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Date
MINUTES OF THE _House  COMMITTEE ON Transportation
The meeting was called to order by RepresentatizgmﬁiémCrowell at
2:00 HE./p.m. on March 6 19_83n room __519-5 &f the Capitol.

All members were present EREREt:

Committee staff present:

Hank Avila, Legislative Research Department
Fred Carman, Office of the Revisor of Statutes
Donna Mulligan, Committee Secretary

Conferees appearing before the committee:

Mr. Don Low, Kansas State Corporation Commission

Mr. Bill Green, Kansas Corporation Commission

Mrs. Mary Turkington, Kansas Motor Carriers Association
Representative Elizabeth Baker

Mr. Bill Fuller, Kansas Farm Bureau

Ms. Jan Carrico, Beloit, Kansas

Mr. Leroy Jones, Brotherhood of Locomotive Engineers
Mr. R. E. Calbert, United Transportation Union

Mr. Fred Allen, Kansas Association of Counties

Mr. Pat Hubbell, National Association of Railroads
Mr. Ed DeSoignie, Kansas Department of Transportation

The meeting was called to order by Chairman Rex Crowell and the first

order of business was a hearing on HB-2548 concerning natural gas pipeline

safety.

Mr. Don Low, Kansas State Corporation Commission, testified as a proponent

on HB-2548. (See Attachment 1) Mr. Low said that in 1970, the Kansas
State Corporation Commission was given statutory authority to adopt and
enforce such rules and regulations as may be necessary to be in confor-

mance with the federal act. He also said that since then the Commission's

pipeline safety program has been fully implemented and responsible for
correcting many potentially hazardous and unsafe situations. He noted

that in FY-1984, the Commission received $75,500 of the $178,000 program

expenses from federal funds. He said the changes in HB-2548 would help
in the receipt of federal funds. He said most states provide the addi-
tional jurisdiction which the KCC is seeking, and as a consequence are
eligible for a greater share of federal funds.

Representative Freeman asked if there have been any federal funds lost

from lack of compliance. Mr. Low said there have not been any funds lost

due to lack of compliance.
The hearing on HB-2548 was ended.

The next business was a hearing on HB-2514, concerning limitations on
the transfer of certificates of public convenience and necessity.

Mr. Bill Green of the Kansas Corporation Commission testified on HB-2514.

(See Attachment 2) Mr. Green said it is the recommendation of the KCC
that the subject matter contained in HB-2514 be assigned to an interim
study committee.

The next business was a hearing on HB-2515 which clarifies the manner
in which motor carriers are required to register their power equipment
annually with the KCC.

Mr. Bill Green of the Kansas Corporation Commission testified in support

of the bill. (see Attachment 3)

Unless specifically noted, the individual remarks recorded herein have not
been transcribed verbatini. Individual remarks as reported herein have not
been submitted to the individuals appearing before the committee for 1

editing or corrections. Page

of 3



CONTINUATION SHEET

MINUTES OF THE ___House COMMITTEE ON Transportation

room _519-S Statehouse, at _2:00 _ &&./p.m. on March 6, 1985

Mr. Green said the Commission requests that HB-2515 be amended by add-
ing the word "or" between the words '"carrier, contract" on Line 0083.
Also on Line 0083 by deleting the words '"or private motor carrier of
property" and on Line 0084 by reinserting the words "which such person
does not own".

Ms. Mary Turkington, Kansas Motor Carriers Association, testified that
they support HB-2515 if the amendments suggested by Mr. Green are adopted.

The hearing on HB-2515 was ended.

The next hearing was on HB-2400 concerning requiring reflectorized mark-
ing of railroad cars.

Representative Elizabeth Baker, sponsor of the bill, briefed the Committee
on its contents. (See Attachment 4)

| Mr. Bill Fuller, Kansas Farm Bureau, testified in support of HB-2400.
(See Attachment 5) He said the voting delegates at the most recent
annual meeting of the Kansas Farm Bureau adopted a resolution endorsing
the use of iredescent materials on railroad cars.

Ms. Jan Carrico of Beloit, Kansas, testified favorably concerning HB-2400.
(See Attachment 6)

Mr. Leroy Jones, Brotherhood of Locomotive Engineers, testified in favor
of HB-2400. He urged the Committee to recommend this bill favorable for
passage in an effort to reduce rail crossing accidents.

Mr. R. E. Calbert of the United Transportation Union gave favorable tes-
timony concerning HB-2400. (See Attachment 7) He stated that adding
reflective markings would be a step toward reducing the number of deaths
and injuries occuring at railroad grade crossings in Kansas, and urged
passage of HB-2400.

Mr. Fred Allen of the Kansas Association of Counties, spoke in opposition
to HB-2400.

Representative Patrick asked why stop signs aren't used at rail crossings.
Mr. Allen said if there are too many stop signs, people tend to begin to
ignore them.

| Mr. Pat Hubbell, of the National Association of Railroads was the next
conferee and spoke in opposition to HB-2400. (See Attachment 8)

Mr. Hubbell stated that one of the problems they have with the state pass-

ing this legislation is that uniformity is needed in the regulation of

interstate railroads. He referred to a federal study conducted by the

U. S. Department of Transportation in 1982 which revealed that only 14.6

percent of all motor vehicle accidents which occur at highway rail crossings
’ are accidents in which motor vehicles strike trains under conditions of

dawn, dusk or darkness. (See Attachment 9)

The DOT study further reveals 46.0 percent of accidents involving motor
vehicles striking trains under conditions of dawn, dusk or darkness,
occur at crossings with active warning devices such as flashing lights
with automatic gates.

Mr. Tom Tunnel, Kansas Grain and Feed Dealers Association, testified in
opposition to HB-2400. (see Attachment 10)

Mr. Tunnel told the Committee that rail transportation is a critical com-
ponent of agriculture's cost structure. He noted passage of HB-2400 will
increase those costs and the producer will end up paying the bill.
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Mr. Ed DeSoignie of the Kansas Department of Transportation gave testi-
mony in opposition to HB-2400. (See Attachment 11)

He said the major policy question raised by this bill is whether instal-
lation of reflectorized rail car markings represents a practical and
cost-effective method of reducing fatalities, injuries and property
damage at rail-highway grade crossing accidents.

Mr. DeSoignie told of a study on rail car reflectorization that was
published by the Federal Railroad Administration in 1982, which was in-
conclusive as to the benefits of reflectorizing rail cars.

The hearing on HB-2400 was ended.

The next order of business was Committee discussion and action on HB-2400.

Representative Moomaw made the motion to table HB-2400. The motion was
seconded by Representative Smith. Motion passed.

The next business was Committee discussion and action on HB-2021 concerning
the indexing provisions of the motor fuels tax law.

A motion was made by Representative Dillon to amend the provisions in
Lines 54 through 56 to reflect the way the gasohol tax bill (HB-2022)
was passed out of Committee. The motion was seconded by Representative
Erne.

Discussion took place on the motion and the likelihood of HB-2202 being
amended on General Orders.

The motion was withdrawn by Representative Dillon. With the consent of
his second.

The Chairman said HB-2021 would be taken up again after the floor debate
on HB-2022.

Attention was then turned to HB-2124 concerning automobile warranties.

Representative Knopp gave the report of subcommittee findings and explained
amendments drawn up in a balloon. (See Attachment 12)

A motion was made by Representative Patrick to adopt the amendments in
the balloon. The motion was seconded by Representative Knopp. Motion

passed.

Representative Knopp made a motion to amend the bill to exclude '"commer-—
cial vehicles". The motion was seconded by Representative Freeman.

Representative Wilbert made a substitute motion to table HB-2124. The
motion was seconded by Representative Lacey. Motion failed.

A vote was taken on the original motion to exclude commercial vehicles.
Motion failed.

Representative Knopp made a motion to exclude the customized parts of
vehicles which have been modified by second stage manufacturers. The
motion was seconded by Representative Patrick. Motion passed.

A motion was made by Representative Patrick to recommend HB-2124 as amended
favorable for passage. The motion was seconded by Representative Sutter.
Motion passed.

The meeting was adjourned at 3:30 p.m.

Chairman
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PRESENTATION OF THE
STATE CORPORATION COMMISSION
ON HOUSE BILL 2548

IN 1968, CONGRESS PASSED THE NATURAL GAS PIPELINE SAFETY ACT
WHICH REQUIRED THE FEDERAL DEPARTMENT OF TRANSPORTATION TO
ESTABLISH SAFETY STANDARDS FOR TRANSPORTATION OF NATURAL GAS AND
PIPELINE FACILITIES. SECTION 5 OF THAT ACT PROVIDES THAT
INTRASTATE TRANSPORTATION AND FACILITIES ARE NOT SUBJECT TO THE
FEDERAL STANDARDS IF A STATE AGENCY HAS REGULATORY JURISDICTION
AND IS ANNUALLY CERTIFIED BY THE SECRETARY OF TRANSPORTATION TO
ENFORCE THE FEDERAL STANDARDS.

IN 1970, THE KANSAS COMMISSION WAS GIVEN EXPLICIT STATUTORY
AUTHORITY TO ADOPT AND ENFORCE “SUCH RULES AND REGULATIONS AS MAY
BE NECESSARY TO BE IN CONFORMANCE WITH" THE FEDERAL ACT. K.S-A.
66-1,150. SINCE THEN THE COMMISSION'S PIPELINE SAFETY PROGRAM
HAS BEEN FULLY IMPLEMENTED AND IN RECENT YEARS HAS BEEN
RESPONSIBLE FOR CORRECTING MANY POTENTIALLY HAZARDOUS AND UNSAFE
SITUATIONS. WE NOW HAVE FIVE FULL-TIME STAFF WHO ARE
CONTINUOUSLY INSPECTING NATURAL GAS PIPELINE FACILITIES. THOSE
EFFORTS ARE PARTIALLY FUNDED BY FEDERAL DOT GRANTS. IN FY 198L,
THE COMMISSION RECEIVED $75,500 OF THE $178,000 PROGRAM
- EXPENSES FROM FEDERAL FUNDS. HOWEVER, THE FEDERAL FUNDS
AVAILABLE TO THE STATES HAS BEEN DECREASING IN RECENT YEARS, WITH
EACH STATE'S ALLOCATION BASED ON THE QUALITY AND QUANTITY OF ITS

SAFETY PROGRAM.

3%:;’ / ‘;}ib”
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FOR SEVERAL YFARS NOW, THE DEPARTMENT OF TRANSPORTATION HAS
URGED THE COMMISSION TO SEEK CLARIFICATION AND EXTENSION OF ITS
AUTHORITY OVER VARIOUS ASPECTS OF NATURAL GAS SAFETY REGULATION.
ATTACHED IS A LETTER FROM DOT CONCERNING THE COMMISSION PROGRAM.
CONSEQUENTLY, THE COMMISSION HAS REQUESTED THE AMENDMENTS TO
K.S.A. 66-1,150 CONTAINED IN HB 2548.

THIS AMENDMENT WOULD HAVE THE FOLLOWING CONSEQUENCES:

1.

IT WOULD CLARIFY THE COMMISSION'S JURISDICTION OVER
PIPELINE SYSTEMS WHICH MAY NOT STRICTLY BE CONSIDERED
PYUBLIC UTILITIES BUT WHICH SELL GAS TO END USERS OR
OTHER PIPELINES. THESE ARE IN MANY INSTANCES GATHERING
LINES WHICH HAVE TAPS TO RURAL CUSTOMERS. UNDER THE
FEDERAL GUIDELINES, THE GATHERING PORTION OF SUCH
SYSTEMS IS NOT SUBJECT TO REGULATION BUT THAT PORTION
WHICH TRANSPORTS THE GAS TO CUSTOMERS POSES SIGNIFICANT
SAFETY CONCERNS AND IS SUBJECT TO SUPERVISION. THE
COMMISSION STAFF HAS COME ACROSS SEVERAL SUCH SITUATIONS
WHERE THE SYSTEM'S STATUS AS A PUBLIC UTILITY MAY BE
DEBATABLE DUE TO THE AMBIGUITY OF THE PRIVATE USE
EXCEPTION IN K.S.A. 66-104. NONETHELESS, THE STAFF HAS
BEEN SUCCESSFUL IN OBTAINING CORRECTIVE ACTION TO UNSAFE
SITUATIONS-
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2. 1T WOULD ALLOW THE COMMISSION RATHER THAN THE FEDERAL
AGENCY TO SUPERVISE PRIVATELY OWNED FACILITIES. THIS
WOULD BE A SITUATION WHERE A CUSTOMER MAY BE
TRANSPORTING GAS FOR CONSUMPTION OVER A PRIVATELY OWNED
PIPELINE. AN EXAMPLE WOULD BE THE FORT SCOTT COMMUNITY
COLLEGE BUYING GAS DIRECTLY FROM A WELL TO HEAT SOME
BUILDINGS. CONCERN HAS BEEN EXPRESSED BY THE CITY ABOUT
WHO SUPERVISES THE SAFETY ASPECTS OF SUCH A LINE.

3. THE COMMISSION WOULD ALSO OBTAIN JURISDICTION OVER
FACILITIES WHICH ARE BEYOND A MASTER M:=TER OWNED BY A
UTILITY. THIS WOULD INVOLVE PRIMARILY MOBILE HOME PARKS
WHERE THE OWNER OF THE PARK, RATHER THAN THE SERVING
UTILITY, HAS INSTALLED AMD MAINTAINED THE DISTRIBUTION
LINES. SUCH LINES 0OBVIOUSLY REQUIRE PERIONDIC INSPECTION
FOR HAZARDS.

THE COMMISSION BELIEVES THAT THE AMENDMENTS WE ARE
REQUESTING WOULD BE BENEFICIAL IN SEVERAL RESPECTS. FIRST,
BECAUSE OUR INSPECTORS ARE ALREADY IN THE FIELD, THE ADDITIONAL
FACILITIES COULD BE INSPECTED MORE EFFICIENTLY BY THE STATE
RATHER THAN THE FEDERAL AGENCY AND WE MAY BE MORE ACCESSIBLE TO
THE OWNERS AND OPERATORS THAN THE FEDERAL AGENCY.
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SECOND, IN MANY INSTANCES THE SITUATIONS WHICH ARISE
INDIRECTLY INVOLVE JURISDICTIONAL UTILITIES WHICH WE CAN
COORDINATE WITH.

