi on/bond strength, wear resistance, and inpact
resi st ance.

The ten selected manufacturers were invited to participate in the
field testing program The invitation included a request that the
materials be installed at each of the three transit systens
(Boston, devel and, and Phil adel phia) that had been sel ected as
denonstration test sites. Two of the ten manufacturers, as

i ndicated in Table 2-2, declined the request for field testing of
their products.
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Table 2-2
Det ect abl e WArning Materials Selected for Field Test

MANUFACTURER TRADE NAME
ADA Consul tants Al ert Mat
Bri dgco* ADA Pat h
Carsonite International Pat hf i nder
Crossville Ceramcs Tac-Tile

Engi neered Pl astics Arnmor-Tile



Hasti ngs Pavenent ADA Pavers

H gh Quality Tactile Systens* Tac Strip

Rehau Access Tactile Tile
Summitville Tile Tacti |l e- Tr ead
Transpo, Industries St ep- Saf e

* These two manufacturers declined the invitation to participate in
the field test portion of the program
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3. FIELD TEST | NSTALLATI ONS AND PERFORMANCE RESULTS

This section of the report describes the field test portion of the
programincludi ng: a discussion of the purpose of the field testing
and the types of information that were collected; the selection of
the test sites; the activities conducted to coordi nate and oversee
the installation of the detectable warning material at the test
sites; and performance results fromthe test installations,
presented for each test site and for each installed naterial.

3.1 FIELD TEST | NSTALLATI ONS

The primary goal of the field testing was to docunent the
performance of the sel ected detectable warning materials when
subjected to the rigors of revenue transit service. A secondary
goal of the field testing was to observe and docunent the
Installation procedures of these materials in aretrofit
appl i cati on.

The initial activities of the field testing involved the
installation of the detectable warning materials at the transit
systemtest sites. At each systemthere was an indoor site and an
outdoor site. Each installation was nonitored and information
recorded through witten notes, photographs, and vi deotapes. Data
was col |l ected on many subjects: the skill, effort, and tools -
required for installation; the versatility of the materials under
vari ous conditions; and the appropriateness of the nmaterials for
retrofit.

The three indoor installation sites were not |ocated along transit



pl atf orm edges; rather, the sites were |ocated within their
respective stations in corridors that had high pedestrian traffic.
The intent of these placenents was to expose the materials

i nstalled indoors to "accel erated"” wear in conparison to the wear
that they would undergo if installed along a platformedge. This
hel ped to conpensate for the conpressed tine frame of the field
testing.

O the three outdoor installation sites, two were along rapid rai
pl at f orm edges and one was adjacent to a comruter rail platform
edge. The materials installed at these sites were al so exposed to
pedestrian traffic. The primary purpose for the outdoor

i nstal l ati ons, however, was to expose the naterials to the effects
of weather (particularly wnter conditions) and the w nter

mai nt enance practices of the transit systens, e.g., snow and ice
renoval .

3.1.1 Sel ection of Installation Sites

Sel ection of the transit systens was based on the foll ow ng
criteria:

- Rail stations, both i ndoor and outdoor, where test
materials could be installed, were available to the
transit systens.
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- The availability of the rail stations fit within the tine
frame of the project.

- The transit systemwas |located in an area with snow and
icy wnters.

- The transit systemwas able to provide some technical and
adm ni strative support in arranging and nonitoring the
i nstal |l ati ons.

- The transit systemall owed cutting and renoval of
concrete substrate from platform edges and interior
corridors to accommpdate the placenent of detectable
war ni ng materi al s.

After reviewing the criteria with several transit systens, the MBTA
(Boston), GCRTA (C evel and), and SEPTA (Phil adel phia) were
sel ected. These transit systens net the criteria and al so
expressed their interest in acting as hosts for the field tests and



in using the findings of the denonstration and eval uati on program
to help them choose detectable warning materials for their rai
stations.

3.1.2 Preparation for Installation Activities

Once the MBTA, GCRTA, and SEPTA agreed to host the field tests, it
was necessary to work closely with staff fromeach of the systens
to select the stations where the installations would take place and
to set up procedures for scheduling individual installations.

The installation sites at the i ndoor stations had to neet these
criteria:

- Hi gh pedestrian traffic.

- Surface that could be cut to a depth of, at l|least, three
i nches. (1)

- Once installed, the materials would not disrupt passenger
fl ow or confuse individuals with vision inpairnents.

The three outdoor installation sites had to neet these criteria:

- Direct exposure to precipitation.

- Surface that could be cut to a depth of, at |east, two
i nches. (2)

- Once installed, the materials would not pose a safety
hazard to passengers or confuse individuals wth vision
i mpai r nent s.

(1) The depth of surface cut at the indoor |ocations was based on
the need to accommbpdate a thick material (approximtely 2 inches).

(2) The depth of cut at the outdoor |ocations was based on the
need to avoid cutting of platformedge structural reinforcenents.
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In addition, the host transit systens had their own considerations
in the selection of the installation sites. For exanple, all three
systens chose outdoor sites at stations that were schedul ed to have
maj or renovations within the next few years. Table 3-1 lists the
six installation sites for the field tests.

Tabl e 3-2 provides informati on about each station's passenger
traffic, exposure to the environnent, and transit system



mai nt enance.

The operations, facilities, and engineering divisions of the host
systens were involved to make sure that electric power and water
needed by the installers would be available at the installation
sites. It was al so necessary to determne the tinmes and days when
installation could take place and provi de any speci al arrangenents
that were necessary for an installation (e.g., flaggers; for work
along a track). Table 3-3 lists installation size, the tines and
days available for installation, and special conditions for

i nstallation of the detectable warning materi al s.

Coordination of the test installations with the nmanufacturers began
I mredi ately after their products were selected for the field tests.
The dates for each installation were arranged to neet the schedul es
of both the manufacturer and the transit system |In addition, sone
of the installations involved a fourth party: manufacturers that
did not have in-house staff to install their material had to hire a
| ocal contractor to performthe work.

I n advance of the installations, manufacturers were provided

i nformation, including a station specification page, on each of the
Installation sites. Figure 3-1 presents a sanple specification
page. Each manufacturer that installed its material at the MBTA' s
Orient Heights station received this specification page.

3.1.3 Install ation

Each test installation of the manufacturers' detectabl e warning
materials was nonitored by the project staff. Monitoring

responsi bilities included the recording of information and
observations about the installation on a data collection form The
I nformation col |l ected incl uded:

- Weat her conditions (for outside installation).
- Installation size and | ocation

- Installation crew size and tools used.

- Install ati on steps.

Appendi x B presents the data collection formused at installations.
I n addition, photographs and videos were taken of each
I nstallation.

3-3

Table 3-1
Field Test Installation Sites



SYSTEM STATI ON (LI NE) LOCATED W THI N STATI ON

Qut door
MBTA Orient Heights
(Rapid Transit - Blue Line)
GCRTA Triskett Street
(Rapid Transit - Red Line)
SEPTA Bet hayr es
(R3 Comruter Rail)
| ndoor
MBTA South Station
(Rapid Transit - Red Line)
GCRTA Br ookpar k
(Rapid Transit - Red Line)
SEPTA 8th Street

(Rapid Transit - Blue Line)
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Qut bound PI at f or m Edge

Qut bound and | nbound
Pl at f or m Edges

At Top of Steps Between
Platforns and Station

Pedestrian Corridor on
Mezzani ne Level

Pedestrian Corridor Leading
to Platforns

Pedestrian Over pass
Connecti ng East bound and
West bound Pl at f orns


http://www.fta.dot.gov/library/technology/DWT/DWT35.GIF
http://www.fta.dot.gov/library/technology/DWT/DWT36.GIF
http://www.fta.dot.gov/library/technology/DWT/DWT37.GIF

Install ati on Condi ti ons- Bost on
Det ect abl e Warning Materials

Qut door - MBTA Bl ue Line, Orient Heights Station, Qutbound Pl atform
| ndoor - MBTA Red Line, South Station, Mezzani ne Level Wl kway

Pre-installation

- Fill out MBTA Permt to Visit and General Rel ease
- Attend safety orientation - rapid transit

Installation at Orient Heights

- Wor k hours
- 1: 00 amto 5:00 am weekdays and Sat ur day
- 1: 00 amto 6: 00 am Sunday
- Mat eri al s and equi pnent can be noved onto platform
starting at 12: 00 m dni ght
- All materials and equi pnent to be renoved and area to be
broom cl ean at end of work hours

- Station access for equi pnment
- Station is at grade level, entry through 4-foot w de gate

- Uilities avail able
- El ectric power-120 volt, 15 anp power; contractor to
provi de extension cords
- Wat er-avai |l able from a washroom contractor to supply
hose or bucket
- Restrictions on use of gasoline-powered equi pnent: none

- Pl at f orm descri ption
- Platform depth: 7 inches
- Rebar depth is greater than 2 inches
- No netal edge or bunper at platform edge
- Platform condition: Good-m ninmal spalling or cracking

Figure 3-1
Speci fication Sheet for Orient Heights Station
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The install ati ons extended over a nuch | onger period than
originally planned. This was due to a conbi nati on of several



factors. First, the selection of installation dates was del ayed
for certain manufacturers whose in-house installers were occupi ed
by ot her projects, or who needed extra tinme to hire a |ocal
contractor. The delays led to the postponing of installations from
the fall of 1993 to the winter of 1993-1994. During the winter the
abundance of snow, rain, and extrene cold caused further del ays.

The staggered installation dates neant that various materials had
different exposure periods to passenger traffic and weather, for
exanpl e, the exposure period for naterials installed in Decenber
was | onger than the exposure period for materials installed in the
foll owm ng February. The eval uation process accounts for the tine
exposure variable, and the presentation of performance results for
each material always includes the nunber of exposure days.

Si x of the participating nmanufacturers were able to install their
products at two transit systens, while the other two were able to
install only at one system Mst manufacturers were unwilling to
install at all three transit systens due to the cost. In addition,
because of the weather delays, certain manufacturers that had

pl anned to install at all three transit systens were not able to
schedule the full set of installations. Table 3-4 |ists the
conpleted test installations, at both the indoor and outdoor test
sites at each system

In addition to observation and data collection, the on-site project
staff nonitor at each installation acted as a facilitator, working
wWth transit systemstaff to resolve any unexpected probl emns.

These included: changes in installation tinme w ndows, obtaining
extra time for the setting of adhesives used in the bondi ng of
materials to the station surface, obtaining flagger services, and
ensuring access to utilities.

3.2 FIELD TEST RESULTS

The results of the field tests of the detectable warning materials
are presented in tw parts:

- Qualitative informati on and phot ographs illustrating the
condition of the material and the installation after a
speci fied nunber of days of exposure.

- Quantitative data on the wear resistance of the materials
based on the neasurenent of done heights at the indoor
"accel erated wear" test section.
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Tabl e 3-4
Conpl eted Test Installations

MANUFACTURER | NDOOR OQUTDOOR
PRODUCT NAME
MBTA GCRTA SEPTA MBTA GCRTA SEPTA
ADA Consul tants X X
Al ert WNat
Carsonite International X X X X
Pat hf i nder
Crossvill e Ceram cs X X X
Tac-Til e
Engi neered Pl astics X X X X
Arnmor-Til e
Hasti ngs Pavenent X X
ADA Paver
Rehau X X X

Access Tactile Tile

Summitville Tile X X
Tactil e Tread

Transpo | ndustries X X X X
St ep- Saf e
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3.2.1 Field Test Results - Condition of the Material and

Installation After Exposure

At each field test site there were at | east two sets of
observations and photographs recorded in order to determ ne changes
in the condition and performance of each material. The first set
of observations and phot ographs were taken i medi ately after the
installation was conplete. These neasurenents served as the
baseline for the initial material/installation condition and visual



appearance. The | ast set of observations was made at the | atest
possi bl e date all owed by the evaluation tinme schedul e (May/June
1994) in order to allow the nmaxi nrum exposure tinme for al
installations. The specific dates for each test installation
measur enment and the nunber of exposure days for each material is
cited as part of the results. Appendix C displays the formused to
coll ect data during the observation visits to each test site.

The specific observations and phot ographs recorded i nclude the
foll owi ng condition and performance factors:

- Cracki ng and chi pping of the nmaterial.

- Lifting edges or bubbles under the material.
- Probl ens with nmechani cal fasteners.

- Di scol oration of the surface.

- Integrity of the installation

The field test results on material and installation condition are
presented for each transit system The results for each transit
systeminclude the nunber of exposure days for each material and a
brief description of sonme typical problens encountered.

Phot ographs are used to illustrate specific problens of materi al
condi tions.

A sunmary section presenting a conprehensive overview of the
condition of each material and installation follows the transit
system descri ptions and phot ographs.
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3.2.1.1 MBTA - Table 3-5 lists the test installations at the
Oient Heights station (outdoor) and at South Station (indoor),
along with the nunber of days of exposure for each material, as of
June 1, 1994. The two Boston sites had the greatest nunber of
installations, with seven nmaterials at South Station and siXx
materials at Orient Heights.

In terms of ridership, South Station was the nost heavily used
I ndoor station in the test program The materials installed at
South Station were subject to the nost foot traffic.

The Orient Heights station was the busiest of the test programs
outdoor sites. 1In addition, four of the six materials were in

pl ace during a particularly cold and snow winter. This provided a
good initial test for their performance in an outdoor setting.



Some typical results of exposure are shown in Figure 3-2, which
presents a photograph of the installation of Rehau's Access Tactile
Tile at South Station. One of the tiles has conpletely lifted off
the surface. Conplete results for this material and all other
materials are presented in the field test sunmary section..

Figure 3-3 shows a portion of the installation of Transpo's Step-
Safe at Oient Heights. One tile has cracked and is no | onger
bonded to the platform
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Tabl e 3-5
MBTA Test Install ations

MANUFACTURER EXPOSURE DAYS (AS OF JUNE 1, 1994)
PRODUCT NAME
ORI ENT HEI GHTS SOUTH STATI ON
( QUTDOOR) (1 NDOCOR)

Carsonite |International 177 179
Pat hf i nder
Crossville Ceram cs 14 121
Tac-Til e
Engi neered Pl astics 165 164
Arnmor-Til e
Hasti ngs Pavenent Not I nstall ed* 141
ADA Paver
Rehau 36 78
Access Tactile Tile
Summitville Tile 161 167
Tactil e Tread
Transpo | ndustries 168 167

St ep- Saf e
* Material too thick for installation on platform
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3.2.1.2 GCRTA - Table 3-6 lists the test installations at the
Triskett Street station (outdoor) and at the Brookpark station
(i ndoor), along with the nunber of days of exposure for each
material, as of May 23, 1994. O the six test sites, these two
sites had the | ongest exposure to passenger traffic, naintenance
and cl eaning, and weather. The final set of neasurenents and
observations at the Cleveland stations took place nearly seven
nonths after conpletion of the installation of the materi als.

The ridership at the two stations was nuch | ower than the ridership
at the MBTA stations or at SEPTA's 8th Street station. The
resulting wear that took place at Triskett and Brookpark may be
typical of the wear that takes place at stations of small- and
medi um si ze rail systenms, or |owuse stations of |arger rai

syst ens.

Sel ected results denonstrate a change in the col or of ADA
Consultant's Alert Mat installation at Brookpark after 200 days of
exposure as shown (see Figure 3-4). The sanple piece in the center
Is a portion of the material that was not installed.

Figure 3-5 displays a portion of the Transpo Industries' Step-Safe
installation at Triskett Street. Notice the three chipped dones
al ong the bottom row.
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Tabl e 3-6
GCRTA Test Install ations


http://www.fta.dot.gov/library/technology/DWT/DWT314.GIF
http://www.fta.dot.gov/library/technology/DWT/DWT315.GIF

MANUFACTURER EXPOSURE DAYS (AS OF MAY 23, 1994)
PRODUCT NAME

TRI SKETT STREET BROOKPARK

( QUTDOOR) (1 NDOCOR)
ADA Consul tants 200 201
Al ert Mat
Carsonite International 201 202
Pat hf i nder
Hasti ngs Pavenent Not Install ed* 200
ADA Paver
Transpo | ndustries 200 201
St ep- Saf e

* NMaterial too thick for installation on platform
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3.2.1.3 SEPTA - Table 3-7 lists the test installations at

Bet hayres station (outdoor) and at the 8th Street station, along
wi th the nunber of days of exposure for each material, as of My
20, 1994.

Many of the nmanufacturers who had already installed their products
for evaluation at MBTA and GCRTA did not carry out installations at
the last site. For this reason, as shown in Table 3-7, there were


http://www.fta.dot.gov/library/technology/DWT/DWT318.GIF
http://www.fta.dot.gov/library/technology/DWT/DWT319.GIF

only three materials tested at 8th Street and one material at
Bet hayr es.

Sel ected results include the display of a portion of Rehau's Access
Tactile Tile installation at 8th Street (see Figure 3-6). The

caul king at the bottom edge has begun to | ocosen fromboth the tile
and the platformsurface.

Figure 3-7 displays a portion of Engineered Plastics' Arnor Tile
installation at Bethayres. There is sonme accumnul ated dirt and sand
but no visible chipping or adhesi on probl ens.
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Table 3-7
SEPTA Test Install ations

MANUFACTURER EXPOSURE DAYS (AS OF MAY 23, 1994)
PRODUCT NAME
BETHAYRES 8TH STREET
( QUTDOOR) (1 NDOOR)
Crossvill e Ceram cs Not | nstall ed* 40
Tac-Til e
Engi neered Pl astics 87 86
Arnmor-Til e
Rehau Not | nstall ed* 113

Access Tactile Tile
* Due to cold tenperature conditions
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http://www.fta.dot.gov/library/technology/DWT/DWT322.GIF

Cick HERE for graphic.
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3.2.2 Summary of Field Test Results - Condition of Materials
and Installation

Tabl es 3-8 through 3-15 provide a sunmary of the field test results
for each material based on a conpilation of the observations nade
during site visits. The summary for each product includes the
followi ng information:

- Station(s).

- Installation size(s).
- Days of exposure.

- Qbservati ons.

The observations for each nmaterial are grouped by either outdoor or
I ndoor installation. The observations note conditions such as:

- Vi si ble wearing of the dones or base.
- Cracks and chips in the material .

- Changes in color.

- Accunul ation of dirt.

- Loosening of tiles or fasteners.

- Loss of adhesi ves.

These observations, along with the analysis of the donme wear at the
i ndoor installations, formthe basis for the performance assessnent
of the materials presented in Section 4.
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Tabl e 3-8
Performance of Installed Material s

ADA Consul tants
"Alert Mat"

OUTDOOR | NSTALLATI ON(S) :


http://www.fta.dot.gov/library/technology/DWT/DWT323.GIF

St ation: GCRTA Tri skett

Si ze: 24" x 2' (yellow); 12" x 2' (bl ack)

Exposure Days (as of May 23): 200

Observati ons:

Yel | ow mat s have faded consi derably.

Nearly all fasteners are rusted.

Large air bubbles under 2 (of 4) yell ow mats.
Yel |l ow mats can be easily pried off platformusing fingers.

ORhONPE

| NDOOR | NSTALLATI ON(S) :

Station: GCRTA Br ookpar k
Si ze: 8 x 34"
Exposure Days (as of My 23): 201

nservati ons:

1. Dones are snoot hest of the four materials installed at
Br ookpar k.
2. Mat s have accumul ated nuch dirt; original yellow color is
hardly vi si bl e.
3. About three-fourths of fasteners are rusted.
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Tabl e 3-9

Performance of Installed Material s

Carsonite | nternational

"Pat hfi nder"
OUTDOOR | NSTALLATI ON(S) :
St ation: GCRTA Tri skett
Si ze: 12' x 2'
Exposure Days (as of My 23): 201
Station: MBTA Orient Heights
Si ze: 30" x 2

Exposure Days (as of June 1): 177

Base surface has many cracks al ong inside edge of installation.



hservati ons:

1 (BOTH) Cracks spreading fromnnmany fastener dones.