THIRD, THESE AMENDMENTS WILL HELP IN THE RECEIPT OF FEDERAL
FUNDS FOR THE INSPECTION PROGRAM. SINCE MOST OTHER STATES HAVE
THE ADDITIONAL JURISDICTION WHICH WE ARE SEEKING, THEY ARE
ELIGIBLE FOR A GREATER SHARE OF FUNDS.
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Mr. Michael Lennen

Chairman

Kansas State Corporation Commissicn
State Office Building, Fourth Floor
Topeka, KS. 66612

Dear Mr. Lennen:

On June 6-8, 1984, Mr. Edward J. Ondak, Chief, Central Region, Office of
Operations and Enforcement (Pipeline Safety), conducted a review of the gas
pipeline safety program being conducted in cooperation with this office
pursuant to Section 5(a) of the Natural Gas Pipeline Safety Act of 1968, as
amended. During the visit, he monitored your pipeline safety activities
and accompanied Messrs. Dober, Lloyd, and Amos on a field audit of the city
of Chanute, Kansas. I thank you for the courtesies extended to Mr. Ondak
by your staff.

The following items were discussed in Mr. Ondak's report on his visit.

1. Your gas pipeline safety program is progressing very
well. Mr. Ondak reports that Mr. Dober has done
a remarkable job as supervisor and provides leadership
and guidance to the new inspectors in the program. The
State of Kansas is rapidly assuming a lead role in pipeline
safety enforcement in the Central Region.

2, In your 1984 certification, it was stated that Kansas
would seek jurisdiction over privately owned facilities, not
public utilities under state law, other publicly owned
distribution systems, and gas facilities beyond the master
meter. We encourage you to actively sesk this jurisdiction.
Mr. Ondak has offered some guidelines to your staff suggesting
a method to accomplish the above with minimal change in state
law. Feel free to call on Mr. Ondak to assist your staff in
this endeavor.



3. QOutside forces, or third party damage, is the leading cause of
pipeline incidents. Amendment 40 of 49 CFR, Part 192, requires
all pipeline operators to have a written program to prevent
damage to pipeline by outside forces. We encourage you to
enact legislation for prevention of damage to pipelines from
outside forces.

Thank you for your continued cocperation in matters of pipeline.
Sincerely,
—~— /'\— 2
v w —
3 & FzEy
L% Robert L. Paullin
Associate Director

0ffice of Operations & Enforcement
Materials Transportation Bureau



STATE JURISDICTION OVER INTRASTATE GAS FACILITIES AS OF DECEMBER 31, 1924.

Attachment 1

Type of Intrestate
Gas Fecility

State Agency
Has
Juriediction
Under Existing
Law

State Agency
Does Not Have
Jurisdiction
Under Existing
Low

1f State Does Not Have Jurisdiction, Please Place \/ Whare Appropriste

State Does
Not Want
Jurisdiction

State
Intends
to Seek

Jurisdiction

State Has
Taken Action
to Obtain
Jurisdiction

State Expects
to Obtsin
Jurisdiction by
End of Next
Calendsr Year

Remorks

Gathering lines in
non-rursl srees,

Transmission lines
{including transmission
lines of distribution
systoms)

Privately owned
distribution public utifities

Privately owned facHitiss
not public utilities under
State lew (industrisl or
tarm taps, stc.)

Kansas will seek
jurisdiction

Municipally owned
distribution systems

Other publicly owned
distribution systems
{water districts, highwey
districts, etc.)

See above

Petroleurmn ges facilities
covered by 49 CFR 192.11

Gas facilities beyond the
master meter

See above

Offshore facilities
ss defined In 49CFR 1823

N/A
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KEITH R. HENLEY Commissioner Fourth Floor. State Office Bldg.

JUDITH A. McCONNELL Executive Secretary Ph. 913.296-3355
BRIAN J. MOLINE General Counsel TOPEKA. KANSAS 66612-1571

JOHN CARLIN Governor
MICHAEL LENNEN Chairman
MARGALEE WRIGHT Commussioner

STATEMENT PRESENTED ON MARCH 6, 1985, TO THE HOUSE TRANSPORTATION

COMMITTEE BY THE STATE CORPORATION COMMISSION OF KANSAS

ON HOUSE BILL 2514

MR. CHAIRMAN AND MEMBERS OF THE COMMITTEE, I AM BILL GREEN, ADMINISTRATOR

OF THE TRANSPORTATION DIVISION OF THE STATE CORPORATION COMMISSION.

THIS BILL WAS REQUESTED BY THE COMMISSION TO BE INTRODUCED AS A
COMMITTEE BILL. THE BILL IN ITS CURRENT FORM WOULD ELIMINATE THE TRANSFER
AND SALE OF INTRASTATE CERTIFICATES OF CONVENIENCE AND NECESSITY.
TRANSFERS HOWEVER WOULD BE LIMITED SOLELY TO THE FOLLOWING CIRCUMSTANCES:
1.) CHANGE IN LEGAL IDENTITY;
2.) A MERGER OF CORPORATIONS;

3.) TRANSFER TO LAWFUL SUCCESSOR OF THE CERTIFICATE
IN EVENT OF DEATH BY THE HOLDER; AND

4.) TRANSFER BY ORDER OF THE COURT IN DIVORCES AND
PROPERTY SETTLEMENT.
SINCE REQUESTING THAT THIS BILL BE INTRODUCED, THE COMMISSION HAS
RECONSIDERED THE MATTER OF TRANSFERRING CERTIFICATES HELD BY INTRASTATE
COMMON CARRIERS. THE COMMISSION BELIEVES THERE MAYBE OTHER REASONS TO

TRANSFER CERTIFICATES BESIDES THE FOUR REASONS PREVIOUSLY MENTIONED.
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THEREFORE, THE COMMISSION PROPOSES THAT THE SUBJECT MATTER CONTAINED
IN HOUSE BILL 2514 BE ASSIGNED TO AN INTERIM STUDY COMMITTEE. THE
COMMISSION RECOGNIZES THAT THE ELIMINATION OF TRANSFER OF CERTIFICATES
IS A.SIGNIFICANT CHANGE TO THE EXISTING PRACTICE AND THE COMMISSION
FURTHER BELIEVES THERE IS A NEED TO IDENTIFY ANY OTHER REASONS FOR

TRANSFERS OTHER THAN THE FOUR REASONS CONTAINED IN HOUSE BILL 2514.

AT THIS TIME SHOULD YOU HAVE ANY QUESTIONS, I WILL ATTEMPT TO ANSWER THEM.

3/6/85



State of Kansas

JOHN CARLIN Governior
MICHAEL LENNEN Chairman
MARGALEE WRIGHT Commissioner

&afe Corloorafion C)ommidéion

Fourth Floor, State Office Bldg.

KEITH R. HENLEY Commissioner

JUDITH A, McCONNELL Executive Secretary

Ph. 913.296-3355

BRIAN J. MOLINE General Counsel TOPEKA, KANSAS 66612-1571

STATEMENT PRESENTED ON MARCH 6, 1985, TO THE HOUSE TRANSPORTATION

COMMITTEE BY THE STATE CORPORATION COMMISSION OF KANSAS

ON HOUSE BILL 2515

MR. CHAIRMAN AND MEMBERS OF THE COMMITTEE, I AM BILL GREEN, ADMINISTRATOR
OF THE TRANSPORTATION DIVISION OF THE STATE CORPORATION COMMISSION.

THIS BILL WAS REQUESTED BY THE COMMISSION TO BE INTRODUCED AS A
COMMITTEE BILL IN ORDER TO CORRESPOND WITH THE COMMISSION'S CURRENT
POLICY REGARDING VEHICLE REGISTRATION OF INTERSTATE MOTOR CARRIERS

(LINE 0046 THROUGH LINE 0062). THE CHANGE IN COMMISSION POLICY ON
VEHICLE REGISTRATION OF INTERSTATE CARRIERS HAS BROUGHT THE COMMISSION
IN COMPLIANCE WITH A FEDERAL LAW (PUBLIC LAW 89-170) REGARDING
REGISTERING OF INTERSTATE CARRIERS. THE COMMISSION PREVIOUSLY REQUIRED
THE MAKE, MODEL AND VEHICLE IDENTIFICATION NUMBER OF INTERSTATE
VEHICLES. THIS INFORMATION IS NO LONGER BEING REQUESTED BY THE
COMMISSION. THE COMMISSION HOWEVER, DOES REQUIRE INTRASTATE MOTOR
CARRIERS AND INTERSTATE EXEMPT MOTOR CARRIERS TO PROVIDE THE MAKE, MODEL
AND VEHICLE IDENTIFICATION NUMBER OF VEHICLES BEING REGISTERED (LINE 0030
THROUGH LINE 0037).




ON LINE 0082 THROUGH LINE 0091 WE HAVE ATTEMPTED TO CLARIFY THE
COMMISSIONS ISSUANCE OF KCC TAGS TO INTRASTATE AND INTERSTATE DRIVEAWAY
OPERATORS. BOTH THESE TYPES OF CARRIERS DO RECEIVE PLATES EVEN THOUGH

ONE TYPE OF CARRIER IS AN INTERSTATE OPERATOR.

THE COMMISSION REQUEST THAT HOUSE BILL 2515 BE AMENDED BY ADDING THE
WORR "OR" BETWEEN THE WORDS 'CARRIER, CONTRACT" ON LINE 0083. ALSO,

ON LINE 0083 DELETING THE WORDS '"OR PRIVATE MOTOR CARRIER OF PROPERTY"
AND FINALLY ON LINE 0084 BY REINSERTING THE WORD "WHICH SUCH PERSON
DOES NOT OWN'". THIS AMENDMENT IS BEING REQUESTED BECAUSE WITH THIS
LANGUAGE THE COMMISSION WOULD BE MAKING A SIGNIFICANT CHANGE IN THE WAY

DRIVEAWAY OPERATORS WOULD BE REGULATED.

AT THIS TIME SHOULD YOU HAVE ANY QUESTIONS I WILL ATTEMPT TO ANSWER THEM.

3/6/85



STATE OF KANSAS

COMMITTEE ASSIGNMENTS

MEMBER: ELECTIONS
EDUCATION
LOCAL GOVERNMENT

ELIZABETH BAKER
REPRESENTATIVE, EIGHTY-SECOND DISTRICT
SEDGWICK COUNTY
1025 REDWOOD RD
DERBY. KANSAS 67037

TOPEKA

HOUSE OF
REPRESENTATIVES

TEST IMONY

TO: House Transportation Committee
FROM: Representative Elizabeth Baker
DATE: March 6, 1985

RE: House Bill 2400

OBJECTIVE: To prevail upon the committee to pass favorably House Bill 2400 because
of their understanding of the continual danger to the public's welfare
which the reflective markings on railroad cars could potentially resolve.

House Bill 2400 is an uncomplicated bill that would simply require railroad cars when

crossing a repair track to be marked in some manner with reflective markings before it
is returned to active service. The size and specifications for the reflective markings
will be prescribed by rules and regulations adopted by the Secretary of Transportation.

It cannot reasonably be gainsaid that the fundamental mission of govermment is to
portect and promote the public welfare. The public's safety is an inherent element

in the concept of public welfare. When a substantial body of evidence indicates there
is a threat to public safety, responsible legislators have a duty to act reasonably,
even though such action may impose some minor restraints upon others, and in this
instance, it is the extent to which railroads can maximize their profits. This bill
announces a legislative policy which values public safety over private profit.

Many changes have appeared in our society over the last 150 years since trains appeared
on the scene. Over those years the dangers involving railroads have increased, and

not necessarily because of the railroads, but because of outside factors that have made
the railroads the responsible party. At the turn of the century we were not transporting
tons of hazardous wastes and toxic materials all over our nation by rail or any other
way. The trains themselves were not traveling at high rates of speed with lengths up to
10,000 ft. (almost 2 miles). There were nnt 2.3 million people in Kansas driving a
million or so automobiles whose lives could be endangered. Rather than decreasing, the
need for the railroad to adhere to more stringent safety standards is increasing and is
of great significance for the safety and well-being of Kansans. The railroads themselves
acknowledge this.

\,3/4;/3?5
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‘Mewo - House Transportation Committee
Page 2 March 6, 1985

For example, the so called "death train' which transports nuclear warheads from Amarillo,
Texas to the state of Washington. When it first began its journeys it traveled through
the state of Colorado. Subsequent to the many nuclear protests - people lying on the
tracks in front of the approaching train - the railroads were forced to consider a new
route. That route is through our glorious state. Because of the many problems that
surround crossing accidents the railroads marked the '"death train" cars with reflectorized
markings. They recognized the inherent danger of not marking the cars of this extremely
hazardous train. This situation is of course magdzfiéd because of the trains singularly
deadly cargo and that is also the reasoning for painting the train white and the numerous
guards it carries. Railroads now transport 70% of all hazardous materials and Kansas has
over 7,000 miles of railroads, the 3rd longest in the nation. If the railroad continues
to transport these materials on virtually unmarked trains over unprotected crossings

it is the responsibility of the legislature to address the problem. It behooves us in
the State of Kansas, to be leaders in the field of railroad safety.

In further investigation of accidents involving both protected and unprotected crossings
the following data from the Kansas Railroad Safety Statistics compiled by the Kansas
Corporation Commission is provided. The number of accidents on protected crossings from
the years 1969 - 1983 was 805. The number of accidents on unprotected crossings for the
corresponding time period was 1717. This is 695 more accidents - a damaging increase

of 113%. The number of injuries on protected crossings from 1969 - 1983 was 437. The
number of injuries on unprotected crossings was 964, a painful percentage of 121. The
number of fatalities ranged from 118 to 282 an increase of 164, a deadly 140%. Although
it is impossible to document the number of lives saved and the amount of suffering that
could be prevented by instituting this legislation, it is obvious by this review of
protected and unprotected railroad crossing accidents that many of those accidents would
be prevented.

On a personal note to arrive at an unprotected railroad crossing at night and to be
confronted by a train that I had only become aware of at the last moment, is an incident I
have experienced many times. I appeal to you as individuals to examine your own
experiences with unprotected crossings. The inabliity to discern railroad cars moving in
the dark is a phenomenon of which most of us are well-acquainted.

Today, you will witness the by now familiar litany of the railroads that the cost far
exceeds the benefits to the public. All of their exculpatory arguments will fail to
address the central issue here, the role reflectorized markings would have in reducing
the risk of personal injury and property damage. We are not asking the railroads to
assume this cost immediately - the bill contains no complicated completion deadlines.

We are asking the railroads to behave in a responsible manner towards the citizens of
our great state. The evidence presented here is clear and compelling. Reflectorized
markings would play an essential, indeed, critical role in protecting the publics safety.
To say otherwise is beyond the pale of ratiomale discourse. Our duty, as responsible
legislators is clear, endorse House Bill 2400 as essential to the public's welfare.

EB/bs
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YEAR
1969
1870
1971
1972
1973
1974
1975

1976

1977 .