2 (GCRTA) Sone chi pped dones al ong inside edge of installation.
3. (BOTH) Dirt has accunul ated on fastener caps.

4 (BOTH) Air pocket under several panels.

| NDOOR | NSTALLATI ON(S) :

Station: GCRTA Br ookpar k

Si ze: 8 x 2

Exposure Days (as of My 23): 202

Stati on: MBTA South Station
Si ze: 8 x 2

Exposure Days (as of June 1): 179

Qobservati ons:
1. (BOTH) Vi sible wear on dones: many textured dones are now snoot h.
2. (BOTH) Dirt has accunul ated on fastener caps.
3. (BOTH) Lip of installations are noticeably higher than
adj oi ni ng surface.
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Tabl e 3-10
Performance of Installed Materials

Crossville Ceram cs

"Tac-Til e"
OUTDOOR | NSTALLATI ON(S) :
Station: MBTA Orient Heights
Si ze: 20" x 2
Exposure Days (as of June 1): 14
Qobservati ons:
1. “"A" and "B" tiles not alternating: inproper done spacing.
2. No wear problens to date.

| NDOOR | NSTALLATI ON( S) :



St ation: MBTA South Station

Si ze: 8 x 2

Exposure Days (as of June 1): 121

Station: SEPTA 8th Street
Si ze: 7 x 2

Exposure Days (as of My 20): 41

Qoservati ons:

1. (MBTA) "A" and "B" tiles not alternating: inproper done
spaci ng.

2. (BOTH) Dull yellow col or.

3. (BOTH) No signs of wearing or chipping.
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Table 3-11
Performance of Installed Material s

Engi neered Pl astics

"Arnor-Til e"
OUTDOOR | NSTALLATI ON( S) :
Station: MBTA Orient Heights
Si ze: 30" x 2
Exposure Days (as of June 1): 165
Station: SEPTA Bet hayr es
Si ze: 9'5" x 2
Exposure Days (as of My 20): 87

Observati ons:

1 (SEPTA) One chi pped done.

2 (SEPTA) Fastener caps have faded in col or.

3. (MBTA) Sand has accunul at ed anong base nubs.

4 (MBTA) "Newest" looking installation at Oient Heights.

| NDOOR | NSTALLATI ON( S) :
St ation: MBTA South Station

Si ze: 8 x 2
Exposure Days (as of June 1): 164



St ation: SEPTA 8th Street
Si ze: 7 x 2
Exposure Days (as of May 20): 86
Cbservati ons:
1. (BOTH) Installations have accunmul ated sand and dirt nore
than other materials.
2. (BOTH) No signs of chipping or fading.
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Tabl e 3-12

Performance of Installed Material s

Hasti ngs Pavenent

" ADA Pavers"
OUTDOOR | NSTALLATI ON( S) :
Station: NONE
| NDOOR | NSTALLATI ON( S) :
Station: GCRTA Br ookpar k
Si ze: 8 x 2

Exposure Days (as of May 23): 200

Stati on: MBTA South Station
Si ze: 8 x 2
Exposure Days (as of June 1): 141

Observati ons:

1. (BOTH) Chi ps al ong edges of individual pavers: occurred

at installation.

(BOTH) Pavers have turned to grayi sh-brown col or

3. (GCRTA) Pit marks throughout installation, both base and
dones.

4. (MBTA) White flecks show on surface that were not
apparent at installation.

N
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Tabl e 3-13
Performance of Installed Material s

Rehau
"Access Tactile Tile"

OUTDOOR | NSTALLATI ON( S) :

Station: MBTA Orient Heights
Si ze: 31' x 2
Exposure Days (as of June 1): 36

observati ons:

1. Several tiles are lifting off platform

2. Caul ki ng around edge of installation (track side and
inside) is comng off in several |ocations.

| NDOOR | NSTALLATI ON( S) :

Station: SEPTA 8th Street

Si ze: 7 x 2

Exposure Days (as of My 20): 113

St ation: MBTA South Station
Si ze: 8 x 2

Exposure Days (as of June 1): 78

hservati ons:

1. (MBTA) One tile has conme off conpletely.

2. (MBTA) Most caul k around edges is gone or tearing off.
(SEPTA) Caul k is beginning to tear off.

(SEPTA) Lifting of several tiles.

(MBTA) More noticeabl e accunmul ation of dirt and grine
conpared to other installations.

P W
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Tabl e 3-14
Performance of Installed Materials
Summitville Tile

"Tacti | e-Tread"

OUTDOOR | NSTALLATI O\( S) :



Station: MBTA Orient Heights
Si ze: 30" x 2
Exposure Days (as of June 1): 161

nservati ons:

1. Three cracks, perpendicular to track, all aligned with
foundati on cracks.

2. One crack, perpendicular to track, aligned wth expansion
j oint.

3. One chi pped done.

4. Dirty, but no discoloration.

| NDOOR | NSTALLATI ON( S)

St ati on: MBTA Sout h Station
Si ze: 8 x 2
Exposure Days (as of June 1): 167

hservati ons:

1. No signs of wearing; no chips.
2. Little accunulation of dirt.
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Tabl e 3-15

Performance of Installed Materials

Transpo I ndustries

" St ep- Saf e”
OUTDOOR | NSTALLATI ON( S) :
Station: GCRTA Tri skett
Si ze: 20" x 2
Exposure Days (as of My 20): 200
Station: MBTA Orient Heights
Si ze: 30" x 2
Exposure Days (as of June 1): 168

hservati ons:

1. (BOTH) Scraped and chi pped donmes, both al ong edges of
installation and interior donmes. These dones reveal
specks of brownish/rust color - nore so at GCRTA



2. (MBTA) One tile is completely cracked and can be lifted
fromplatform

3. (GCRTA) Tiles have faded to several shades of yell ow.
Several shades of yell ow appear on single tiles.

4. (GCRTA) One tile has holl ow sound when stepped on,
i ndi cating separation from pl atform

5. (MBTA) Base and dones are "pitted."
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Tabl e 3-15
Performance of Installed Material s

Transpo I ndustries

" St ep- Saf e”
(Conti nued)
| NDOOR | NSTALLATI ON( S) :
Station: GCRTA Br ookpar k
Si ze: 8 x 2
Exposure Days (as of My 23): 201
Station: MBTA South Station
Si ze: 8 x 2
Exposure Days (as of June 1): 167
Qobservati ons:
1. (MBTA) Visible wear on dones: textured tops often worn

snoot h.
2. (MBTA) Pit marks, simlar to Oient Heights installation.

3. (GCRTA) Epoxy between several sets of tiles is cracking;
in two cases, epoxy is falling out.

4. (GCRTA) Epoxy has stuck to tops of about half of tiles.
This occurred at installation. There is a greater



accumul ation of dirt on top and adjacent to this epoxy.

5. (BOTH) Slightly uneven setting of tiles. Not a tripping
hazard, but | ocations for accunul ation of dirt.
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3.2.3 Field Test Results - Measurenent of Wear Resi stance

One of the major interests of the transit industry is the wear

resi stance of the various detectable warning material conpositions
produced by the manufacturers. The |aboratory testing of
detectable warning materials, as discussed in Section 2, showed a
consi derabl e variation in wear resistance.

The wear resistance of the materials used in the field tests was
nmeasured by the change in average done height. The neasurenents
were taken on materials installed at the indoor test sites because
each material was exposed to the sanme foot traffic and
environnental factors (dirt, noisture, salt, and other materials
carried in by passenger/enpl oyee use). The indoor test sites were
sel ected specifically because they were passageways or wal kways
wher e passengers would be restricted to wal king on all of the

mat eri al s.

Figure 3-8 illustrates the arrangenent of detectable warning
materials at the indoor test site at MBTA South Station.

Passengers wal k across all of the test sanples placed in the

wal kway as they nove into and out of the station. Simlar test
section arrangenents were nade for the indoor wal kway test sites at
GCRTA and SEPTA.

The initial and final neasurenents of donme hei ght were conpl eted on
all of the nmaterials at the sanme tinme in order to ensure that al
materials were subject to the sane nunber of exposure days over the
same tinme frame. The initial measurenents of done hei ght were nade
i mredi ately after all of the installations were conplete. The
final neasurenents were nade at the | atest possible date in the
evaluation tinme schedule in order to accunul ate the maxi mum
exposure tine.

Measurenents of wear are reported for the indoor installations at
GCRTA and MBTA based on the foll ow ng nunber of days of exposure:

- CCRTA - 198 exposure days (6.6 nont hs)



- VBTA - 69 exposure days (2.3 nont hs)

Wear neasurenents for the SEPTA installation are not reported
because the exposure tine was too short.

The nmeasurenent of wear was based on the change in donme hei ght
between the initial and final nmeasurenments. |In order to obtain a
reasonabl y accurate neasurenent of the changes in height, 64 dones
on each test panel were neasured. The initial (nom nal) height of
each done is five mllinmeters, therefore it was necessary to use a
m cronmeter for neasuring height to an accuracy of 0.01 mllineters.

Measurenent details, including the location of all donme hei ght
nmeasurenent points, are cited in Appendix D
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Transit systens are concerned with the useful life of a detectable

warning material installed at the station platformedge and not for
an installation in a wal kway or passageway. The "accel erated wear"
test section approach was sel ected because it woul d ensure that al
materials were exposed to the sane concentrated wear conditions.

In order to provide a nore useful conparison of the relative wear
resi stance of each of the materials tested, the wear neasurenents
were converted fromthe accel erated wear test section nunbers to an
equi val ent val ue applicable to the platformedge. The conputation
of this conversion or "acceleration"” factor is presented in
Appendi x D. The acceleration factors, conputed using information
supplied by the transit systens are:

- GCRTA - 15

- MBTA - 20
For exanple, an acceleration factor of 15 for GCRTA sinply neans
that each unit length (foot) of test material in the passageway at
Br ookpark handl es 15 times nore passenger foot traffic than a unit

| ength (foot) of active platformat that station.

The wear resistance results are presented in terns of the estimted
annual average wear, as neasured by the average decrease in height


http://www.fta.dot.gov/library/technology/DWT/DWT335.GIF

and expressed as a percentage of the initial height of the done.
Al'l wear resistance results presented in this section are
projections for the platformedge based on one year of use.
Therefore, if a material is reported to wear by 5 percent per year
on average, the dones at the platformedge could be expected to be
one-half or 50 percent of their original height at the end of 10
years, assum ng that the neasured wear rate renains the sane over
that tine.

Figure 3-9 presents the projected annual wear rate for the
materials installed at GCRTA' s Brookpark station. This is a
relatively | ow passenger volune station (estinmated by GCRTA at 650
riders per day). The annual wear rates range from approxi mately
0.4 percent to 1.1 percent. This indicates that the wear

resi stance of all of these materials is satisfactory. |If the

i ndi cated wear rate is consistent over a long term such as 10
years, the average donme hei ght would only be reduced by 4 to 11
percent .

Figure 3-10 presents simlar information on projected annual wear
rates for the seven detectable warning nmaterials installed at the
MBTA South Station site. This station is a high passenger vol une
station with an estimated 16, 275 passengers per day, approximately
25 tinmes greater than that of the Brookpark station. In this case,
the projected annual percentage wear rate ranges froma | ow of 0.28
percent to a high of 3.2 percent. The highest wear rate woul d
result in a 32% average reduction in done height over a period of
10 years, assuming that the rate renmai ned constant over that

peri od.
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It is inportant to point out that many of the done wear
nmeasurenents denonstrated a significant variation around the
average of nmean values cited above; this neans that in many

I nstances certain dones showed little or no wear while others were
consi derably nore than the average. The details of these
measurenment variations are provided in Appendix D. The overall wear
resi stance performance of all materials tested was quite
satisfactory when projected to the platform edge application.

There was, however, a considerable variation in the relative wear
resi stance of each material as illustrated in Figures 3-9 and 3-10.
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4. COVPARATI VE PERFORMANCE OF DETECTABLE WARNI NG SYSTEMS

This section of the report presents an overall assessnent and
conpari son of all detectable warning systens that were field tested
at the participating transit systens. The term "detectabl e warning
system' is used to enphasize the fact that performance is dependent
upon t he physical characteristics of each material, the nmechanics
and quality of the material bond to the platform substrate, the
surface preparation of the substrate, and the nature and quality of
mai nt enance efforts to keep the surface clean and free of water,

I ce, Or snow.

The section is divided into two parts. The first part includes
observations and sone general conclusions regarding the detectable
warning installation and mai ntenance processes. The second part of
t he section assesses the performance of each detectabl e warning
system by conparing and ranking each field test installation using
four perfornmance paraneters.

4.1 | NSTALLATI ON AND MAI NTENANCE OF DETECTABLE WARNI NG SYSTEMS

The opportunity to observe approximately two dozen installations
and to nonitor their physical condition and appearance over a

peri od of approxi mately seven nonths provides sone insights into
the installation and nmai ntenance processes. The observations and
general conclusions derived fromthis experience may provi de sone
useful guidance to rail transit system operators and others who are
concerned about the retrofit installation and mai ntenance of
detectable warning materials on an existing transit station

pl at f orm

4.1.1 (QObservations and General Conclusions Regarding Installation
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Transit systens will consider several factors when selecting a
detectabl e warni ng product for their platformedges. In a retrofit
situation, case of installation is one of these factors. Ease of
installation includes: the skills required of the installers; the
tools required for installation; and the ease of replacing worn or

broken portions of the material. An ideal product for retrofit
Installation is one which conbines ease of installation with a | ong
useful Iife and | ow mai ntenance costs.

Proper installation of the detectable warning material is crucial
to the performance and durability of the material., This is
particularly true for outdoor installations. The four installation
factors that affect performance and durability of the detectable
war ni ng system are:

4-1

- Ambi ent conditions - include an acceptable tenperature
range, acceptable noisture on the installation surface
(usually none), and acceptable precipitation (usually
none) .

- Surface preparation - includes sone conbi nation of
cleaning (wwth a brush, water, or solvent); sanding;
cutting an outline of the installation area; and renoving
a sufficient depth of the surface material to allowthe
installed nmaterial '"to be flush with the surroundi ng
surf ace.

- Application of material - includes creating a setting bed
(if needed) for the material; placing the material in the
proper position; applying adhesive to the surface or the
material; and, for certain materials, using nmechani cal
fasteners to attach the material to the surface.

- Setting period - the tine required before the installed
mat eri al can sustain passenger traffic.

Based on experience with two dozen separate installations, there
was a substantial variation of skills of the individuals who
performed the work for the manufacturers. The installers could be
pl aced into three groups:

- Manuf acturers' installers.
- Manuf acturers' marketing staff.
- Qut si de contractors.

Some caution should be used when conparing experience with these



test installations to full-scale installations where the installers
are expected to be nore experienced and skilled. The installation
experience is presented here as a neans of conveying infornation
about the potential problens that may occur if installers |ack the
proper experience and skills.

Two of the eight manufacturers had their own installers performthe
wor k.  Their know edge of their respective material and

I nstallation procedures was apparent in their work. They had the
proper tools, and they knew the "tricks" of the work. Al of their
I nstal l ati ons went snoothly.

Three manufacturers had marketing staff conduct the field
installations. Two of these products required few special skills
for installation. Their respective marketing staffs installed the
material without difficulty. Marketing staff fromthe third

manuf acturer knew how to install their product, but they
experienced sonme difficulties due to problens with the tools they
used in the installations.

Three of the manufacturers (all with "tile" products that are
typically one foot square sections) enployed outside contractors to
install their material. Two manufacturers had conpany staff
supervising the work. All of the outside contractors had
experience in |aying
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tile, and generally they did a good job in the installation. One
installation had difficulty due to epoxy adhesive (at one | ocation)
that was forced out onto the tile surface, likely due to premature
exposure to foot traffic. Another contractor experienced sone
initial difficulty in cutting and renoving the concrete surface,
presumably due to |l ack of experience with this procedure.

A less effective job of installing a detectable warning materi al
may have contributed to a | ess effective perfornmance of the
material in this field evaluation. This enphasizes the inportance
of correct installation. Were applicable, this is noted in the
conparative assessnent of naterials.

4.1.2 Mai nt enance of Detectabl e Warni ng Systens
Al of the field test installations of detectable warning materials

were subject to normal mai ntenance practices of the three
participating transit systens. For reference, these standard



pl at f orm mai nt enance practices are summari zed in Table 3-2, Station
Envi r onnent .

In general, there were no reports of any mai ntenance problens with
any of the test materials during the evaluation period (Novenber
1993 to June 1994). The field test results cited in Section 3
showed that sone materials accunmul ated nore sand and dirt than
others. This was not the result of cleaning procedures because al
test materials were subject to the sane cl eaning net hod and
frequency.

A maj or concern of many transit systens |ocated in the northern
parts of the U S. is the maintenance of detectable warning systens
under winter tine conditions. The transit systens were selected to
ensure that all outdoor installation sites were exposed to sun and
precipitation, including accumul ations of ice and snow. Wile each
transit systemused slightly different procedures, none of them
encountered any problens in renoving ice or snow fromthe various
detectable warning materials. Each transit system used the sane
tools and chemcals on its detectable warning materials as on the
rest of the platformsurfaces.

The followng is a list of the tools and chem cals used for snow
and ice renoval by the three systens:

- GCRTA: Shovel s and salt m xture.
- MBTA: Shovel s, ice chippers, and sand.
- SEPTA: Shovel s, snow bl owers, and cal ci um chl ori de.

No systemreported any difficulties in the renoval of ice or snow.
There was no report of ice or snow getting stuck between dones of a
detectabl e warning materi al .
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Sonme materials (including both ceram ¢ and conposite-based
materials) at the GCRTA and MBTA outdoor installations had chipped
domes. The chips were nost |ikely caused by the bangi ng and
scrapi ng of shovels and ice chippers during ice and snow renoval .

None of the cracks in the detectable warning materials installed at
outdoor sites as reported in Section 3 can be directly attributed
to ice and snow renoval. However, the presence of rain or nelted
ice or snow can lead to problens. |If there are gaps between the
tiles of installed nmaterial, water can seep in. The water can then
re-freeze, causing cracks or separation of the material fromthe

pl at f orm



4.2 PERFORVANCE ASSESSMENT

This part of the report provides a performance assessnent of the
ei ght detectable warning systens that have been field tested. The
performance assessnent is based on the field test results

consi sting of quantitative data neasuring wear resistance (see
Section 3) and qualitative information on the condition of the
material and the installation after exposure to passenger traffic
and weat her. Consequently the followi ng four categories have been
selected for the assessnent of material performnce:

- Resi stance to wear.

- Mai nt enance of bond with surface.

- Resi stance to cracking and chi ppi ng.
- Mai nt enance of col or.

The first category is a quantitative one and the next three are
based on qualitative information produced through on-site
observations. All four performance categories are inportant to a
transit systemwhen it is selecting a detectable warning materi al
for retrofit on its stations' platform edges.

Each test material has been ranked according to its performance in
each performance category. There has been no attenpt to determ ne
an overall ranking conbining all four performance categories
because that would require the assignnment of relative weight to
each category. It is expected that transit systenms w |l exan ne
the results in each performance category and make their own
judgenent on overall performance and applicability to their system

4.2.1 Considerations in Interpreting Rankings
The field tests were designed to gather information on the
detectable warning materials that is both relevant to the concerns
of transit systens and reliable for devel opi ng ranki ngs of the
materials on key characteristics. Two features of the field tests
hel ped to provide relevant and reliable informtion:
4-4
- Si de- by-side installation of materials at each of the six

sites (as many as seven materials at one site).

- Exposure of these materials to daily revenue service, at
bot h i ndoor and outdoor sites.