1978
1979

1980

1981

1982

1983

TOTALS

RAIL-HIGHWAY GRADE CROSSING ACCIDENTS

PROTECTED

Number of Number of Number of
accidents injuries fatalities

28 30 15

30 22 21

33 36 14

25 28 11

32 29 6

29 27 10

85 29 4

84 41 10

93 42 7

89 29 7

85 28 2

62 31 5

71 23 6

53 15 3

58 27 7

UNPROTECTED
Number of Number of Number of
accidents 1injuries fatalities
84 68 41
62 42 33
58 56 29
69 51 26
62 53 22
89 83 23
194 80 19
149 70 26
172 82 16
182 85 16
179 103 ;5
143 69 8
122 39 7
119 60 10
96 23 18



RAILROAD ACCIDENTS

Bob Cutter, Coordinating Engineer KDOT

9230 Public Crossings (total crossings statewide)
984 State and federal highway
5000 County and Township roads

Accidents Fatal Accidents Total Fatalities
1974 256 34
1975 231 17 22
1976 199 25 36
1977 221 | 19 ' 23
1978 208 17 22
1979 245 14 22
1980 206 11 12
1981 188 11 L4
1982 163 12 13
1983 149 20 26

1984
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Mr. Chairman and Mermbers of the Committee:
We are pleased to have this opportunity to bring you the views of the
farmers and ranchers who are meavbers of the Kansas Farm Bureau as you consider

legislation that would require reflectorized markings on railroad cars.

AN

The voting delegates at the most recent annual meeting of the Kansas Farm

Bureau adopted the following state resolutian:

Ka n S a S ‘ | o Réi{ C‘ar Safety Markings

F = ’ . We believe all railroad cars operating in Kansas

Lt should be equipped with sufficient iridescent
a r m u rea u material in patterns so they will reflect the headlights
- requirement should apply to all new cars when

placed in service and to all existing cars when
returned to service after maintenance.

Resolutions
1885

Adopted by the Voting Delegates Representing 105 County Farm
Bureaus at the 66th Annual Meeting of Kansas Farm Bureau in

Wichita, December 4, 1984. _,7/ -
’ P
: /55
.

——r

of a motor vehicle at grade crossings. This

As a result of this action, the Kansas Farm Bureau supports H.B. 2400.

A+fach. 5
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In addition, the state Farm Bureaus developed policy on this issue which

was adopted at the 66th Annual Meeting of the American Farm Bureau Federation

in January:

'FARM | UREAU
PGLICIES
For 1985

Resolutions On National lsshes Adopted
By Elected Voting Delegates Of The
Member State Farm 'Bureaus‘To The
66th Annual Meeting Of The American

Farm Bureau Federation

" JANUARY, 1985

HONOLULU, HAWAIl .

~ Safety ‘ - 651

e O
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. federal governmental agencies in determining rate of accidents,
. hazardous exposures and fatalities in the agricultural occupa-
. tion that is more directly related to production of food and !
. fiber. . .

We believe that safety begms with each individual employ-
er and that employees have a responsibility to observe safe
working rules and conditions. ‘

We endorse continued efforts for uniform state vehicle codes |-
and traffic guides and the furtherance of safety practices on |
highways and farms.

We support the use of the Slow Moving Vehicle emblem on
all vehicles which travel on highways at speeds under 25 miles

per hour.
We support legislation to require rallroads to use reflectors

. or reflectorized paint on the sides of cars.

We favor a federal minimum legal age of 21 years for the con- 1
sumption of alcoholic beverages.

We believe in the strict enforcement of ““drinking and driv- -
ing’’ and ‘‘habitual offender’’ laws.

We recommend that additional automobile safety devices be
optional equipment and encourage use of these devices.

We encourage continued exploration for a new definition of
statistical categories used by the National Safety Council and

0. Our members realize this legislation would be mbsg effective if enacted by

the Federal Goverrment. _However, we'rb.elieve attention and activity by state

will encourage federal action.

needed to spur federal legislation.

In fact, passage of state legislation may be

Mr. Chairman and members of the cdrmit{:ee ;, I would like to share the balance

of my time with Jan Carrico, a Farm Bureau member from Mitchell County who was

instrumental in the adoption of our resolution.

- Jan will share with you infor-

mation and her concerns which she presented to the 414 voting delegates to gain

their overwhelming approval at the Kansas Farm Bureau annual meeting in Decenber.
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ISSUE: TO PREVERT DEATH AT THE TRACIKS

The J. . Carrico, Mitchell County 4-H in conjunction with
Kansas Farm Bureau urges the legislature to pass this law

A. Occupante of cars killed in Kansas 1983, at RAIL ROAD CROSSINGS 26

-

B. Because Kansas is a rural farming area, the county roads are espec-
ially and heavily traveled where there are hidden signs due to
trees and plant overgrowth

C. Harvest presents a time even more dangerous than the entire summer
with traffic in a hurry and not watching for late night trains when
the signs even if they weren't obstructed would be difficult to see.

D. Many city areas that are well signaled could still increase precautions
with the law that would require trains to have reflective paint or
tape applied to all cars in the State of Kansas.

{2 in towas ,

E. NMitchell County alone has over\57£§§§9 Road Crossings , Saline County
Commissioner, R. W. Allen informed me that they have over 135 Reil
Road crossings in Saline County. To give you some idea of the number
of crossings in only 2 small lightly povulated counties. And still
sccidents and deaths occur in all areas of Kansas regardless of
population, when cars collide with a train at Rail Road Crossings

F. Educating people on the dangers of accidents at Rail Road Crossings
is not adequate, Motorists need to see headlights being reflected

from the trains to give them all the chances for life that they can

get.

G. The Federal Highway Ad~inistrationhas been tryiﬁg to do it's part
with funds for crossings improverents made possible thru Sect. 203
of the Highway Safety Act. We urge the legislatﬁre to pass a law

that requires trains to have reflective paint or tape aprled to all

cars in the State of Kansszas.
F e s
Attacl . &



We urge thzt the Federal Railroad Administration do more than form

a co-overative program with the stutes which serves to educcte. We

agk that they co-omnesrate with our legislature and help set new guide-
lin=s for our nation's safety, by en”orcing reflecyive paint or

tape on all rail road cars in Kansas.

Safety is our goal but
Saving Lives is everyone's

Responsibility.



TO PREVENT DEATH AT THE TRACKS

BECAUSE THOUSANDS OF MOTORISTS HAVE LCST THEIR LIVES FROM TRAIN-CAR
CCLLISIONS, WE FEEL IT IS TIVME 70 HELP PREVENT FUTURE DEATHS AT RAILROAD
CROSSINGS. HOW CAN WE DO TEIS?

PLEASE REZAD CUR PRCPCSAL, YOU CAN HELP.

IF EVERY RATILCAR WERE PAINTED ON BCTH SIDES OF THE CAR WITH AN EYE-

LEVEL STRIP CF IRIDESCENT PAINT ONE FOCT WIDE GOING ACROSS THE CAR AS

(& (I

WE FEZL THEAT WHEN MOTORIST'S HEADLIGHTS REFLECTED BACK THEY WOULD HAVE A

TLIUSTRATED:

CEANCE TC STCP THZIR VEHICLE BEFORE SLAM'ING INTO THEE TRAIN.

VITCHELL COUNTY FARV BUREAU DELEGATES WILL BE PRESENTING THIS SAFETY
DROPCSAL FOR YOUR APPRCVAL AT THE DECEMBER IMERTING. WE ARE ASKING THAT
YOU AND YOUR VOTING DELEGATES DISCUSS AND CONSIDER THE NUMEBER OF LIVES FARM
BUREAU MAY HAVE A CHANCETO SAVE BY LOBBYING FCR THIS PROPOSAL. YOUR
ATTENTION TC THIS SAFETY FATTER CAN MAKE A GREAT DIFFERENCE. WE HOPE FARM
RUREAU AND KANSAS CAN GET TOGETHER WITH OTHER INTERESTED PERSOKS, SUCH AS
QUR 4-H CLUB IN YELPING TC PREVENT ACCIDENTS AKD SAVE LIVES AT RAILRCGAD
CR0SSINGS. WE SEE THIS AS HAVING NATIONAL MERIT AND A WAY TC SET PRECEDENCE
T0R OTIER STATES TO FOLLOW. IT HAS TC START SOMEWHERE, LET IT BE WITH US.

TIS PROPOSAL PRESENTED TO YCU BY MITCHELL COUNTY FARV BUREAU AND MITCHELL
COUNTY CLOVERLEAF 4-H CLUB AS A PART OF OUR SAFETY CRMPAIGK TO HELP SAVE LIVES.

THANK YOU,

TINDY LINDBLAD, MITCHELL COUNTY FARM BUREAU AGENCY MANAGER

TERRY CAMPRELL, FRESIDENT, MITCHELL COUNTY FARV BUREAU
KURTIS CARRICO, CLCVERLEAF 4-E CLUB SAFETY CRAIRMAN



ADDITIONAL INFORMATION

A. Scotch Lite Reflective paint
1. Reflective liquid colors: silver, bl=ck yellow, white ( cheapest )
2. cost about 10¢ more per sQﬁére foot 2s commared to regular peint
B. Vinyle reflective sheeting
1. self adhesive
2. made by 3M ; has 7T yecr warrenty
%3, Ap roximately $3.00 per sgusre foot cost of shippage figured
also not buik, figured for Beloit, Ks. area
4. cost comparisons: Tape: $3.00 per sgquare foot ( 7 yr. warrenty )
Regular vpainv 25 to 30¢ per sq. foot
Reflective paint 35 to 40¢ per sq. foot
8. Length of cars vary from 40 feet to 60 feet
D. Suggested width of reflective stripe 1 foot wide

B. Logo on cars average 30 to 32 sq. feet of painted area



OAK STREET PLACE, SUITE A
130 EAST FIFTH STREET
P.O. BOX 726
NEWTON, KANSAS 67114-0726

R. E.” (RON) CALBERT
Director/Chairman
Kansas State Legislative Board
TELEPHONE (316) 283-8041

united transpartation union
TO: HOUSE TRANSPORTATION COMMITTEE, WEDNESDAY, MARCH 6, 1985.

RE: H. B. 2400; AN ACT CONCERNING RAILROADS; REQUIRING REFLECTIVE MARKING
OF RAILROAD CARS; AND PRESCRIBING PENALTIES FOR THE FAILURE TO

COMPLY THEREWITH.

MR. CHAIRMAN- AND MEMBERS OF THE COMMITTEE, I am Ron CALBERT, DIRECTOR/
CHAIRMAN, KANSAS STATE LEGISLATIVE BoArD - UNITED TRANSPORTATION UNION
AUTHORIZED TO SPEAK FOR OUR SEVEN THOUSAND (7000) ACTIVE AND REfIRED MEMBERS
AND THEIR FAMILIES WHO RESIDE IN KANSAS.

We supporT THE CONCEPT OF Houst BiiL No. 2400 REQUIRING REFLECTIVE MARKINGS

ON RAILROAD CARS, AS WE ARE A STRONG SUPPORTER OF OPERATION L IFESAVER.
HOWEVER, THIS TYPE OF LEGISLATION AT THE NATIONAL LEVEL WOULD BE FAR
MORE EFFECTIVE.

As STATE LEGISLATIVE DIRECTOR FOR THE UNITED TRANSPORTATION UNION,

SAFETY ON OR ABOUT THE RAILROAD IS A MAJOR CONCERN OF OUR ORGANIZATION.

WE ARE CONCERNED ABOUT RAILROAD CROSSING SAFETY FOR THE DRIVING PUBLIC

AS WELL AS OUR MEMBERS. THE NEEDLESS DEATHS AND INJURIES THAT ARE
OCCURING AT RAILROAD GRADE CROSSINGS IN OUR STATE NEED TO BE EXAMINED.
ADDING REFLECTIVE MARKINGS COULD BE A STEP IN THE RIGHT DIRECTION. MosT
RAILROAD COMPANIES HAVE TRIED WITH SOME SUCCESS TO INSTALL REFLECTIVE
MARKINGS ON THEIR FLEET OF CARS, BUT A UNIFIED UNDERTAKING OF ALL RAILROAD
COMPANIES AND ALL STATES TO MAKE THIS A UNIFORM EFFORT WOULD BE THE MOST

FEASIBLE.

THANK YOU FOR THE OPPORTUNITY TO TESTIFY BEFORE YOU TODAY.

jasr
0N
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STATEMENT OF THE

KANSAS RAILROAD ASSOCIATION

Presented to

THE HOUSE COMMITTEE ON TRANSPORTATION

The Honorable Rex Crowell, Chairman
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Statehouse

Topeka, Kansas
March 6, 1985



KANSAS RAILROAD ASSOCIATION

SUITE 605, 109 WEST NINTH STREET
PIORBOXNI738
TOPEKA, KANSAS 66628 913-232-5805

PATRICK R. HUBBELL
SPECIAL REPRESENTATIVE-PUBLIC AFFAIRS

MICHAEL C GERMANN. J D
LEGISLATIVE REPRESENTATIVE

MR. CHAIRMAN AND MEMBERS OF THE TRANSPCRTATION COMMITTEE:

My name is Pat Hubbell. I am the Special Representative
— Public affairs For, Ehel Kansas Railrecad Association. = I
appear before you today for the purpose of expressing my
industry's opposition to state legislation requiring the

reflectorization of interstate rail cars.

I. UNIFORMITY OF REGULATION

Congress, in the exercise of its constitutional
authority to regulate commerce among the several states,
has created a comprehensive statutory scheme to regulate
interstate railroads. The following Acts are part of the

federal scheme:

The Interstate Commerce Act, 49 U.S.C.
§1 et seq.

The Transportation of Explosives and
Other Dangerous Articles Act
o AL80%, ULE UeS.Cs SEIL e SEEic



The Safety Appliance Acts, 45 U.S.C.
§1 et seq.

The Railroad Safety Act of 1970, 45
U.S.C. §421 et seq.

The Hazardous Materials Transportation
AetNoE 1994 - 490 UVS . €. §1801
et seq.

Congress enacted the Railroad Safety Act of 1970 to
establish uniform safety standards in all areas of railroad
operations for the benefit of the public and for the benefit
of railroad employees. The Act was intended to eliminate a
hodgepodge of conflicting local railroad regulations which

created an impossible burden on interstate commerce. The

logic of uniformity is overwhelming.

The proposal before the committee today provides an
example of the necessity of uniformity in the regulation of
the rail transportation industry. Suppose for a moment that
a state were to pass a law requiring engineer grade
reflective sheeting of orange color and diamond shape be
affixed to all railroad cars. Next suppose that a
neighboring state were to pass a law requiring high
intensity grade reflective sheeting of silver/white color
and rectangular shape be affixed to all railroad cars in the
same location as required by the first state. A rail

carrier's compliance with both laws would be impossible.