It is inportant to note that the perfornance ranki ngs presented



here are based strictly on the nmeasured and observed data and
information fromthe field test. Issues that a transit system
shoul d consi der when review ng the rankings include the foll ow ng:

- The abbreviated tinme frane of the field test evaluation
limts the scope of observations and data collection.
Even with several inspections of each installation site,
these are only "snapshots" of materials that are exposed
to pedestrian traffic, weather, and mai ntenance on a
daily basis. The tine frane issue also relates to the
di fference between the period of exposure for this
program (up to seven nonths) versus the manufacturers
claims of the materials' lifetimes (five to ten years).
It is often difficult to project |ong-term perfornmance
usi ng short-term data.

- Because these are field tests, it is not possible to
subj ect each material to identical environnental
conditions. The materials have been exposed to al
conditions that cone with rail stations in daily use.
For exanple, a single chipped done at an out door
installation of a material nmay have resulted from an
atypically rough attenpt by a mai ntenance worker to
renove ice fromthe surface. The rankings de-enphasize
single, small flaws and focus on systematic probl ens,
especially those that occur at nore than one
i nstallation.

- Three of the rankings rely on engi neering judgnent of
gqualitative information. The use of standardi zed forns
to record observations hel ped to achieve a high degree of
consistency in these judgnents. |In order to insure
consi stency of the data collection process, the nunber of
observers was |limted to three persons for the
installations, and only one person conducted the
subsequent site visits and carried out all done wear
nmeasurements. In the wear test, several of the
conponents that are used to derive the "accel eration
factor" are rough estimtes based on the judgnent of
transit systemstaff. However, the resulting
acceleration factors are applied in the same nanner to
t he nmeasured donme height data of all materials;
therefore, the relative ranking of the materials is
unaf f ect ed.

- Finally, the quality of the installation of a product has
a significant influence on the |ong term performance of
the material. As nuch as possible, the rankings take
into account (based on a review of the available witten



phot ogr aphi ¢, and vi deo docunentation) perfornmance
weaknesses that can be directly attributable to problens
inthe initial material installation.
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4.2.2 Per f or mance Ranki ngs

The tables presented in this section summarize the conparative
performance of the eight detectable warning materials that were
field tested. Each table ranks the performance of the materials
using four categories: wear resistance, bonding with the surface,
resi stance to chi ppi ng and cracki ng, and mai ntenance of color. The
performance | evel s are:

1 Best performance, that is, little or no problem
2 Noti ceabl e but small flaws in performance
3 Signi ficant performance flaw at one site or consistent

m nor flaws at several sites

4 Poor performance that raises concern about the useful ness
of the material installed on a transit station platform

Wthin each performance | evel, the manufacturers are listed in
al phabetical order to indicate that there is little, if any,
difference in performance.

The text for each perfornmance category provides a brief description
of the data and observations that led to the specific ranking of
materials. For nore detailed information, see Section 3,
particularly, Tables 3-8 to 3-15 and Figures 3-9 and 3-10.

A sunmary of the rankings for all materials is presented at the end
of the section.
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4.2.2.1 Wear Resistance - Table 4-1 rates performance of the
eight materials installed in The field test sites by the resistance
to wear of the materials. No material was judged to have poor
performance. As noted earlier in Section 3.2.3, "Field Test



Resul t s- - Measurenent of Wear Resistance,"” all of the materials were
estimated to have a relatively long useful life for the platform
edge application. The third ranking was given to the nmaterial that
showed the hi ghest wear at Brookpark (ADA Consultants' Alert Mat)
and to the two materials with the highest wear at South Station
(Carsonite's Pathfinder and Engi neered Plastics' Arnor-Tile).

Table 4-1
Ranki ng of Materials by Resistance to Wear

1 Hasti ngs Pavenent - ADA Paver

1 Summitville Tiles - Tactile Tread
2 Crossville Ceramcs - Tac-Tile

2 Rehau - Access Tactile Tile

2 Transpo I ndustries - Step-Safe

3 ADA Consultants - Alert WMat

3 Carsonite International - Pathfinder
3 Engi neered Plastics - Arnor-Tile
Best performance, little or no problem

Smal | flaws in performnce
Significant flaw at 1 site or consitent mnor flaws at several sites
Poor Per formance

A WNPE
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4.2.2.2 Mai nt enance of Bond with Platform Surface - Table 4-2
rates performance of the eight materials installed in the field
test sites by the maintenance of bond of the materials to the

pl atform surface. The performance of the naterials varied greatly
in this category. Four of the eight materials showed no problem
with their adhesion to the surface. In two instances Transpo's

St ep- Saf e underwent sone | oss of bond between individual tiles and
the surface. Qbservation of Carsonite International's Pathfinder
at two different sites revealed air pockets under several panels.
The two products rated as poor perfornmers exhibited significant
probl ens including conplete | oss of adhesion and |arge air bubbles
under the nat.

Tabl e 4-2



Ranki ng of Materials by M ntenance of Bond with Surface
1 Crossville Ceramcs - Tac-Tile
1 Engi neered Plastics - Arnor-Tile

1 Hasti ngs Pavenent - ADA Paver

1 Summtville Tiles - Tactile Tread
2 Transpo I ndustries - Step-Safe
3 Carsonite International - Pathfinder

4 ADA Consultants - Alert WMat

4 Rehau - Access Tactile Tile

Best performance, little or no problem

Smal |l flaws in performance

Significant flaw at 1 site or consitent mnor flaws at several sites
Poor Performance

A OWNPRP
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4.2.2.3 Resi stance to Chipping and Cracking - Table 4-3 rates
performance of the eight materials installed in the field test
sites by the resistance of the materials to chi pping and cracking.
No material was judged to have poor performance. Two materials
(Crossville's Tac-Tile, Rehau's Access Tactile Tile) had no chips
or cracks in any of their test installations. The next four
materials had a few chips or cracks but no pattern of problemin
this performance category. The last two naterials had repeated

I nstances of cracked dones (Transpo's Step-Safe at two outdoor

| ocations) and cracks along its base surface (ADA Consultant's
Alert Mat at the outdoor installation).

Tabl e 4-3
Ranki ng of Materials by Resistance to Chi pping and Cracki ng

1 Crossville Ceramcs TacTile



1 Rehau Access Tactile Tile

2 Carsonite International Pathfinder
2 Engi neered Plastics ArnorTile

2 Hasti ngs Pavenent ADA Paver

2 Summitville Tiles Tactile Tread

3 ADA Consultants Alert WMat

3 Transpo I ndustries - Step-Safe

Best performance, little or no problem
Smal |l flaws in performnce

Significant flaw at 1 site or consitent mnor flaws at several sites
Poor Performance

A WNPE
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4.2.2. 4 Mai nt enance of Col or - Table 4-4 rates performance of the
eight materials installed in the field test sites by the

mai nt enance of color of the materials. Three materials showed no
col or changes, either at indoor or outdoor sites. Carsonite
International's Pathfinder had sonme fading around its fastener
donmes; Rehau's Access Tactile Tile color changes were due to the
greatest retention of dirt and grine of any test material at each
of its installation sites. Hastings Pavenent's ADA Paver and
Transpo's Step-Safe both revealed flecks of different colors on
their tiles not visible at installation. ADA Consultants' Alert

Mat showed maj or col or changes at both its indoor and out door
Installations. At the indoor station the Alert Mt product
appeared to absorb dirt and changed froma bright yellowto a grey
nottled color, while at the outdoor station the product turned to a
grey-green col or

Table 4-4
Ranki ng of Materials by M ntenance of Col or
1 Crossville Ceramcs TacTile

1 Engi neered Plastics ArnorTile



1 Summitville Tiles Tactile Tread

2 Carsonite International Pathfinder
2 Rehau Access Tactile Tile

3 Hasti ngs Pavenent ADA Paver

3 Transpo I ndustries - Step-Safe

4 ADA Consultants Alert WMat

Best performance, little or no problem
Small flaws in performance

Significant flaw at 1 site or consitent mnor flaws at severa
Poor Performance

A OWN PR
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4.2.2.5 Summary of Rankings - Table 4-5 presents a sunmary of
ranki ngs for all performance categories. The eight manufacturers
are listed al phabetically. As noted earlier in this section of the
report, there is no weighting of the characteristics, nor is there
a conposite ranking to determ ne the overall best nmaterial.

Tabl e 4-5

Summary of Performance Ranki ng

sites

CHI PPI NG
WEAR  BONDI NG CRACKING COLOR
ADA Consultants Alert WMat 3 4 3
Carsonite International Pathfinder 2 3 2
Crossville Ceramcs TacTile 2 1 1
Engi neered Plastics ArnorTile 3 1 2
Hastings Pavenent ADA Paver 1 1 2
Rehau Access Tactile Tile 2 4 1
Summitville Tiles Tactile Tread 1 1 2



Transpo I ndustries - Step-Safe 2 2 3 3

Best performance, little or no problem

Smal |l flaws in performnce

Significant flaw at 1 site or consitent mnor flaws at several sites
Poor Performance

A WNPE
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5. SUMVARY OF NATI ONAL | MPLEMENTATI ON PANEL ACTI VI TI ES

The National |nplenentation Panel for Detectable Warni ngs was
established as a separate entity under the FTA Detectabl e Warni ngs
Program for the follow ng purposes:

- Provi de i nput and gui dance on the overall FTA-sponsored
research and test activities regardi ng detectable
war ni ngs.

- Revi ew t he findings of the human factors research and the
engi neering tests and eval uati on.

- Make recommendati ons and provide information that wll
assist the transit industry in the selection and
installation of detectable warning systens at transit
station pl atform edges.

The activities of the Panel and its achi evenents are described in
Ref erence 6. This section of presents information exchanged through
the Panel neetings regarding transit system experience with

det ectabl e warni ng procurenent and installation. This information
conpl enents the results of the testing and performance assessnents
reported in the preceding sections of the report.

5.1 PANEL COWVPOSI TI ON

The Panel was conprised of individuals who are nmenbers of diverse
constituencies that have an i medi ate stake in the inplenentation
of detectable warnings. Panel Menbers include transit personnel
with direct responsibility for detectable warnings installation,
persons with disabilities, a representative of a prom nent senior
citizen's organization, and experts in disability policy and
practice. Table 5-1 lists the Panel Menbers and their



organi zational affiliations.

The Panel was assisted by a group of Panel Cbservers, selected for

their technical know edge and experience with detectabl e warnings.

Panel Cbservers included technical representatives fromthe Federa
Transit Admi nistration (FTA), a representative of the Anerican

Public Transit Association (APTA), technical staff fromthe Vol pe

Center, and representatives of the three transit systens

participating in the field tests of detectable warning systens.

Panel Cbservers also included technical research staff from

Technol ogy & Managenent Systens, Inc. (TMS), and Boston Col | ege.

Table 5-2 lists the Panel Cbservers and their organizational affiliations.

5-1
Tabl e 5-1

Nati onal | nplenentation Panel for Detectable
War ni ngs Panel Menber Li st

Robert Beck Wal t er Noonan

Long I sl and Railroad New York City Transit Authority
Ceorge Fl ei sher, MD. Dona Sauer bur ger

Departnment of Rehabilitation Medicine  Volunteers for the Visually
St. Vincent's Medical Center Hnadi capped

Mar garet G oce Marilyn Saviol a

New York City Public Schools New York Center for the
Travel Training for the Handi capped | ndependence of the D sabl ed
Geral di ne Kel |l ey Ni chol as Scar ano

New York City Public Schools Metro North Conmuter Railroad
Educati onal Vi sion Prograns and

Servi ces Rol f Skogl and

Port Authority of NY and NJ

Journal Square Transportation Center
Gertrude Landau
New York Citizen's Commttee on Aging Ral ph Weul e

Safety & Investigations

Karen Luxton- Gourgey, Ph.D. San Francisco Bay Area Rapid Transit
Computer Center for the Visually District
| mpai red

City University of New York

Harry Nagy
O fice of Special Services
New Jersey Transit
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Tabl e 5-2
Nati onal | nplenentation Panel for Detectabl e Wrnings
Panel Cbserver Li st
Billie Louise Bentzen W |'i am Hat haway

Accessi bl e Designs for the Blind
Bost on Col | ege Systens

WIlliamH Bregoli, Jr.
Massachusetts Bay Transportation
Aut hority

Davi d Capozzi (invited)
Architectural and Transportation
Barriers Conpliance Board

R DeMarco
Transit Adm nistration

Vi ncent
Feder al

Deborah L. Dubin
Anerican Public Transit Associ ation

John P. Goodworth

Vol pe Nati ona
Cent er

Transportation

H. Norman Ketol a
Technol ogy & Managenent
Systens, Inc.

Carol H Lavoritano
Sout heast ern Pennsyl vani a
Transportation Authority

Ranmon A. Lopez
Federal Transit Adm nistration

Patricia Ryan
Vol pe Nati ona
Systens Center

Transportation

Robert W St out

Greater C evel and Regi onal Transit Federal Transit Adm nistration
Aut hority
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The Panel was established in the fall of 1993. Panel activities were

organi zed and facilitated by the Anerican Foundation for the Blind (AFB).

AFB al so conducted a national review of the experience of transit systens and
transit users with detectable warnings. The purpose of this national

i nformation collection effort was to obtain the reactions of people in "key
st akehol der" groups about issues that had been raised in the rul emaking
process on detectable warnings at transit platformedges. A total of fifty-
four persons in thirteen states were interviewed by tel ephone. The results
are presented in Reference 6.

5.2 PANEL ACTIVITIES



The first Panel neeting took place on Decenber 3, 1993, at AFB s Nati onal
Headquarters in New York Gty at which tine the Panel reviewed the results of
the national information collection effort. The Panel also franed the
critical issues it wished to address and heard reports descri bing detectable
war ni ngs performance at the Bay Area Rapid Transit System (BART), human
performance testing of detectable warnings, and plans for engineering testing
and field eval uations of detectable warnings installations to be carried out
during the wnter of 1993 - 1994. Panel Menbers participated in an

I npl enentati on scenari o exercise to prepare for detectabl e warnings

I npl enentation. The first Panel neeting reached the foll ow ng concl usions:

- The issues related to detectable warnings were a matter of serious
concern. Panel Menbers acknow edged the enotional nature of the
topi ¢ and expressed nutual respect for each other's concerns.

- The cost of detectable warnings inplenentation was a serious
matter, although the Panel viewed cost as secondary to transit
system safety and access, a fundanmental responsibility of transit
systens. The Panel stressed that all transit infrastructure costs
were "big ticket itens"” and detectable warnings fit into this
cat egory.

- There was a critical need to gather and di ssem nate accurate
i nformati on about detectable warnings in the transit industry and
di sability conmunities.

- Det ect abl e war ni ngs shoul d be viewed as a transit design el enent
that was beneficial to the safety of all passengers.

The second Panel neeting was held on May 11, 1994, at AFB s Nati onal
Headquarters in New York GCty. At this neeting the Panel reviewed the
findings of the engineering |aboratory testing and interimresults of the
field eval uati ons of detectable warnings carried out at the three transit
properties during the winter of 1993 - 1994. The Panel also heard reports
about the experiences of eight transit systens involved in detectable

war nings installation and testing and devel oped the blueprint and content for
a detectabl e warnings inplenentation docunent.
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5.3 SUMVARY OF TECHNI CAL | NFORVATI ON FROM THE PANEL

This section provides a sunmary of the technical information and gui dance
provi ded by the Panel Menbers and Panel Observers that has a direct bearing
on the needs of the transit industry with regard to the sel ection,
procurenent, installation, and mai ntenance of detectabl e warning systens.



The information is organized into two categories as foll ows:

- Experi ences with detectable warning materials procurenent and
i nstallation.

- Tips for inplenmenting detectabl e warning requirenents.
5.3.1 Experi ences with Detectable Warni ng Procurenent and Installation

Panel Menbers and Cbservers during the panel neetings presented a series of
observations related to their experiences with the procurenent and
Installation of detectable warning systens. These observations are provi ded
here for purposes of information; however, it should be noted that they do
not cover all aspects of selection, procurenent, and installation.

- A nunber of systens have conducted | aboratory tests or limted
field tests of detectable warning materials that provide additional
sources of information to the transit industry.

- Most transit systens have to develop their own specifications for
detectable warning materials and installations in order to
accommpdate the wide variety of station platformconstruction
mat erial s and pl atform physical conditions.

- Transit platform surface conditions and preparation required should
be specifically described in the specifications to avoid di sputes
and additional costs when installation is underway.

- A nunber of transit systens have chosen to provi de detectable
war ni ngs procurenent and installation as part of a general
contractor's task to bring a conplete station into ADA conpli ance.
Thi s approach appears to have created probl ens when the genera
contractor is able to select one of a nunber of materials that neet
the specification. Disputes and | egal action have been initiated
by manufacturers whose products neet the specifications but are not
sel ected by the general contractor.

- Transit systens that contracted with a manufacturer for the
procurenent and installation of a specific detectable warning
material in a single integrated contract, generally, reported
pronpt and satisfactory progress on systeminstallation.
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- One transit system expressed a concern about the limted
availability of installation contractors which effectively hanpered
conpetition and precluded the selection of nmanufacturers whose
products were conpl etely acceptable but who | acked the capacity to
carry out effective installations.



Installation is a challenging task at nost transit systens
requiring much of the work to be conpleted during |ate night and
early norning hours. Special track use nust be arranged to isolate
specific platforns. Wrk nust be perfornmed on separate halves to
avoid putting a station out of service due to unantici pated

i nstallation problens.

One transit system placed a patent release clause in its contract
to preclude future problenms when the tine cane for product

repl acenment. This clause allows the systemto solicit conpetitive
bids for an identical product.

One transit system deci ded not to use nechanical fasteners at
out si de stations because of a concern that a salt m xture used in
the winter woul d penetrate the fastener holes, weaken the concrete
pl atform steel reinforcenent bars, and threaten platform structura
integrity.

O her transit systens were concerned about bonding materials
conpletely to the platformthat would prevent easy renoval and
repl acenment of damaged sections. They opted, instead, for
renovabl e nechani cal fasteners and edge bondi ng.

Most systens noted that preparation of substrate and caref ul
installation is critical in order to avoid future problens wth the
i nstallation.

One transit systemleft a drainage gap of two inches for every ten
feet of platformlength to avoid accunul ati on of water under the
mat eri al .

One transit systemhad its station maintenance staff visit other
systens to collect detailed information on material cleaning
techniques in order to develop their own detectabl e warning

cl eani ng and mai nt enance procedures.

Renoval of snow and ice from detectabl e warni ngs can be
acconpl i shed using routine snow and i ce renoval procedures
(shovel i ng, plow ng, and chemcal treatnent). |Ice that accunul ates
bet ween the rai sed dones can be readily treated with cal ci um
chloride (preferable to sodiumchloride) as a standard part of
routi ne wi nter mai ntenance.

5-6



5.3.2 Tips for Inplenenting Detectabl e Warni ng Requirenents

In addition to relating the specific experiences of participating transit
systens, the Panel also tried to generalize their experiences as a series of
reconmendations or inplenentation tips. The following itens provide a
summary of sone of the key tips:

- Transit systens should view a retrofit installation of detectable
warnings as the installation of a "systeni that includes the
detectable warning material itself, the adhesion and/or nechani cal
fastening materials utilized, and the substrate on which the
war ni ngs are appli ed.

- Transit systens should explore the range of nmaterials and
installation options avail able when planning to install detectable
war ni ngs. Costs for procurenent, installation, and mai ntenance
shoul d be based on consideration of the "detectabl e warning
system ™

- Transit systens should contact other transit systens that have had
experience wth detectable warnings to | earn about the "track
record” of their materials and installations.

- Transit systens should plan carefully for the operational inpact of
the installation process by contacting other systens to | earn about
their experiences.

- Installing detectable warnings is new for many contractors.
Transit systens that have begun the installation process report
that installations carried out by inexperienced contractors have
taken | onger than anti ci pated.