Do



II. MERITS OF REFLECTORIZATION

The National Association of Railroad and Utilities
Commissioners considered the reflectorization issue in the
context of legislation pending before the 89th Congress and
adopted a resolution opposing the legislation. (see NARUC
resolution adopted April 13, 1965.) The Interstate Commerce
Commission investigated the value and effectiveness of
reflectorized material on railroad cars and in the published
report of their investigation, the Commission stated: "[I]t
is doubtful whether the placing of reflectorized material on
the sides of [railroad] cars would serve any useful purpose
or justify the expense of installing such material.
Therefore, we are disinclined to recommend its

installation. (32 250 L EE T A9 7.015)

The Office of Safety, Federal Railroad Administration,
U. S. Department of Transportation, commissioned a study
(DOT study) in 1981 to determine the safety impact and costs
associated with the application of retroreflective materials
on railroad freight cars. The study was performed by the

Transportation Systems Center in Cambridge, Massachusetts,

and was completed in December 1982. The DOT study could not
determine that freight car reflectorization would have any

measureable impact on motor vehicle/train accidents.

|w



The DOT study reveals that only 14.6% of all motor
vehicle accidents which occur at highway-rail crossings are
accidents in which motor vehicles strike trains under

conditions of dawn, dusk or darkness.

The DOT study reveals that 46.0% of accidents involving
motor vehicles striking trains under conditions of dawn,
dusk, or darkness, occur at crossings with active warning

devices (e.g., flashing lights with automatic gates).

The researchers who performed the DOT study identified a
nationwide annual average of 344 motor vehicle accidents
potentially affected by freight car reflectorization but
could not further quantify these accidents and determine
conclusively that any of the accidents occur for reasons

related to freight car,visibility.  They state in their

report:

"The fact that some vehicles run into trains
at positions far from the front of the train
even in daylight conditions and at crossings
with automatic gates, indicates that RIT
[ran-into-train] accidents can sometimes
happen for reasons unrelated to visibility.
Driver intoxication, fatigue, inattention,
or other incapacitation often associated
with highway accidents in general, explain
some crossing accidents.”

The DOT study found that engineer grade freight car

mounted reflectors lost an average reflective intensity of

| >



86% of original value after one year in revenue service and

95% of original value after two years in revenue service.

The DOT study determined that the minimum annual cost
in 1981 dollars of a freight car reflectorized program would

be $67.4 million.

III. COOPERATION

Kansas Railroads believe that continued cooperation by
federal, state and local governments, private businesses and
private citizen groups to find viable solutions to the
serious national problem of highway fatalities is
imperative. Through the cooperative efforts of these
various interests, motor vehicle fatalities at highway-rail
crossings have declined more than 57% since 1974. Kansas
Railroads will continue to seek solutions to this problem in
the spirit of cooperation and will continue their own
efforts to help reduce motor vehicle accidents at
highway-rail crossings by conducting public education
programs throughout the state, by maintaining motor vehicle
warning devices at each of the more than 9,000 public
highway-rail crossings in the state, by working with local

officials to close redundant highway-rail crossings, and by

|



encouraging local officials to install motor vehicle stop

signs at rural highway-rail crossings.

We oppose House Bill 2400 and urge the Committee to
report the bill unfavorably. Thank you for the opportunity
to present our statement. I will try to respond to any

questions which you may have.

|on
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PREFACE

The study described in this report was performed by the Transportation
Systems Center (TSC) under sponsorship of the Federal Railroad Administration,

Office of Safety, U.S. Department of Transportation.

As part of the study, measurements of the durability of reflectors on
Canadian railroad freight cars were conducted jointly by TSC and the Canadian
Transport Commission (CTC) in Montreal, PQ, Canada. Mr. Ash Hibbard initiated
and arranged for Canadian participation in the tests. Mr. Peter F. Strachen,
Mr. John Chemelnitsky, and Mr. Ron Eaton participated in the conduct of the
tests as representatives of CTC. TSC participants in the tests included Dr.

James L. Poage as team leader, Mr. Anthony Newfell, and Mr. Melvin Yaffee.
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SUMMARY

In 1980, accidents in which motor vehicles raﬁ into the side of a train
during periods of dawn, dusk, and dark accounted for 13.5 percent of all
fatalities and 20N.9 percent of all injuries at rail-highway crossings. A
possible remedial action is the application of reflectors to the sides of
freight cars. Reflectors are widely used to improve visibility of highway
signs and trucks and in other highway applications and have been considered
for use on railroad rolling stock to improve rail-highway crossing safety.
However, the safety benefits are difficult to quantify and the cost of
installing reflective material on the nation's 1.71 million freight cars had
not been determined. In addition, major questions concerning reflector
lifetime and degradation of reflector performance in the railroad environment

were not evaluated in the past.

In this study an analysis of the rail-highway crossing accident and inci-
dent reports in the Railroad Accident/Incident Reporting System (RAIRS) data
base, from 1975 to 1980, was performed. Requirements for reflector size,
shape, pattern, and color were estimated. Quantitative data was collected in
the field to describe the decline in reflector performance under railroad

operating conditions.

The examination of the RAIRS data base identified that a large number of
accidents in which a motor vehicle struck the side of the train could not be
avoided by freight car reflectorization. These accidents include: (1)

accidents occurring at crossings with active warning devices, (2) accidents in



which the locomotive is struck rather than a freight car, (3) accidents in
which the train is not a freight train, and (4) accidents under inclement

weather conditions which would prevent reflectors from being of value.

After reductions were made for these four factors, an annual average of
340 accidents, 165 injuries, and 29 fatalities remained for further analysis

of the potential of freight car reflectorization.

Several additional factors further reduce the number of accidents
potentially affected by reflectorization. These include effects of driver
fatigue, intoxication, or inattention; situations in wﬁich the vehicle is
already too close to stop when the first freight car enters the roadway ;
adverse geometry of the rail-highway intersection; poor headlight aim and
condition; excessive degradation of some of the reflectors; and incomplete
reflectorization of the freight car fleet. No attempt has been made in this
report to quantify these factors since re]iab[e data is not extant, but it

0¥

should be noted that the potential benefits fo freight car reflectorization

would be significantly reduced by consideration of the unquantified factors.

Tests conducted on the Canadian railroad system, where reflectorization
has been underway since 1959, and on the Boston and Maine Railroad, provided
quantitative data that shows a sharp decline in reflector reflective quality

with time as illustrated in the figure below.

Xi
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The average reflective intensity measurements made on 208 Canadian freight
cars indicated that a reflector's reflective intensity is reduced to 23
percent of its initial value after six months in service. After one and two
years in service, the reflective intensity is reduced to 14 and 5 percent,
respectively, of the initial value. In the night observation of reflectors,
61 percent of the cars were observed to have reflectors which were barely
visible or not visible at all. Data from the Boston and Maine
reflectorization tests indicated that high intensity reflectors deteriorate in
the railroad environment at a rate similar to that obseérved of engineer grade

reflectors in use in Canada.



The rapid accumulation of dirt necessitates frequent cleaning of
reflectors, which represents more than half of the total cost of freight car
reflectorization. In order to assure cleaning and replacement at the required
intervals, it is assumed that freight cars will be stencilled. The minimum-
cost strategy was determined using photometric analysis of reflector require-
ments and the Canadian deterioration measurements. It would require
expenditure of $67.4 million per year for the entire U.S. fleet, based on the
specifications shown be1ow; The optimal area and washing interval are very

sensitive to maintenance cost assumptions.

Reflector Specifications

Reflector Area 2.75 sq. ft.

Reflector Size 12" by 33"

Reflector Material High intensity sheeting
Number of Reflectors per Car 4 each side, 45' - 60' cars
Reflector Location Sill

Reflector Color Silver/White

Minimum Brightness 45 cd/ft.-candle

Washing Interval 20 months

Replacement Interval 10 years

xiii/iv



1.0 INTRODUCTION
Rail-highway crossing accidents in which motor vehicles run into the side
of a train during dawn, dusk, and dark accounted for 13.5 percent of all

fatailities and 20.9 percent of all injuries at crossings during 1980. A

possible response to this problem is to mount retroreflective material on
freight cars which, when illuminated by vehicle headlights, may give an

indication of the presence of an obstacle in the road. The safety benefits

which would result from this course of action are difficult to quantify, and
the cost of installing and maintaining reflective material on the nation's
1.71 million freight cars would be substantial. In addition, major questions
concerning reflector lifetime and the deterioration of performance in the

railroad environment have not been resolved.

This study seeks to resolve many of these uncertainties by making use of
the six-year Railroad Accident/Incident Reporting System (RAIRS) data base, by

examining results of the Canadian reflectorization program, and by conducting

a limited test of new reflective materials on the Boston and Maine Railroad.

Chapter 2 describes the Canadian reflectorization program and the results

of measurements of the reflectivity of materials installed on Canadian freight
cars. Nighttime observations of reflectorized rolling stock at crossings are

also reported.

Chapter 3 describes a limited test conducted with the cooperation of the

Boston and Maine Railroad in which high intensity reflective material was

installed on 33 sand and gravel cars.



The necessary characteristics of freight car reflectors are developed and

discussed in Chapter 4, utilizing standard photometric analysis.

The installation and maintenance costs of reflectorization are described
in Chapter 5, based on information from the railroad industry, Canada and

suppliers of reflective material.

Chapter 6 describes the results of an analysis of the RAIRS data base and
yields a determination of the number of accidents in which a motor vehicle
struck the side of a freight car during dawn, dusk, and dark in non-inclement
weather conditions at crossings with passive warning devices. Factors which

would reduce the effectiveness of freight car reflectors are discussed.

Alternative to freight car reflectorization such as illumination, active
warning devices, locomotive reflectorization, and locomotive alerting lights

are discussed in Chapter 7.



2. CANADIAN FREIGHT CAR REFLECTURIZATION PROGRAM
Tests were conducted to determine the durability of reflective markings
mounted on Canadian freight cars. The Canadian Transport Commission (CTC) nas

required reflective markings to be installed on the sides of Canadian freight

cars since May, 1959 (Figure 2-1). The tests were conducted by the Transpor-
tation Systems Center (TSC) and the CTC near Montreal, Quebec, during the week
of Uctober 19, 1981. The reflective intensity of reflectors on 208 freight

cars was measured. Ubservations of the visibility of reflectors on trains at

night were made at three crossings.

The tests suggest a rapid decline in reflector reflective intensity to an
average of 23 percent of initial value after six months, to 14 percent after
one year, and to 5 percent after two years (Figure 2-2). The night observa-
tion tests also indicate a rapid decline in reflector reflectivity. On at
least 61 percent of the Canadian cars observed, reflector reflectivity was

rated poor,

2.1 THE CANADIAN REFLECTURIZATIUN PRUGRAM

During the late 1950's, the Canadian Board of Transport Commissioners
(BTC) studied rail-highway crossing data which indicated that a large percent-
age of accidents where motor vehicles strike a train occurred at.night. The
BTC concluded thét the reflectorization of freight cars might reduce this type
of accident. The BTC recommended to the Canadian Federal Cabinet that the
Railway Act bé amended to permit grants to be made from the Railway Grade

Crossing Fund towards the cost of the installation of reflectors. The amount
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(Canadian Freight Car Measurements)



of the grants was established at 80 percent of the cost which was the same

percent granted for other improvements to public crossings. These recommenda-

tions were incorporated into Bill C-52 which subsequently became law.

The B1C held a Public Hearing on March 19, 1959, published its findings in
a Judgement dated May 1, 1959, and issued Order No. 97788 which required each
railway under 1its jurisdiction to apply reflective markings to the sides of
all new box cars delivered to it during the period from May 1, 1959 to
December 31, 1960. In addition, each railway was to apply a simi]ér number of
reflectors to old box cars. The shape, size, and material to be used would be

subject to BTC approval upon application of the railway concerned.

The BTC, and later the CTC, have issued several Orders since 1959 which

have continued the program and which have required 4 reflectors to be applied
to each side of cars of 52 feet or less, and 6 reflectors to each side of cars
of over 52 feet in length. All reflectors measured in the tests are
Scotchlite Brand Reflective Sheeting manufactured by Minnesota, Mining and
Manufacturing Company of Canada. The reflectors are engineer grade siTver

4-inch discs used on Canadian National Railway cars (Figure 2-3) and 4-inch

squares on Canadian PacifickRailway cars (Figure 2-4).

At the end of 1980, 153,783 cars of the Canadian fleet had been equipped.

The CTC authorized 80U percent ot the cost to be paid from the Railway Grade
Crossing Fund not to exceed $8.00 per car. The total federal contribution

through the end of 1980 was $660,436.60.
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The CTC has, from time to time, attempted to evaluate the effectiveness of
the program. The railways are required to report all accidents which occur at
public crossings at grade, and the Railway Transport Committee (RTC) investi-
gates those involving casualties. However, statistics are not maintained
differentiating between those accidents in which the vehicle ran into the side

of a train and those in which the train struck the vehicle.

2.2 MEASUREMENT OF REFLECTIVE INTENSITY

The reflective intensities of freight car mounted reflectors were measured
in the Canadian National Réi]way (CN) and Canadian Pacific Railway (CP) yards
near Montreal during the week of October 19, 1981. The measurements were made
using a Gamma Scientific Inc. Model 910F retroreflectometer. This instrument
consists of: (1) an optical head with an optical system, detector, and light
source, and (2) a control unit with readout display, operating controls, and
rechargeable battery power supply. The instrument is operated by pressing the
optical head against the surface to be measured, which activates the device's
light source. The instrument is calibrated against a secondary standard and
can make measurements during either day or night. Units of reflective inten-

sity are measured in cande]a/foot-cand]e/footz.

Reflectivity measurements were made on reflectors mounted on 208 freight
cars using the Gamma Scientific retroreflectometer (?igure 2-5). Reflectivity
of reflectors was measured on both sides of 120 cars and on one side of 88
cars. Samples of new reflective sheeting of the type installed on Cahadian
freight cars were measured and showed an average reflective intensity of 94

2

candela/foot-candle/foot“. The data collection procedures and resulting data

are given in Appendix A.
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For the data analysis, cabooses and work cars were excluded because the
type of service ot work cars and the frequent washing of cabooses provide a
different environment for the reflectors than that experienced by typical
freight cars. The average of reflective intensity measurements for each of
the remaining 195 cars is shown in Figure 2-6. As can be seen from this-
figure, the reflective intensity of the reflectors decreases rapidly within a

year after installation. The reflective intensity continues to decrease into

the second year when it becomes a relatively constant value of less than 10

cande]a/foot-cand]e/footz.