- Transit systens should create a working docunent that is a
conprehensive internal "gane plan" for inplenenting the detectable
war ni ngs requirenments, identifying:

- System s specific objectives and tinme franes (e.g., "wll
conplete installations at three key stations by July 26,
1994").

- Al aspects of the inplenentation process including facility
desi gn, contract and procurenent adm nistration, engineering
consi derations, maintenance, public education, marketing, or
any other areas that are relevant to an individual transit
system

- Departnents and key individuals involved in each phase of
i npl enentation process with a tine frame for the invol venent.



- Internal constituencies in a transit agency and the externa
comunity constituencies for marketing and public education.
Organi zations of and for persons with disabilities, senior
citizens' organizations, and generic transit
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consuner groups such as a "straphangers" association are
val uabl e resources for identifying and reachi ng key
consti tuenci es.

Checklists created for materials specifications, contents of a
request for proposal and scope of work, installation and

mai nt enance procedures, and public education activities will assist
transit systens in managi ng the process of detectabl e warnings

i nstallation.

Transit systens should be aware that often it is difficult to

di stingui sh between factual information updates and runors and that
accurate information is not reaching the places where it is needed.
I nformation can be obtained fromthe Federal Transit Adm nistration
and the Vol pe National Transportation Systens Center. Transit
systens should verify all information they receive regarding

det ect abl e warni ngs, especially information conveyed by tel ephone,
regardl ess of how pl ausi bl e new i nformati on may appear.

Flexibility with respect to a transit system s current operating
and mai nt enance procedures is essential when initiating a

det ectabl e warnings installation program This flexibility is

i nportant, especially at the tinme of installation of the material,
to assure that the installation is done correctly. A mgjor reason
for the failure of a detectable warnings systemis poor
installation, rather than a problemw th the detectable warning
materi al .
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APPENDI X A. | NFORVATI ON ON MATERI ALS
| NCLUDED | N LABORATORY TESTS

A-1/ A-2

Det ect abl e Warni ngs Eval uati on Project
Materials Tested

ADA Consul tants

“Alert Mat"
Cont act Name and Tel ephone Nunber:
Bob Sprouse (919) 872-5330
Mat erial | nformation:
Type of Material: Rubber Conpound Mat

Mat Si ze: 6' x 3'4"; 6' x 2



Mat Thi ckness: 1/ 8 i nch

Mat eri al Col or: Yel | ow, Bl ack
Adhesi ve Used?: Yes
Mechani cal Fasteners Used?: Yes

Speci al Characteristics (if any):

Base surface of nmat is ribbed.

Det ect abl e Warni ngs Eval uati on Project
Materials Tested

Advant age Metal Systens
"Det ect abl e Warni ng Systens"

Cont act Name and Tel ephone Nunber:
Hel mut Kl ohn (508) 580-5177

Material I nformation:

Type of Material: Steel or Al um num Coated with Pol yner
Panel Si ze: 10" x 2'

Panel Thi ckness: 1/8 inch

Mat eri al Col or: Yel | ow

Adhesi ve Used?: No

Mechani cal Fasteners Used?: Yes

Speci al Characteristics (if any):

Det ect abl e Warni ngs Eval uati on Project
Materi al s Test ed

Bri dgco



" ADA Pat h"
Contact Nanme and Tel ephone Nunber:

M ke Bridgeman (800) 466-4884

Materi al I nformation:

Type of Material: Pol ymer Concrete, Ml ded at Point of
I nstal l ati on

Application Size: 3" x 2" (size of one form

Appl i cation Thickness: 3/ 8 inch

Mat eri al Col or: Yel | ow, Red

Adhesi ve Used?: No

Mechani cal Fasteners Used?: No

Speci al Characteristics (if any):

Det ect abl e War ni ngs Eval uati on Project
Mat eri al s Test ed

Carsonite I nternati ona
"Pat hfi nder"

Contact Nanme and Tel ephone Nunber:
Peter M|l eo (800) 648-7974

Material I nformation:

Type of Material: 1. Polynmer Conposite
2. Synthetic Rubber Conpound (not tested)
Panel Si ze: 4'" x 2'
Panel Thi ckness: 1/8 inch
Mat eri al Col or: Yel | ow
Adhesi ve Used?: Yes (optional)
Mechani cal Fasteners Used?: Yes

Speci al Characteristics (if any):
Textured pattern on top of dones and til e base.
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Det ect abl e War ni ngs Eval uati on Project
Mat eri al s Test ed

COTE-L Enterprises

"Safti-Trax"
Contact Nanme and Tel ephone Nunber:
Cyrus Fine (201) 836-0733
Mat eri al | nformation:
Type of Material: Pol yur et hane Dones with
"Dur abak" Pol yur et hane Coati ng
Application Size: No Standard Size
Application Thickness: Applied Directly to Surface
Materi al Col or: Bl ack, G ey
Adhesi ve Used?: No
Mechani cal Fasteners Used?: No

Speci al Characteristics (if any):

Dones are attached to base coating at point of installation
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Det ect abl e War ni ngs Eval uati on Project
Mat eri al s Test ed

Crossvill e Ceram cs

"Tac-Tile"
Contact Nanme and Tel ephone Nunber:
Barri e Decker (312) 975-9872
Mat erial | nformation:
Type of Material: Ungl azed Ceramc Tile

Tile Size: 1' x 1



Til e Thi ckness: 5/ 16 inch

MVat eri al Col or: Yel | ow
Adhesi ve Used?: Setting Bed and Cenent
Mechani cal Fasteners Used?: No

Speci al Characteristics (if any):

"A" and "B" tiles with conpl enenting done patterns to create proper
spaci ng of dones.
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Det ect abl e Warni ngs Eval uati on Project
Mat eri al s Test ed

Dal - Til e Corporation
"Detectable Warning Tile"

Cont act Nane and Tel ephone Nunber:
Larry Kelly (214) 309-4535

Material | nformation:

Type of Material: Ungl azed Porcelain Tile

Tile Size: 2-1/16 x 2-1/16" (available in 23-1/2" Xx
12-3/ 4" sheets)

Til e Thi ckness: 1/8 inch

Mat eri al Col or: "Daffodil", Black, Wite

Adhesi ve Used?: No

Mechani cal Fasteners Used?: No

Speci al Characteristics (if any):
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Det ect abl e Warni ngs Eval uati on Project
Mat eri al s Test ed

Engi neered Pl astics
"Arnor-Tile"

Cont act Nanme and Tel ephone Nunber:

Ken Szekely (800) 682-2525

Material I nformation:



Type of Material: Vitrified Polyner Conposite

Panel Si ze: 1" x 1' or 4" x 2
Panel Thi ckness: 1/8 inch

Mat eri al Col or: Yel | ow

Adhesi ve Used?: Yes (optional)
Mechani cal Fasteners Used?: Yes

Speci al Characteristics (if any):

Al i gnment of dones is parallel and perpendicular to flow of travel (not
45") .

Done heights are tapered - shorter dones in rows further from platform
edge. Dones and surface are nubbed.

A-10
Det ect abl e Warni ngs Eval uati on Proj ect
Mat eri al s Test ed

Hasti ngs Pavenent Co.

" ADA Pavers"
Contact Nane and Tel ephone Nunber:
Donal d Kehoe (800) 874-4717
Material I nformation:
Type of Material: Concrete Brick
Paver Si ze: 1" x 1'
Paver Thi ckness: 2 1 nches
Mat eri al Col or: Br owni sh- Yel | ow
Adhesi ve Used?: Setting Bed and Cenent
Mechani cal Fasteners Used?: No

Speci al Characteristics (if any):
Spaci ng of dones does not conformto regulations.
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Det ect abl e Warni ngs Eval uati on Project



Mat eri al s Test ed

High Quality Tactile Systens
"Tac Strip"

Cont act Name and Tel ephone Nunber:
Stacey Arbetter (617) 935-8450

Material I nformation:

Type of Material: Pol ymer Conposite
Panel Si ze: 10" x 2'

Panel Thi ckness: 1/8 inch

Mat eri al Col or: Yel | ow

Adhesi ve Used?: No

Mechani cal Fasteners Used?: Yes

Speci al Characteristics (if any):
Donmes and surface are nubbed.
A-12
Det ect abl e Warni ngs Eval uati on Project
Materials Tested

Inco Chem cal Supply Co.
“"Tactil e Warni ng Systent

Cont act Name and Tel ephone Nunber:
Murray Gol denberg (800) 752-4626

Material I nformation:

Type of Material: Pol ymer Concrete
Application Size: No Standard Size
Appl i cation Thi ckness: Applied Directly to Surface
Mat eri al Col or: Yel | ow

Adhesi ve Used?: No

Mechani cal Fasteners Used?: No

Speci al Characteristics (if any):

A-13

Det ect abl e Warni ngs Eval uati on Project



Mat eri al s Test ed

NBS/ Awar e & Concer ned Servi ces
"Det ect abl e Warni ng Mat"

Contact Nanme and Tel ephone Nunber:
Crai g Benett (800) 655-3780

Material I nformation:

Type of Material: Rubber Mat

Mat Si ze: 50" x 25"

Mat Thi ckness: Applied Directly to Surface
Mat eri al Col or: Yel | ow

Adhesi ve Used?: Yes

Mechani cal Fasteners Used?: No

Speci al Characteristics (if any):
A- 14
Det ect abl e War ni ngs Eval uati on Proj ect

Materi al s Test ed

Rehau, | nc.
"Access Tactile Tile"

Cont act Nane and Tel ephone Nunber:
Eric Mngo (703) 777-5255

Material I nformation:

Type of Material: Ther nopl asti ¢ Pol yur et hane

Tile Size: 6" x 12"

Til e Thi ckness: Applied Directly to Surface (1/a inch)
Mat eri al Col or: Yel | ow

Adhesi ve Used?: Yes

Mechani cal Fasteners Used?: No

Speci al Characteristics (if any):
Al'ignment of dones does not conformto regul ati ons.
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Det ect abl e Warni ngs Eval uati on Project
Materials Tested