To examine the rate of decline in reflectivity, an exponential curve,
using natural logrithms, was fitted to the measurements obtained for reflec-
tors which had been in service for less than 2-1/2 years. The resulting
curve, Figure 2-7, shows a rapid decline in reflective intensity for reflec-
tors in railroad revenue service with an average reflective intensity that is

23 percent of the original value after six months, 14 percent after one year,

and 5 percent after two years. Figure 2-7 also shows the 95 percent confi-
dence interval for the curve. The linear regression correlation coefficient

(r) calculated for the natural logarithm of the data was 0.674.

An alternate method was used to analyze the reflectivity measurement data.
The datd were averaged over three-month periods and plotted at six-month inter-
vals (Figure 2-8). As shown, these averages are similar to the exponential
regression curve (Figure 2-7) and imply the same rapid decline in reflective

intensity with time.

11
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AAfter the initial reflectivity measurements, reflectors on 24 freight cars
were washed and the measurements were repeated. The average reflectivity of
the reflectors on each of the 24 cars before and after washing are given in
Table 2-1. The average reflectivity for cars with reflectors having the same
time in service was calculated and expressed as a percentage of the reflective-

intensity of new reflectors (Table 2-2).

The data suggest that the reflective intensity of the reflector does
increase after washing as expected. The data also indicate that the reflec-

tors deteriorate in the railroad environment at a rate such that, after three

years of service, washing of the reflectors restores less than 25% of the

original reflectivity.

2.3 NIGHT UBSERVATION OF REFLECTORS

To observe freight car reflector conspicuity under actual railroad operat-
ing conditions at rail-highway crossings, night observation tests of reflec-
tors mounted on freight cars were made at three rail-highway crossings in the
vicinity of Montreal, Province of Quebec, Canada during the week of October
19, 1981. The test crossings had minimal automobile traffic, an intersection

angle of road and track of 90 degrees, and relatively flat approach grades.

14



TABLE 2-1. MEASUREMENTS OF REFLECTIVE INTENSITY BEFORE AQD AFTER
WASHING REFLECTURS* (Candela/foot-candle/foot®)

Date Car Reflectivity Reflectivity
Built or Rebuilt Before Washing After Washing
1981 37 67

38 67
39 64
34 63
45 72
41 73
28 82
35 67
51 85
1980 18 55
8 28
3 14
43 66
1979 11 20
9 16
9 27
1978 6 16
4 5

8 15
1977 5 17
1975 2 2
1972 3 5
1969 3 10
3 5

*The measurements listed are averages of the reflective intensity of all
retlectors on each freight car.
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TABLE 2-2. REFLECTIVE INTENSITY OF REFLECTORS BEFORE AND AFTER WASHING
AS A PERCENT OF ORIGINAL REFLECTIVE INTENSITY

Percent of Original

Number of Cars  Percent of Original Reflective
Year Built Washed by Reflective Intensity Intensity After
or Rebuilt Year Before Washing* Washing*
1981 9 41.2% ' 76.6%
1980 4 19.1% 42.7%
1979 3 10.3% 22.3%
1978 3 6.4% 22.3%
1977 1 5.3% 18.1%
1976 No Data No Data No Data
1975 1 2.1% 2.1%
1974 No Data No Data ' No Data
1973 No Data No Data No Data
1972 1 3.2% 5.3%
1969 2 3.2% 8.0%

*Percentages listed are averages of all reflectors measured by year car was
built or rebuilt.

An automobile was parked 300 feet from the crossing such that headlignhts
illuminated the crossing. Figure 2-9 shows one of the crossings being set up
for test observations during the day. High beams were used for all tests. An

observer sat in the front seat and recorded observations of the visibility of

retlectors on each car of passing trains. A new reflector was posted at the

crossing to provide a reference for the observer. An observation of “good,"

“fair," or "poor" was recorded by the observer for each car. A car was rated
“good" if the reflectors were clearly visible, "fair" if the reflectors were

only moderately visible, and "poor" if barely visible or not visible at all.

It must be noted that this test was conducted under the best of conditions

with the observer stationary and anticipating the presence of a train.

16
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The night observation test results are summarized in Table 2-3 which gives
the percent of cars with reflectors observed as “good," "fair," or "poor" in 7

trains with a total of 480 cars. Of the cars observed, 14.2 percent had

reflectors with "good" visibility, 16.7 percent “fair," and 69.1 percent

upoor. "
TABLE 2-3. NIGHT OBSERVATIUN OF REFLECTORS ON FREIGHT CARS
Number
Test of Cars  Ratings of Reflector Visibility by Car (Percent)
Date Railroad in Train Good Fair Poor
10/19 CN 89 8.9% 3.4% 87.7%
CN 76 15.8% 26.3% 57.9%
10/20 cp 108 18.5% 16.7% 64.8%
10/21 Ccp 20 15.0% 60.0% 25.0%
cp 65 13.8% 4.6% 81.6%
cp 74 14.9% 23.0% 62.1%
CcpP 48 10.4% 14.6% 75.0%
Total for All Cars 480 14.2% 16.7% 69.1%
Totals, Modified to
Show Canadian Cars
Only 384 17.8% 20.9% 61.3%

United States cars, which usually do not have reflectors, are carried on
Cénadian railroads and representatives of CTC, CN and CP estimated that 20
percent of the cars in Canadjan trains are of U.S. ownership. To account for
U.S. ownership, results shown in Table 2-3 were modified to provide values for
only Canadian cars. This process results in 17.8 percent of cars having
reflectors with "good" visibility, 20.9 percent with "fair" visibility, and

61.3 percent with "poor" visibility.

18



The second line of data in Table 2-3 identifies a Canadian National Rail-
road train with 76 cars. The built and rebuilt dates were recorded from the
cars after this train entered a receiving yard. The reflector visibility
rating, "good," "fair," or "poor," is shown in Table 2-4, along with the
built/rebuilt date and car type. Most of the reflectors which were rated as

“good" or “fair" are less than four years old.

In summary, both the Measurement of Reflective Intensity test and the
Night Observation of Reflectors test suggest a rapid rate of deterioration in

the railroad environment. The average reflective intensity measurements made

on 208 Canadian freight cars imply that a reflector's reflective intensity is
reduced to 23 percent of its initial value after six months in service. After
one and two years in service, the reflective intensity is reduced to 14 and 5
percent, respectively, of the initial value. In the night observation of
reflectors, 61 percent of the cars were observed to have reflectors which were

“poor," i.e., barely visible or not visible at all.
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TABLE 2-4.  RATINGS OF REFLECTOR VISIBILITY BY AGE AND TYPE OF CAR

TOTAL

JATE CAR|{ NUMBER OF CARS BY NUMBER OF CARS BY OBSERVED REFLECTOR NUMBED
BUILT OR| OBSERVED REFLECTOR VISIBILITY BY TYPE OF CAR OF CARS
REBUILTY VISIBILITY GOOD FAIR POOR BY TIME

Good  Fair - Poor Box Tank Box Tank Box Tank Hop. Refr.
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3. BUSTON AND MAINE RAILROAD REFLECTOR TEST

High intensity reflective sheeting wds placed on 33 Boston and Maine Rail-
road (B&M) cars during the spring and summer of 1981. The test period was not
long enough to develop estimates concerning the long-term wear of high inten-
sity reflective sheeting on railroad cars. However, the results for the first
six months indicate deterioration rates which are similar to those obtained

from the Canadian measurements (Chapter 2).

Scotchlite Brand Reflective Sheeting, High Intensity Grade, was installed
on 33 sand and gravel hopper cars on the Boston and Maine Rai]road during May
through July, 1981 (Figure 3-1). Four reflectors, each 4 inches by 12 inches,
were installed on each side of the cars just above the side sill (Figure 3-2).
The material has alternating silver and orange colors such that each 12 inch
piece applied to the cars is a composite of both colors. The ref]ective
intensity of the silver portion of the material was measured to be 290

2

candela/foot-candle/ foot®, The B&M sand and gravel cars are high usage cars

in dedicated service between Boston, Massachusetts and OUssipee, New Hampshire.

During October through December, 1981, reflectivity measurements were col-
lected on 19 of the sand and gravel hopper cars (Figure 3-3). The dirt
observed on the reflectors was of a sandy, dusty nature which would be
expected from the type ot service experienced by the cars. Table 3-1 gives
the average reflector reflective intensity for each car by time in service and

the Towest and highest reflector reflective intensity for each car.
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High Intensity 4-Inch by 12-Inch Reflector on

Boston and Maine Railroad Freight Car
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Figure 3-3

Measurement of Reflective Intensity of Reflector on
Boston and Maine Railroad Freight Car



TABLE 3-1. REFLECTIVE INTENSITY OF SILVER REFLECTORS
(Candela/foot-candle/foot~)

Age Average Reflective Range of Reflective Intensity on Car
(Months) Intensity on Car Low High
4 196 139 232
4 15 2 45
4 29 13 42
4 163 85 202
4 103 36 164
4 97 64 127
4 221 214 227
4 70 33 98
4 135 67 168
4 117 110 . 123
4 58 22 102
4 72 55 89
5 28 19 38
5 94 78 119
5 44 29 56
6 11 5 17
6 19 4 25
6 2 2 2
6 58 33 87

The average reflective intensity of reflectors in service for four months
was 106 candela/foot-cand]e/footz. Reflectors in service for five and six
months had average reflective intensities of 55 and 22
cande]a/foot-cand]e/footz, respectively. These data suggest a decline in
reflective intensity to 37 percent of the initial reflective intensity after
four months in service; 19 percent after five months and 8 percent after six

months (Table 3-2).
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TABLE 3-2. REFLECTIVE INTENSITY MEASUREMENT FOR HIGH INTENSITY REFLECTORS
ON B&M FREIGHT CARS

Time in Number Average Reflective " Average Reflective
Service of Cars Intensity (candela/ Intensity as Percent
(Months) Measured foot-candle/foot ) of Initial Value*

4 : 12 106 37%

5 3 55 _ 19%

6 4 22 8%

*Initial reflective intensity of silver port}on of reflectors was
measured to be 290 candela/foot-candle/foot®.

For comparison purposes, the reflective intensity, as a percent bf initial
value, of reflectors measured on Canadian cars are given in Table 3-3. The
decline in percent of initial value with time is given by both the curve devel-
oped through a regression analysis (Figure 2-7) and the mathematical average

of the reflective intensities measured in each month (Figure 2-6).

TABLE 3-3. REFLECTIVE INTENSITY OF ENGINEEER GRADE MATERIAL
ON CANADIAN FREIGHT CARS

Regression Analysis* Average for Cars Measured by Month**

Time in Reflective Intensity Number Reflective Intensity
Service as Percent of of Cars as Percent of
(Months) Initial Value Measured Initial Value

4 27% 5 32%

5 25% 4 29%

6 : 23% 2 26%

*Figure 2-7.
**Figure 2-6.
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An insufficient amount of data and the limited time available for the

Boston and Maine Reflectorization tests prohibit the development of absolute
conclusions regarding the durability of high intensity reflectors in the rail-
road environment. However, the data indicate that high intensity reflectors
deteriorate in the railroad environment at a rate similar to that observed of

engineer grade reflectors in use in Canada.
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4, REFLECTOR CHARACTERISTICS
Selection of the reflector characteristics for freight car reflectoriza-
tion involves the specification of six critical parameters. They are:

Reflector material

Reflector location and number per car

Reflector color

Reflector brightness

Reflector size, washing cycle, and replacement interval
. Reflector shape

Y PN
.

The subsections that follow analyze the interrelation between these parameters

and select optimum values for each.

4.1 REFLECTOR MATERIAL

Materials which reflect light directly back toward the light source,
regardless of the angle from which the 1light comes, are technically known as
“retroreflectors"” or "retlex reflectors." For simplicity, these materials and

devices will be referred to as “reflectors" in this report.

Reflective materials are characterized in terms of reflective intensify,
which is the ratio of the intensity of the reflected light per unit area
(candela/sq ft) to the illuminance of the incident light (foot-candles). For
a fixed source of intensity I (candela) at a distance d (feet), the
illuminance received by the reflector is I/d2 ft-candles. The intensity of
the reflected light in clear air is A x B x I/d4 (candela), where B is the
reflective intensity of the material and A is the reflector area. A desired
brightness can be achieved by any appropriate combination of area A and
reflective intensity B for a stated source intensity I and distance d. Thus,
less area (a smaller reflector) is needed when a reflector material having a

higher value of B is used.

28



The reflective intensity of the material, B, is dependent on two angles,
the incidence angle and the divergence angle. The incidence angle is the
angle formed by the path of the light source and a line perpendicular to the
surface of the reflector. The divergence angle is the angle formed by the
path of the light source and the line of sight of the observer (Figure 4-1).
The reflective intensity, and hence the intensity of the reflected light, is
very sensitive to the divergence angle and is moderately sensitive to the
incidence angle (Figure 4-2). The reflective intensity of the material and
its sensitivity to divergence and incidence angles varies with each type of

reflective material.

There are three materials which could be used: (1) molded prism reflec-

tors (usually plastic), (2) reflective liquid (typically applied over paint),

and (3) reflective sheeting.

Molded prism reflectors, commonly used on motor vehicles, require mechani-
cal attachments, such as rivets, and are more vulnerable than other types of
reflectors to destruction if struck by a hard object. Molded prism reflectors
can provide more reflective intensity than sheeting. However, the reflective
intensity is strongly dependent on the angle of incidence, such that the
reflected intensity decreases rapidly as the light source becomes less perpen-
dicular to the reflector surface. This means that a molded prism reflector
which provides adequate visibility at a crossing having an intersection angle
of 90 degrees would be much less conspicuous at a crossing with an

intersection angle markedly different from 90 degrees.
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Reflective 1liquid contains many tiny reflective spheres which are applied
as a final coat on top of a layer of paint of an appropriate color.
Reflective liquid provides less reflective intensity than sheeting and molded
reflectors. The tiny reflective spheres can readily accumulate dirt and are
particularly vulnerable to abrasive wear. In addition, the reflective
property of the exposed material is seriously diminished when it is wet, so

that performance in rain is severely degraded.

Reflective sheeting has an adhesive backing which permits application
directly to a newly-painted or cleaned freight car surface. In comparison to
molded prism reflectors and reflective liquid, the sheeting is relatively
insensitive to incidence angle and has a lower lifetime cost. In a particular

situation other materials may be preferred, but in the context of size

determination and cost analysis for this study, reflective sheeting is the

selected material.

There are two forms of reflective sheeting: engineer grade and ﬁigh inten-
sity. The engineer grade material consists of enclosed glass lenses, whereas
the high intensity uses either encapsulated lenses or microprisms. In gen-
eral, the engineer grade is designed for less demanding and shorter-life uses.
The high infensity material combines substantially longer service life with a
greater than three-fold increase in brightness, and is significantly less

sensitive to incidence angle.

The specified reflective intensity of silver/white high intensity material
is 250 cd/ft-candle/sq ft, compared to 70 for engineer grade. Therefore, 3.6

times as large an area is required to produce a given overall intensity of
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ref]gcted light with the engineer grade as with the high intensity. Engineer
grade material is specified to retain at least 50 percent of its initial
reflectivity after 7 years, whereas high intensity material remains above 80%
for at least 10 years in normal service (Appendix B). The basic cost for high
intensity material is only 1.8 times greater than for engineer grade material.
Thus, high intensity reflective sheeting has been selected as the basis for

this analysis of freight car reflectorization.

4.2 LOCATIUN OF REFLECTORS AND NUMBER PER CAR

Normal practice in establishing the location of highway traffic warning
devices calls for one device per lane of traffic, with lane widths typically
between 9 and 12 feet.1 Similarly, Federal Highway Administration require-
ments for side marker lamps and reflectors on trailer trucks specify a reflec-
tor at each end of the trailer and an additional marker halfway between for
trailers exceeding 30 feet in 1ength.Z Therefore, under the aséumption of a
maximum spacing of 15 feet, the required number of reflectors is a function of
car length, and varies between four and seven reflectors per side of car

(Table 4-1).

1Baerwo]d, John E. (Ed.), Transportation and Traffic Engineering Handbook
Englewood Cliffs, NJ: Prentice Hall, 1976, page 328.

ZCode of Federal Regulations, Title 49, Part 571.108, “Lamps, Reflective
Devices and Associated Equipment"; Washington, DC, Government Printing Office
1980, pps. 183-194.
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TABLE 4-1. REQUIRED NUMBER OF REFLECTORS PER SIDE OF CAR

Required Number
Car Length (feet) of Reflectors

Less than 45
45 to 60
60 to 75
75 to 90
Over 90

NOY O W

Reflector location at approximately eye level places the material at the
center of the motorist's field of view and assures sufficient intensity of
incident light. The best location closest to eye level is the side sill of
the freight car. On rolling stock such as flatcars, no other position is

available.

4.3 REFLECTUR BRIGHTNESS

The determination of the brightness required to attract the attention of a

motorist is based on the principles of photometry. Under the assumption of a

90 degree intersection angle between the roadway and track, the amount of

light received by an observer from a retroreflector is given by the equation

be]ow:3
1. A8t un
Ee = 3 , where
d

Ee = illuminance received by the observer (foot-candles)
IS = intensity of the light beamed toward the reflector (candela)
A = area of the reflector (square feet)
3

McGinnis, R.G., "Reflectorization of Railroad Rolling Stock", Transportation
Research Record 137, Transportation Research Board, 1979, p. 31.
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reflective intensity of the reflector (cande]a/foot-candle/ftz)

H

transmissivity of the atmosphere per foot

windshield transmittance
headlight transmittance

A I £ & ™
"

distance between the observer and the reflector (feet)

Under the assumption of a 2.5 second driver reaction time, a level
approach grade, a wet pavement, and a vehicle speed of 50 mi]és per hour, the
motorist must become aware of the obstacle when the vehicle is approximately
500 feet from the crossing so that the vehicle can be brought to a safe stop

before reaching the crossing.

Based on Federal Aviation Administration (FAA) levels for detection of

6

lights in darkness, an illumination level of 2.3 x 10~ ft-candles is required

to assure that the reflector is sufficiently visible.4

Studies have shown that motorists typically use the low headlight beam
even when the high beam would be appropr’iate.5 For a properly-adjusted
headlight, the aim for the low beam is seen to be 2 degrees down from the
horizontal plane (Figure 4-3). Under the assumption of a level approach
grade, a reflector location on the side sill, 3-1/2 feet above the rail will
be one foot above the vehicle headlight, which is assumed to be 2-1/2 feet

above the surface of the roadway.6 Thus, at 500 feet from the crossing, the

*Ibid., p. 33.

51b1’d., page 32.

6Association of American Railroads, "Car and Locomotive Cyclopedia," New York:
Simmons Boardman; 1974.
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reflector will be illuminated light of the intensity which occurs 2 degrees
above the aiming point. As Figure 4-3 shows, this intensity is approximately

3000 candela.

Atmospheric conditions are assumed to be clear, with light attenuated 50
percent due to haze in a distance of 5 miles. This implies an atmospheric

transmittance of 94.5 percent (one-way) at the assumed range of 500 feet.

Based on a previous study, a 30 percent reduction of light by the
windshield and a 15 percent reduction of light by dirt on the headlights is

8
assumed.,

809. Cit., McGinnis, p. 33
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The required reflector brightness (A x B) can be determined from the equa-
tion given on page 32 with the assumed values summarized below in Table 4-2.
The results indicate that for a straight and level roadway, the reflector must

have an overall reflective intensity of at least 45 cd/ft-candle in order to

attract the attention of virtually all motorists at a distance from the

crossing sufficient to permit a safe stop.

TABLE 4-2. OPTICAL PARAMETERS

E_, Required Level ot Illuminance 2.3 x 107° foot candles
d, Required betection Distance: 500 feet

W, Windshield Transmittance: JO e

H, Headlight Efficiency: .85

I_, Headlight Intensity (per lignt): 3000 cd

t, Atmospheric Transmittance: .945

Tne practical validity of this theoretical finding can be confirmed by
reviewing the specifications for two devices used to warn motorists of obsta-

cles in tne highway: the emergency triangle and vehicle marker lights.

The emergency triangle "is to be carried in commercial motor vehicles and
used to warn approaching traffic of the presence of a stopped vehicie."10
Triangular in shape, it includes both orange fluorescent material for daytime
visibility and red reflective material for night visibility. The basic
specitication for the reflective portion is that it have a total reflective
"intensity of 80 cd/ft-candle. Dirt accumulation is assumed to reduce the

effective intensity by a factor of 2; thus, the reflectivity perceived by the

motorist would be 40 cd/ft-candle.
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A variety of white and amber lamps are required on motor vehicles to serve
as side marker lights, parking lights, and clearance lights. These all have
the basic function of alerting drivers to the presence of a vehicle in the
road. The intensity required for these lights is 1 candela for white devices

11 A reflector with reflective intensity of 45 cd/ft-

and .68 cd for amber.
candle has a brightness of .87 cd, which is midway between the specified

intensity for white and amber vehicie lights.

4.4 REFLECTOR COLUR

Silver/wnite reflective material has a much higher reflective intensity
than colored materials. The next brightest, yellow, has a reflective inten-
sity of 170 cd/foot-candle/ftz, compared to 250 cd/foot-candle/ft2 for silver-

white. Red, with the desirable connotations of “stop" and "danger," has a

2, The lower the initial

reflective intensity of only 35 cd/foot-candle/tt
reflectivity of the material, the larger the area needed to yield a specified
overall intensity. Given the rapid deterioration rate of reflectors in the

railroad environment and the requirement that reflectors in service must have
an overall retlective intensity of 45 cd/foot-candle, a silver/white color is

chosen to maximize efficiency.

10Code of Federal Regulations, Title 49, Part 571.125, “Warning Devices",
Washington, DC: Government Printing Uffice, 1980, pp. 290-294.

1yp. cit., Code of Federal Regulations, Title 49, Part 571.108, pp. 183-194.
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4,5 REFLECTOR SIZE, WASHING INTERVAL, AND REPLACEMENT INTERVAL

High intensity silver/white reflector material is specified to have a
reflective intensity of 250 cd/ft—candle/ft2 when new. Therefore, the
required overall retlective intensity ot 45 cd/ft-candle could be met with a
5-inch by 5-inch square of clean new high intensity silver/white sheeting.
However, the required size must be determined on the basis of real conditions

of use.

The reflective intensity of a reflector will decrease with time as a
result of two factors: aging and the accumulation of dirt. Eventually, a
reflector will age to a degree such that the accumulation of dirt after
washing will cause its reflective intensity to be reduced to a value which is
iess tnan fhe required minimum of 45 candela/foot-candle. The reflector must

then be replaced with a new reflector.

Under the assumption that a reflector is washed several times at specified
intervals, the retlector will be replaced at the end of one of these washing
intervals. Figure 4-4 jllustrates this scenario. At time Xo, a reflector
which has been in service has just been washed and has a reflective intensity

ot Yo.‘ At time X,, the reflector is washed and its reflective intensity is

1’
increased to a value of Yl’ Y1 is less than YO because of the reduction in
retlective intensity caused by aging. At time Xn the retlective intensity has
been reduced to a value slightly greater than or equal to the minimum
acceptable value. If the reflector is merely washed at time Xn’ the

retlective intensity would fall below the minimum value before the next

washing period. Therefore, tne reflector is replaced at time Xn.
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The size of the retlector must be large enough so that at time Xn the
overall retlective intensity, which has decreased from its initial value when

it was new, is greater than or equal to 45 candela/foot-candle.

The size of the reflector, washing interval and replacement interval are
interrelated with the méteria], installation and maintenance costs.

The use of larger reflectors increases material costs, but maintenance
expense is lowered because less frequent washing is necessary to prevent
reflective intensity from talling below the required 45 cd/ft-candle. The
optimum choice of reflector size is that which balances these two effects to
attain the lowest total expense. The life-cycle cost to reflectorize a
freight car can be written in terms of three components:

Cost Material Cost

+

Installation Labor Cost

Maintenance Cost

+

A detailed description of the analysis used to define the required size,
washing interval and replacement interval while minimizing costs is presented
in Appendix C. Values for each cost element are as determined in Chapter 5.
The Canadian measurements provide information describing the deterioration of
reflectors. HMaterial specifications are used to separate the effects of aging
and dirt, based on the assumption that material deterioration due to age is

twice as rapid in the railroad environment as in highway use.

The results of the analysis described in Appendix C indicate that a

retlector area of 2-3/4 sq ft is needed to achieve the required visibility
under the expected conditions of dirt accumulation and age deterioration.

Reflectors would be wasned every z0 months and replaced at lU-year intervals.
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4.6 REFLECTOR SHAPE

For a given observation distance, it the largest dimension of a reflector
subtends an angle greater than approximately 0.3 degrees a

less-than-proportional increase in visibility is produced.12 For a

distance of 500 feet, this constraint implies that the largest dimensions of
the reflector snould not be larger than 3 feet. Reflector height of 1 foot

with a length of 2-3/4 feet (12" x 33") is recommended in order to meet the

2-3/4 tt. area requirement in a manner which facilitates mounting procedures.

4.7 SUMMARY UF REFLECTOR CHARACTERISTICS

The required reflector characteristics, based on standard photometric
theory and minimization of costs, assuming stenciling with each washing, are

summarized in Table 4-3,

TABLE 4-3. SUMMARY UF REQUIRED REFLECTUR CHARACTERISTICS

Reflector Characteristic Value

Retlector Area 2.75 sq ft

Reflector Size 12" x 33"

Reflector Mmaterial High Intensity Sheeting
Number of Reflectors per Car 4 each side, 45 to 60-ft cars
Reflector Location Sill

Reflector Color Silver/white

Minimum Brightness 45 cd/foot-candle

Washing Interval * 20 months

Repiacement Interval 10 years

leurelius, John P. and Norman Korobow, The Visibility and Audibility of
Trains Approaching Rail-Highway Grade Crossings, Washington, DC:
U.S. Uepartment ot Transportation, May 1471, p. 36.
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An overall reflective intensity of 45 cd/ft-candle is required in order to be
sufficiently visible to a motorist 500 feet from a crossing having a level and
perpendicular approach. Considerations of cost and durability indicate that
silver/white high intensity reflective sheeting is the preferred material for
freight car application. For typical headlights and operational circum-
stances, the reflective area needed to provide 45 cd/ft-cd depends primarily
on ﬁhe frequency with which the reflectors are washed. An area of 2-3/4 sq
ft, with washing and stenciling at 20-month intervals, is found to meet the
visibility reqﬁirement at the lowest cost. Four reflectors are needed on each
side of a 45 to bU foot car. The preferred shape is a 12-inch by 33-inch

strip, mounted on the side sill of the freignt car.
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5. COSTS OF REFLECTURIZATION
The costs for reflectorization of freight cars are presented in this
chapter. These :csts include: (1) material costs, (2) installation costs,

(3) maintenance costs, (4) stenciling costs.

Chapter 4 presented the conclusion from Appendix C that for the stated
assumptions the minimum cost scenario for reflectorization consists of
installing new reflectors every 10 years and washing reflectors e?ery 20
months. The results in Appendix C are based in part on cost factors developed
in the following analysis. The annual average cost of reflectorization is
computed by determining the total cost over one lU-year cycle and dividing by
10. This is a steady-state average which is realized after an initial

implementation period ot 10 years.

The information tor cost calculations was gathered from manufacturers,

railroads, the Association of American Railroads (AAR), and field observa-

tions. All costs developed in this section are given in 1981 dollars.

5.1 MATERIAL CUSTS

Analysis of reflective material requirements discussed in Chapter 4 estab-
lished a requirement for initial reflective intensity of 250 candela/foot-
candle/footz. The silver reflective sheeting ot Avery International'§
Durabrite and 3M's Scotchlite high intensity products are guaranteed by the
manufacturer to have an initial reflective intensity of 250 candela/foot-
candle/foot2 (Appendix B). The prices shown in Table 5-1 include both cutting
to size and transportation and result in an average cost of $2.62 per square

foot.
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TABLE 5-1. REFLECTIVE MATERIAL COSTS

Manufacturer Unit Price
Avery. International $2.23
3M Corp. $3.00

In addition to the direct cost of retroreflective material, railroads will
incur administrative costs associated with ordering the material. Rule 72 of

1 states that 15% should be added to the material

the AAR Interchange Rules
price to cover these costs; therefore an average cost of $3.01 per square foot

is used for this analysis.

It was recommended in Chapter 4 that the reflector should be 2.75 square
feet with a maximum spacing of 15 feet. The number of reflectors per car
depends on the length of the car. The length distribution for freight cars2
and retlective material costs for cars in each length category are given in
Table 5-2. The cost tor each car length is combined with the percentage of
cars of that length to give a weighted sum that is the average reflective

material cost per car. This weignhted sum is the following:

(.10) x ($49.67) + (.75)($66.22) + (.08)($82.78) + (.01)($99.33)

+ (.06)($115.89) = $6Y.23

lField Manual of the Interchange Rules Washington, DC: Association of
American Railroads, 1981, p. 313.

ZNayak, P.R. and UD.W. Parker, Issues and Dimensions ot Freight Car Size:
A Compendium, Washington, DC: U.S. Department of Transportation, April 1980,
pp. 3-Y.
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Thus, the average cost per car for reflective materials is $69.23.