Steps Plus, Inc.
"Detectabl e Warning Units"

Cont act Name and Tel ephone Nunber:
Robert Kopp (315) 446-8050

Material I nformation:

Type of Material: Pre-cast Concrete
Tile Size: 1" x 1

Til e Thi ckness: 1 inch

Mat eri al Col or: Yel | ow, Bl ue
Adhesi ve Used?: No

Mechani cal Fasteners Used?: No

Speci al Characteristics (if any):
Generally not appropriate for retrofit installations.
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Det ect abl e War ni ngs Eval uati on Project
Mat eri al s Test ed

Strongwal | Systens
" St rongwar n*

Contact Nanme and Tel ephone Nunber:
Bi || Kokol etsos (201) 445-4633

Materi al | nformation:

Type of Material: Two- conponent Pol ynmer Concrete
Mol ded at Point of Installation
Application Size: No Standard Size
Uses of Variety of Sizes (5 x 1' nost
conmon)
Application Thickness: Applied Directly to Surface
Mat eri al Col or: Yel | ow, Bl ue

Adhesi ve Used?: No



Mechani cal Fasteners Used?: No

Speci al Characteristics (if any):
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Det ect abl e Warni ngs Eval uati on Project
Materials Tested

Summtville Tile
"Tacti | e- Tr ead"

Cont act Name and Tel ephone Nunber:
Pet er Johnson (216) 223-1511

Material I nformation:

Type of Material: G azed Porcelain Tile

Tile Size: 1" X1

Til e Thi ckness: % i nch

Mat eri al Col or: Yel | ow, Tops of Donmes are Brown
Adhesi ve Used?: Yes (2-part epoxy)

Mechani cal Fasteners Used?: No

Speci al Characteristics (if any):
Spaci ng of dones does not conformto regul ations.
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Det ect abl e Warni ngs Eval uati on Project
Mat eri al s Test ed

Transpo | ndustries
" St ep- Saf e”

Cont act Nane and Tel ephone Nunber:

John Karlson (914) 636-1000



Materi al I nformation:

Type of Material: Pol ymer Concrete

Tile Size: 1' x 1', 2° x 4" (not tested)
Til e Thi ckness: 3/4 inch

Materi al Col or: Yel | ow

Adhesi ve Used?: Yes (2-part epoxy)

Mechani cal Fasteners Used?: No

Speci al Characteristics (if any):

Textured pattern on top of dones.
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Det ect abl e War ni ngs Eval uati on Project
Mat eri al s Test ed

VWi t acre- G eer

" Paver"
Contact Nanme and Tel ephone Nunber:
Ri chard Dana (216) 823-1610
Material | nformation:
Type of Material: Shal e Brick
Brick Size: 4' x 8
Bri ck Thi ckness: 11/ 2, 21/4 inches
Mat eri al Col or: 4 Shades of Red/ Brown
Adhesi ve Used?: Setting Bed and Cenent
Mechani cal Fasteners Used?: No

Speci al Characteristics (if any):
Spaci ng and alignment of dones do not conformto regul ations.
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APPENDI X B. | NSTALLATI ON DATA COLLECTI ON FORM

Det ect abl e War ni ngs Eval uati on Project
Field Test Installation

Dat e Manuf act ur er

Station Pr oduct

out si de/ i nsi de

Weat her (outside installation):

Installation size: Locati on:

Crew Si ze:

Tool s:

St eps: Start Tine: End Ti ne:

Observati ons:

B- 1/2

APPENDI X C. FI ELD TEST DATA AND OBSERVATI ON FORM

Det ect abl e Warni ngs Eval uati on Project
Field Test: Performance and Durability Data

Dat e Manuf act ur er
St ati on Pr oduct
out si de/ i nsi de

(attach photos)
Wear (nmeasured in nmm

Dones:

Base:



Change in Slip Resistance:

Chi ppi ng, cracking:

Di scol orati on:

O her observati ons:
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APPENDI X D. DOVE HEI GHT MEASUREMENTS AND
COVPUTATI ON OF WEAR

One of the inportant quantitative performance neasures is the
relative wear of each detectable warning material surface. In
order to determ ne wear, donme heights were neasured for each of the
materials installed at the indoor sites. This task involved
nmeasuring the height, relative to the material's base, of 64
truncat ed dones-16 clusters of four domes spread across each eight-

foot by two-foot test section-to the precision of 0.01 mllinmeters
using a depth mcroneter. The 16 clusters of donmes are | ocated at
the sane relative locations for each installed material. Figure D

1 presents the |ocations of the neasured cluster of donmes on the
test installations.

Measurenents of donme heights were always nmade at the sane tine in
each test section. Two sets of neasurenents were nmade with a tine
i nterval of 198 days at GCRTA and 69 days at MBTA. The average
absol ute decrease and the percent decrease in done heights relative
to the initial neasurenents were conputed using the raw data
collected for done heights. It was al so necessary to derive wear
results that considered that the indoor test installations were
subject to "accel erated"” wear because of their placenent in
passageways Wi th concentrated passenger traffic.

A conversion factor, or acceleration factor, was derived by the
authors to convert the neasured donme hei ght wear at the accel erated
wear test section to a projected wear at the platformedge. The
foll owm ng equation was used to derive the acceleration factor:

Accel eration Factor = A* B* C*D* E* F* G/ H

wher e,



A = Nunber of platformedges at the station.

B = Nunber of cars per train during off peak service.

C = Peak hour car factor: adjustnent to account for a
greater nunber of cars per train during the peak
periods. On the MBTA Red Line, an off-peak train
has four cars; a peak train, six cars. On the GCRTA
Red Line, an off-peak train has two cars; a peak
train, three cars.

D = Nunber of doorways per car.

D-1

Cick_HERE for graphic.

D2
E = Wdth of a doorway (feet).
F = Variability of the stopping |ocation of the doorways

along the station platform Variability =1
signifies that the doorways al ways open at the sane
| ocations. Variability of "n" signifies that each
doorway opens within a section of the platform"n"
tinmes the width of the doorway.

G = Proportion of the station's ridership (both boarding
and alighting) that cross the test installation.
Proportion =1 signifies that 100% of the passengers

travel across the test installation in both
di rections.

H = Wdth of the test installation (feet).

These follow ng values were used to calculate the accel eration
factors for GCRTA' s Brookpark station and the MBTA's South Station:


http://www.fta.dot.gov/library/technology/DWT/DWTD2.GIF

Br ookpark South Station

A 2 2
B 2 4
C 1.25 1.15
D 3 3
E 4 4
F 2 )
G 1 1/3
H 8 8

Accel eration Factor 15 23

The values for F are very rough estimates provided by the
transit systemstaff. The value for G for South Station is also a
rough estimate; the proportion of passengers travelling across the
test installation may well be I ess than one-third. Consequently,

t he value used for South Station's acceleration factor was rounded
to 20.
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Measured wear at the accel erated wear test section is cal cul ated
directly fromthe done hei ght neasurenents:

Measured Wear =

[[(Initial Dome Height) - (Final Donme Height)]/
(Initial Donme Height)] * 100]

Measured wear is expressed as a percent of the initial done height.
An average (nean) value of done wear was conputed for each test
section based on neasurenents fromthe 64 sel ected dones. These
average values are reported in this section

The projected wear (expressed as a percentage) at the station
pl at f orm edge was conputed as foll ows:

Projected Wear = (Measured Wear) / (Accel eration Factor)

In order to nake the projected wear values nore readily
under st andabl e, they were converted to annual estimtes as foll ows:

Proj ected Annual Donme Wear =
[ (Projected Wear) * 365 ]



(Exposure Days Between Initial and Final Measurenents)

Al of the wear rates are expressed as done hei ght decrease as a
per centage of the original donme height.

Tables D-1 and D-2 present the neasured and the projected annual
dome hei ght wear values (percentage of initial donme height) for the
materials installed at Brookpark and South Station, respectively.
The tables al so provide a range of projected annual wear rates
based on the variation in the individual done hei ght wear
measurenments. This can be considered as the potential variability
of done hei ght wear.
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Table D1
Measured and Projected Done Hei ght Wear - Brookpark

A Exposure Days Between Measurenents 198
B. Accel eration Factor 15
RANGE OF PRQIECTED
MEASURED WEAR PRQJIECTED ANNUAL ANNUAL WEAR
MANUFACTURER  ( PRESENT OVER EXPOSURE  WWEAR AT PLATFORM RATES ( BASED ON
PRODUCT NANME PERI OD) EDGE ( PERCENT) VARI ABI LI TY
VEASURED DATA)

ADA Consul tants 8.9 1.1 0.4to 2.1
Al ert Mat
Carsoni te, 8.0 0. 98 0.4to 1.4
I nt ernati ona

Pat hf i nder
Hasti ngs Pavenent 3.5 0.42 0.0to 1.1
ADA Paver
Transpo | ndustries 6.0 0.74 0.0to 1.3
St ep- Saf e

D5
Table D2

Measured and Projected Done Hei ght Wear - South Station



A.  Exposure

Days Between Measurenents 69

B. Acceleration Factor 20

MANUFACTURER ( PRESENT OVER EXPOSURE WEAR AT PLATFORM

PRODUCT NAME PERI OD) EDGE ( PERCENT)

Carsonite 11.0 2.9

| nt ernati ona
Pat hf i nder

Crossville Ceram cs 5.4 1.4
Tac-Til e

Engi neered Pl astics 12.0 3.2
Arnmor-Til e

Hasti ngs Pavenent 2.4 0. 64
ADA Paver

Rehau 51 1.3
Access Tactile Tile

Summtville Tile 1.1 0. 28
Tactil e Tread

Transpo | ndustries 2.8 0.74
St ep- Saf e

MEASURED WEAR
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PRQIECTED ANNUAL

RANGE OF PRQJECTED
ANNUAL WEAR
RATES ( BASED ON
VARI ABI LI TY
MEASURED DATA)

2.6 to 3.4

*U. S. GOVERNMENT PRI NTI NG OFFI CE: 1995- 600- 830/ 00061
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