TABLE 5-2. CAR LENGTH DISTRIBUTIUN AND REFLECTIVE MATERIAL COSTS PER CAR

Material
Car Length Percent Number of Requirements Cost
Tt of Fleet Reflectors Sq. ft Per Car
Less than 45' 10% 6 16.5 $49.67
45 - 60" 75% 8 22.0 $66.22
60 - 75' 8% 10 ' 27.5 $82.78
75 - 90! 1% 12 33.0 $Y9.33
Over 90' 6% 14 38.5 $115.89
Average 8.36 23.0 $69.23

A material cost of $69.23 per car results in a total cost for refiective

material for the 1,710,000 freight cars in the U.S. f]eet3 of $118.4 million.

The analysis in Appendix C utilized indicated that 10Ayears is the optimal
practical reflector replacement period; for this scenario 1/10th of the fleet,
171,000 cars, will have reflectors replaced each year. The annual reflective
material cost for these cars is (171,000 cars) x ($69.23) = $11.8 million.

The annual material requirement is 3.93 million square feet.

5.2 INSTALLATION COSTS

Normal application of retlective sheeting involves cleaning the surface,
peeling oft a protective backing and applying the reflector with a plastic
squeegee or a rubber roller. The Canadian Transport Commission indicates that

20 to 30 minutes are required to apply eight 4" by 4" reflectors to a car, or

SYearbook of Railroad Facts - 1481 Edition (Washington, DC: Association of
American Raiiroads), p. 49.
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2.5 to 3.75 minutes per reflector. Experience with applying 6" x 12" reflec-
tors on Boston and Maine Railroad (B&M) freight cars resulted in an average
installation time of 3.75 minutes per reflector. Tests showed that the average
time for installing a 6" x 30" reflector to be 5 minutes per reflector. Extra-

polation of these results shows that reflectors having an area of 2.75 square
teet would require 8 minutes to install (see Appendix C). Assuming that the

time required to clean the surface may vary, a range from 6 minutes to 10

minutes per reflector is used in this analysis. Total installation time

required for each car length is given in Table 5-3.

TABLE 5-3. TIME FUR REFLECTUR INSTALLATIUN ON FREIGHT CARS

Number of Average Time Time Time

Car Lengthn Reflectors Per Reflector Per Car Range
(feet) (minutes) (minutes) (minutes)
Less than 45' 6 8 48 36 - 60
45 - 60' 8 8 64 48 - 80
60 - 75' 10 8 80 60 - 100
75 - 90 12 8 96 72 - 120
Uver 90' 14 8 112 84 - 140

Using the car length distribution given in Table 5-2, the average time per car

for installation of reflectors is calculated by a weighted sum as follows:

(.10)(48) + (.75)(64) + (.08)(80) + (.01)(96) + (.06)(112)

= 6b6.Y mins per car.

This is equivalent to 1.11 nhours per car. Since there are 1.71 million
freight cars, this represents a total of (1.11)x(1.71) = 1.9 million hours of
labor. Similarly, using the range from 6 to 10 minutes per reflector, the

total numbers of labor hours would range from 1.4 to 2.4 million.
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For the 10-year replacement cycle, in which 1/10 of the total number of
freight cars will require new reflectors each year, the annual number of labor
hours required for installation would be 190,000 labor hours, with a range

from 140,000 to 240,000 labor hours.

Labor charges for installing reflectors on freight cars are covered under

the AAR's job category 4450 which has an interchange labor rate of $39.28 per

hour. According to AAR Interchange Rule 111,4 this labor rate includes the

following:

- MWages of foreman, assistant foreman, gang foreman, inspectors, clerks,
messengers, watchmen, janitors, laborers, etc., working in connection
with car repairs.

- Proportion of salaries and expenses of Chief Mechanical Officers and
their office and supervisory forces, regional supervisory and account-
ing forces.

- Proportion of expense of operating power plants, power purchased, shop

switching, wages of operators, and direct operators of crane and
tractors, tool room attendants, machinery oilers, and other facility

operators, tools, fuel, lubrication, water, other supplies, etc.

- Proportion of expense of maintenance of facilities (tracks, buildings
and machinery} and fixed charges on facilities such as interest, taxes,
depreciation and insurance on land, track, buildings and machinery.

- Workman's compensation, carriers, taxing act of 1937, railroad unemploy-
ment act, supplemental pension benetits, vacations with pay, health and
welfare benefits, and hospital, medical, and surgical benefits and
group |ife insurance expenses.

Theretore, rates tor labor based on AAR Interchange Rules include all direct

and indirect costs for the installation ot reflective material on freight cars.

4Utfice Manual ot the Interchange Rules, Washington, DC: Association of
American Railroads, 1981, p. 65.

47



Since 190,000 labor-hours are required annually for installation of reflec-
tors, the total annual labor cost for installation is

($39.28) x (190,000) = $7.5 million.

Similar calculations using a minimum time requirement of 140,000 hours and
a maximum time requirement of 240,000 hours result in costs of $5.6 million

and $9.4 million, respectively.
Since the nominal labor hour requirement per car is 1.11 hours, the labor
cost per car is (1.11)($39.28) = $43.60 with a possible range of from $32.21

to $54.9Y,

The annual costs for materials and labor to install retroretlectors on

171,000 freight cars are summarized in Table 5-4.

TABLE 5-4. ANNUAL MATEKIAL AND [NSTALLATIUN COST OF REFLECTORIZATIUN

Material Range of Range ot Annual Costs for
Cost Labor Costs (millions) Installation (millions)
(millions) Min  Nominal Max Min  Nominal Max

$11.8 $5.6 $7.5 $9.4 $17.4  $19.3 $21.2

The total cost per car for material and installation labor is $69.23 + $43.60 =
$112.83 with a possible range from $101.44 to $124.22 depending on labor

requirements.
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5.3 MAINTENANCE CUSTS

Tests conducted with high intensity material mounted on B&M sand and
gravel cars indicate that a washing time of 1 minute per reflector is suffi-
cient to remove dirt. The actual labor time required per car, however, is
assumed to be twice this figure in order to allow for the collection of mate-
rials and walking from car to car. Time required for each car length is given
in Table 5-5. The average time required for washing is given by the weighted

sum as follows:

(.10)(.20) + (.75)(.27) + (.08)(.33) + (.01)(.40) + (.06)(.47) =

.28 hours per car.

TABLE 5-5. CLEANING TIMES

Car Number of Cleaning Time
Length Reflectors Per Car (hours)
Less than 45' 6 " 0.20
45 - 60’ 8 0.27
6u - 75° 10 0.33
75 - 40' 12 0.40
Over 90' 14 ‘ 0.47
Average 0.28

The optimal maintenance policy determined in Appendix C calls for cleaning
reflectors every 20 months and replacing retflectors every 120 months (10
years). During each 20-month period, 5/6 of the reflectors would be cleaned
and 1/6 would be replaced. bThis implies a cleaning rate of 1.425 million cars
per 20 months which is equivalent to an annual rate of 855,000 cars per year.
Since the average cleaning time is 0.28 hours per car, this represents an

annual requirement of (.28) x (855,000) or 239,400 labor-hours.
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Washing time can be expected to vary. The Canadian ore car experience,
considered to be a worst case, yielded a total labor time of 3 minutes per
reﬂector.5 Tests using special teflon coated OACI labels showed a wash time
of .5 minutes per reflector, or a total labor time per reflector of 1 minute.
Repeating the above calculations using the range of 1 minute and 3 minutes per
retlector yields annual cleaning requirements of from 119,700 labor-hours to
359,100 labor-hours.

6 it was determined that 5% of

In a previous study of reflectorization,
reflectors would be found to be damaged or missing each year. This implies

an equivalent of 85,500 cars will require replacement of reflectors each year.
It was shown in Section 5.1 that the average cost to install reflectors on

cars is $112.83, which indicates an annual cost of $9.6 million to replace

defective reflectors with a range from $8.7 million to 10.6 million.

To calculate the total annual maintenance cost, the cost of replacing
defective reflectors is added to the cost of washing reflectors. Cleaning
retlectors mounted on freight cars is covered in AAR job category 4450 which
has é fully burdened labor rate of $39.28 per hour.7 Since 5% of the 855,000
cars scheduled for washing will receive new reflectors, only 812,250 will be

washed which gives an annual cleaning cost of:

bIngrao, Hector C., Uptimal Automatic Car Identification, Vol. III,
Washington, DC: U.S. Department of Transportation, June 1977, pp. 159-162.

Up. Cit., McGinnis, p. 38

7Up. Cit, Utfice Manual of the Interchange Rules, p. 97.
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(.28 hrs per car) x (812,250 cars) x ($39.28 per hour)

= $8.93 million.

Allowing for the range of time requirements, the annual cost range for clean-
ing is from $4.46 million to $13.38 million. The cost to clean a car is (.28)

x ($39.28) = $11.00 with a range from $5.50 to $16.50.

Table 5-6 summarizes annual maintenance costs and displays the possible

range in these values.

TABLE 5-6. ANNUAL MAINTENANCE COST OF REFLECTORIZATION

Cleaning Costs Cost of 5% Annual Total Maintenance Cost
(millions) Replacement (millions) (millions)
Min  Nominal Max Min  Nominal Max Min  Nominal Max
$4.5 3$8.9Y $13.4 $8.7  $9.7 $10.6 $13.2 $18.5 $24.0

5.4 STENCILING CUSTS

In addition to the costs described in Sections 5.1 and 5.2, there are
costs associated with recording the date of application and the date of clean-
ing of retlectors on freight cars. These two dates must be stenciled on
treight cars so that cars requiring reflector service can be located in yards

and appropriate action taken.

The AAR Uffice Manual ot Interchange Rules states that stenciling both
sides of a freight car carries a fully burdened rate of $28.83 per car.8 Over

a lU-year period, a freight car will be stencilled six times: when
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reflectors are first installed, and one after each of the five cleaning

periods. Thus, the total lU-year stenciling cost for a single car is 6 x
($28.83) = $172.98, or an annual average of $17.30 per car. Since there are
1.71 million freight cars, the total annual cost for stenciling is (1.71) x

($17.30) = $29.58 million.

5.5 TUTAL REFLECTURIZATIUN COSTS

Within the assumptions previously indicated, the reflectorization of
freight cars will have an estimated total annual cost of $67.4 million for a

replacement-wash policy that incorporates a lU-year replacement period and a

20-month wash cycle. If the minimum and maximum time requirements for
installing and washing reflectors are incorporated into the total annual cost,

a range from $61.1 million to $73.8 million results as shown in Table 5-7.

TABLE 5-7. ANNUAL REFLECTORIZATION COST

Cost Component Annual Cost (millions)
Min Nominal Max
High Intensity Material $11.8  $11.8 $11.8
Installation Labor $5.6 $7.5 $9.4
Cleaning Labor $4.5 $8.9 $13.4
Replacement Cost $8.7 $9.6 $10.6
Stenciling $29.6 $29.6 $29.6
TOTAL ANNUAL COST $61.1 $67.4 $74.8

HUp. Cit., Uftice Manual of the Interchange Rules, p. 104.
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©. ANALYSIS OF RAIL-HIGHWAY CROSSING ACCIDENTS

6.1 TOTAL VEHICLE-RAN-INTO-TRAIN ACCIDENTS UNDER CONDITIONS OF DARKNESS,
DAWN OR DUSK

The basic subset of accidénts and casualties potentia]ly affected by
freight car reflectorization consists of all collisions in which the motor
vehicle runs into the train under conditions of darkness, dawn, or dusk. For
convenience these will be referred to as "RIT" (ran-into-train) accidents.
Table 6-1 shows the annual number of these accidents and associated casualties

for the period from 1975 to 1980.

TABLE 6-1. ANNUAL NUMBER UF ACCIDENTS, INJURIES, AND FATALITIES FOR MOTOR
VEHICLES STRIKING TRAINS UNDER CONDITIONS OF DAWN, DUSK,
UR DARKNESS, 1975-1480

Year Accidents Injuries Fatalities

1975 1766 790 121
1976 1835 810 81
1977 1861 781 95
1978 1963 799 140
197y 1883 818 117
198V 1641 765 106

The accidents which make up Table 6-1 were 14.6 percent of all accidents
occurring at railroad-highway crossings from 1975 to 1980, and caused 19.0
percent ot the injuries and 11.2 percent of the fatalities. However, not all
ot these accidents could have been affected by freight car reflectorization.
The RAIRS data base can be used to eliminate from consideration those
accidents and casualities which would not have been affected by
reflectorization: (1) accidents occurring at crossings with active warning

devices, (2) accidents in which the locomotive is struck, rather than a
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freight car, (3) accidents in which the train is not a freight train, and (4)

accidents under inclement weather conditions which would prevent reflectors

from beinj ¢f value.

\

6.2 ACCIDENTS AT CRUSSINGS WITH ACTIVE WARNING DEVICES

Crossings equipped with active warnings (usua]]y~train-activated flashing
lights alone or flashing lights with automatic gates) would be expected to
have few accidents arising‘solely from visibility problems of the type |
potentially affected by freight car reflectorization. In this analysis it is
assumed that only accidents occurring at crossings with passive warnings are
relevant to reflectorization. Table 6-2 shows the result of excluding from
Table 6-1 all accidents and casualties for crossings with active motorist

warnings.

TABLE 6-2. ANNUAL NUMBER UF ACCIDENTS, INJURIES, AND FATALITIES FOR MOTOR
VEHICLES STRIKING TRAINS UNDER CONDITIONS OF DAWN, DUSK, OR
DARKNESS AT CRUSSINGS WITH PASSIVE WARNING DEVICES, 1975 - 1980

Year Accidents Injuries Fatalities
1975 1013 415 79
1976 981 449 ' 53
1977 1028 43Y 55
1978 1077 448 65
1979 1006 454 66
1980 807 365 52

6.3 VEHICLE-STRIKES-LOCUMOTIVE ACCIDENTS
From 1975 to 1980, sixty percent of venicle-ran-into-train accidents occur-

ring in darkness, dusk or dawn were collisions with locomotives, and would not

have been affected by freight car reflectorization. When crossing collisions
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in which locomotives are struck are eliminated from those enumerated in Table

6-2, the accidents, injuries and fatalities for 1975 through 1980 are as shown

in Table 6-3

TABLE 6-3.

ANNUAL NUMBER OF ACCIDENTS, INJURIES, AND FATALITIES FOR MOTOR

VEHICLES STRIKING TRAINS TO THE REAR OF THE LOCOMOTIVES UNDER
CONDITIUNS UF DAWN, DUSK, OR DARKNESS AT CRUSSINGS WITH PASSIVE

WARNING DEVICES, 1975-1980

Fatalities

Year Accidents Injuries

1975 391 178 54
1976 370 184 24
1977 405 197 24
1978 444 198 32
1979 451 240 40
1980 355 171 30

6.4 TYPE OF TRAIN

Freignt car reflectorization i1s also not relevant to collisions involving

passenger trains and work trains which normally do not include freight cars.

Table 6-4 shows the number of accidents, injuries and fatalities in which a

treight train was struck to the rear of the locomotive consist in conditions

of darkness,

dawn or dusk.
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TABLE 6-4. ANNUAL NUMBER OF ACCIDENTS, INJURIES, AND FATALITIES FOR MOTOR
VEHICLES STRIKING FREIGHT CARS UNDER CONDITIONS OF DAWN, DUSK, OR
DARKNESS AT CROSSINGS WITH PASSIVE WARNING DEVICES, 1975-1980

Year . Accidents Injuries Fatalities
1975 376 170 54
1976 366 181 24
1977 399 194 24
1978 431 195 32
197y 437 230 40
1980 349 168 29

6.5 WEATHER CUNDITIONS

Additional RIT accidents are not relevant to freight car reflectorization
because of weather conditions at the time of the accident. Snow and fog
generally interfere greatly with visibility. The brightness of the headlight
illumination retlected back from snow or fog makes reflectors much less
conspicuous. In addition, headlight intensity and reflected light returned
from the reflector are strongly scattered and attenuated by.fég and snow,
thereby reducing the visibility of the reflectors still further. Thus,
accidents occuring under conditions of snow and fog are not included among

those potentially affected by reflectorization. The result of eliminating

snow and fog accidents from Table 6-4 is shown in Table 6-5.
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TABLE 6-5. ANNUAL NUMBER OF ACCIDENTS, INJURIES, AND FATALITIES FOR MOTOR
VEHICLES STRIKING FREIGHT CARS UNDER CONDITIONS OF DAWN, DUSK,
UR DARKNESS AT CROSSINGS WITH PASSIVE WARNING DEVICES, EXCLUDING
ACCIDENTS OCCURRING IN SNUW OR FUG, 1975-1980

Year Accidents Injuries Fatalities
1975 334 143 51
1976 336 167 23
1977 353 171 23
1978 365 160 26
1979 369 199 25
1980 306 147 24

6.6 OTHER FACTURS AFFECTING THE SAFETY EFFECTIVENESS OF FREIGHT CAR
REFLECTORIZATION

The accidents and casualties identified in Table 6-5 provide an upper
1imit on the number of collisions which potentially could have been affected
by freight car reflectorization. However, some of these accidents are likely
to have resulted from causes unrelated to the visibility of the freight cars.
Even among the accidents which were related to visibility, some may have
involved specific circumstances (other than those already considered) such
that freight car reflectorization would not have helped. Factors of this
nature are discussed below. However, data sufficient to permit rigorous and

precise quantitative characterization of these aspects are not available.

6.6.1 Accidents Not Affected by Freight Car Visibility

The fact that some venicles run into trains at positions far from the
front of the train even in daylight conditions and at crossings with automatic

gates, indicates tnat RIT accidents can sometimes happen tor reasons unrelated

to visibility. Driver intoxication, fatigue, inattention, or other incapacita-

tion often associated with nighway accidents in general, explain some crossing
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accidents. Such factors are particularly 11Lely to be related to accidents at
night. In addition, some of the accidents in which vehicles strike one of the
first few freight cars are cases in which the vehicle is too close to the
crossing to stop safely at the time the first freight car enters the crossing
and is illuminated by the vehicle headlights. These accidents cannot be

affected by improvement of freight car visibility through reflectorization.

6.6.2 Factors Limiting the Degree to Which Reflectorization Can Improve
Freight Car Visibility

Even for crossing accidents which could in principal be beneficially
affected by better visibility of freight cars in darkness, there are several
factors which limit the degree to which reflectorization can be effective in
achieving sufficient improvement in visibility. These include (1) excessive
reflector degradation, (2) incomplete reflectorization of the fleet, (3) the

geometry of the rail-highway intersection, and (4) headlight aim and condition.

(1) Excessive Reflector Degradation. Some freight car reflectors, due to

exposure to particularly severe conditions, will become substantially dirtier
than average or will age more rapidly than expected. Others may be damaged
through vandalism. In some cases these factors can reduce reflectivity to
such a degree that the visibility improvement and the associated safety

effectiveness are seriously diminished.

(2) Cars Not Equipped With Reflectors. Even with a commitment to install

reflectors, practical impediments can be expected to prevent implementation
from reaching 100%. This was demonstrated by the industry's experience with
labels for optical automatic car identification where a major effort over

several years was unable to achieve complete labeling.
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(3) Roadway And Track Geometric Factors. The angle at which the roadway

crosses the track is often considerably less than 90 degrees. For example,
the angle is less than 60 degrees at approximately 30 percent of all
crossings.1 Due to the strong dependence of refliective intensity on incidence
angle, the light retlected will be seriously diminished in these situations.
In other cases, the road may turn near the crossing, so that freight car
reflectors will not be made visible by illumination from vehicle headlights
until the vehicle is quite near the tracks. Variations in vertical level of
road and tracks can also have a marked detrimental effect, since motor vehicle
headlights focus most of their light below the horizontal plane. If
topographic or geometric factors cause the lights to be aimed below the

freight car, the reflected brightness may be very small.

(4) Headlight Aim and Condition. A small misalignment of motor vehicle

headlights in the vertical plane will sharply reauce the light incident on the

reflector, with a commensurate decrease in reflected intensity. Also, some
vehicles can be expected to have accumulated dirt on the headlights to a

degree which reduces headlight efficiency below 85% assumed in the analysis in

Chapter 4.

1Rai1-Highway Crossing Accident/Incident and Inventory Bulletin, No. 3,
Calendar Year 1980, Washington, DC: U.S. Department of Transportation, June
1981, p 6Y.
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7.0 ALTERNATIVES TO FREIGHT CAR REFLECTORIZATION

There exist alternative approaches to achieve the objective of reduced
rail-highway crossing accidents in which the vehicle strikes the train under
conditions of dawn, dusk or darkness. Five such alternatives are discussed
below:

1. Train-activated motorist warnings devies.

2. Locomotive reflectorization as specified for freight cars.

3. Extensive reflectorization of locomotives

4. 1Installation of alerting lights on Tocomotives.

5. Illumination of crossings

7.1 TRAIN-ACTIVATED WARNINGS

Train-activated motorist warning systems differ from the other alterna-
tives identified in this section in that they are beneficial in reducing all
types of crossing accidents, not only those in which the vehicle runs into the
train in dusk, dawn or darkness. In the absence of quantitative data on this
subject, it is assumed that the effectiveness of train-activated warnings
against the dark-RIT accidents is the same as for other classes of accidents,

1

approximately 65% to 90% accident reduction.” However, considerations of cost-

effectiveness 1imit the number of crossings at which active warning devices
can be used. Thus, this alternative is not applicable to a large number of

low-traffic-density crossings.

1Morrissey, J., The Effectiveness of Flashing Lights and Flashing Lights with
Gates in Reducing Accident Frequency at Public Rail-Highway Crossings
1975-1978, (Washington, DC: U.S. Department of Transportation, April 1980),

p. 9.
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7.2 LOCOMOTIVE REFLECTORIZATION

Most crossing accidents involve motor vehicles colliding with locomotives
or with freight cars located immediately behind the locomotives.
Approximately 60% of the dark, dawn and dusk RIT accidents involve vehicles
running into the locomotive. However, locomotive reflectorization would
affect only a portion of those accidents. Accidents in which the motorist is
already too close to the crossing to stop at the time the locomotive enters
the foadway will not be prevented. A1l of the unquantifiable limitations on
thé safety effectiveness of freight car reflectorization discussed in Section
6 also apply to Tocomotive reflectorization. Two categories of locomotive
reflectorization are considered:

1. Limited locomotive reflectorization, identical to that previously

discussed for freight cars.

2. Extensive locomotive reflectorization.

7.2.1 Limited Locomotive Reflectorization

The simplest case of locomotive reflectorization is that in which the
locomotive is treated as described earlier for freight cars: application of
four strips of high intensity reflective sheeting to each side of the 1ocomo-

tive.

The costs for this type of locomotive reflectorization would be less than

that for freight car reflectorization. There are only 28,483 locomotives in

2

the U.S. fleet, as compared to 1.7 million freight cars.“ Since locomotives

receive scheduled maintenance at intervals no greater than one year,

2Yearbook of Railroad Facts - 1981 Edition, Washington, DC: Association of
American Railroads, 1981, pp 48-49.
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reflectors could be washed more frequently and the requirement for stencilling
at the time of washing might not be necessary. This would significantly
reduce the cost of reflector maintenance. Also, since more frequent washing
would permit use of a smaller reflector, material costs per locomotive could

be less than that per freight car.

7.2.2 Extensive Locomotive Reflectorization

Extensive reflectorization would mean the application of a 5 to 10 times
as large an area of reflective sheeting than would be applied in the limited
case. An example of extensive reflectorization is the use of a 6- to 12-inch
reflectorized strip running the length of the locomotive. This would require

approximately 50 to 100 square feet of material per locomotive.

The primary advantage of extensive rather than limited reflectorization is
the increased 1ikelihood that the locomotive will be seen before entering the
roadway so that there will be some reduction of accidents in which the train
strikes the vehicle and in which the train does not enter the roadway until
the vehicle is too close to sﬁop. This could substantially increase the poten-
tial safety benefits. Extensive reflectorization is also less vulnerable than
Timited reflectorization with respect to poor headlight aim, disadvantageous
crossing geometry, and excessive dirt buildup. On the other hand, the mate-
rial and labor costs of installation would be significantly greater than for

limited locomotive reflectorization.
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7.3 LOCOMOTIVE ALERTING LIGHTS

Many railroads have equipped some or all of their locomotives with
alerting lights to make them more conspicuous. The flashing or rotating
alerting lights are intended to attract motorists' attention before a
Tocomotive enters a roadway and before it leaves. Railroads hope this safety
program will reduce the number of struck-by-train accidents, as well as

accidents in which railroad cars immediately behind the locomotive are struck.

7.4 CROSSING ILLUMINATION

I1lumination of crossings by special lighting has long been used as a
preventive measure for nighttime accidents. Crossing illumination, when
effectively ‘implemented, increases visibility for rolling stock about to enter
a crossing, as well as for trains already occupying a crossing. Also,
illumination can increase awareness of the presence of a crossing. Thus,
there are significant safety benefits for accidents involving vehicles struck
by a train as well as for those striking a train. The benefits are obtained
for all types of trains, including work trains and passenger trains, and 1in
almost all weather conditions. The only constraint on overall effectivness of
crossing illumination is the possibility that road topography may prevent
direct observation of the crossing and a train until it is too late for a

motorist to stop.
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APPENDIX A
MEASUREMENT OF REFLECTIVITY OF REFLECTORS ON CANADIAN FREIGHT CARS

Measurements of the reflectivity of reflectors on 208 Canadian freight
cars were taken jointly by the Transportation Systems Center (TSC) and the
Canadian Transport Commission (CTC) at Canadiaq.National Railway and Canadian
Pacific Railway yards in Montreal, Quebec, Canada, during the week of October
19, 1981. Of the 208 freight cars, 140 were box cars, 19 were covered
hoppers, 13 were flat cars, 11 were gondolas, 8 were tank cars, 4 were

refrigerator cars, 11 were cabooses and 2 were work cars.
The following data were collected from each of the 208 cars examined:

a) Owner of car

b) Car number

c) Date car built or rebuilt

d) Measurement of reflectivity

e) Reflectivity measurement after washing for 24 cars
f) Type of car

g) Yard where measurement was made.

Table A-1 contains the reflectivity measurements for the 208 freight
cars. The table contains the average of the measurements made on the
reflectors on each car, and, in parentheses, the lowest reflector reflectivity
measured on the car and the highest reflector reflectivity measured on the
car. The units of each measurement are candela per foot-candle per footz.

The data are listed by the date the car was built or rebuilt which is
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stenciled on the side of the car. This date is assumed to be the date the

reflectors were installed on the car. The data are also listed by type of

care.
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TABLE A-1.

REFLECTIVE INTENSITY MEASUREMENTS FOR REFLECTORS ON FREILGHT CARS:

REFLECTIVE INTENSITY FOR CAR* CANDELA/FOOT-CANDLE/FOOT®
DATE CAR ‘
ggggiLgR COVERED REFRIG- .
BOX HOPPER FLAT GONDOLA TANK ERATOR CABOOSE | WORK
8-81 23(21,26)
7-81 29(2,44)
6-81 32(28,36); 39(33,50) | 14(12,15) 31(29,32)
32(28,36)
5-81 32(25,42); 18 (14,22) | 27(25,27) 41(35,48)
29(15,42)
4-81 15(6,22) 33(22,42) 46(40, 50)
20(15,27)
3-81 26(22,32) 5(3,7)
2-81 35(26, 52) 18(6,27)
1-81 29(26,36); 48(38,57) 21(18,24) 2(2,2)
13(8, 24)
12-80 4(3,9) 18(16,20)
11-80 10(7,17)
10-80 12(9,15) 37(19, 50)
9-80 15(24,5); 2(2,2)
8-80 3(3,3); 25(21,31) 16(14,22)

*Measurement listed for each car is: average of reflectors measured on car (lowest reflector measured,
highest reflector measured).
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TABLE A-1, REFLECTIVE INTENSITY MEASUREMENTS FOR REFLECTORS ON FREIGHT CARS (CONTINUED)

89

'REFLECTIVE INTENSITY FOR CAR* CANDELA/FOOT~-CANDLE/FOOT>
DATE CAR .
ggigngR COVERED REFRIG-
BOX HOPPER FLAT GONDOLA TANK ERATOR CABOOSE | WORK
7-80 16(15,19)
6-80 12(9,15) 70(68,75) | 2(2,2)
5-80 2(2,3); 11(8,16) 20(15,23) 6(4,9)
17(15,20) 20(14,24)
4-80 2(2,3)
3-80 12(6,15); 2(2,3) 10(10,11)
2-80 6(4,8); 9(4,16) 53(41,63);
9(6,10); 12(4,18) 4(3,5)
3(3,3)
1-80 19(14,25); 7(6,7)
10 (8,14); 4(3,5)
12-79 ‘ 35(27,42)
11-79 2(2,2); 2(2,2) 36(20,47)
10-79 8(7,10); 8(6,12);
7(5,9); 6(5,7)
9-79 2(2,2) 2(2,2)

*Measurements listed for each car is: average of reflectors measured on car (lowest reflector measured,
liighest reflector measured).
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TABLE A-1.  REFLECTIVE INTENSITY MEASUREMENTS FOR REFLECTORS ON FREIGHT CARS (CONTINUED)
REFLECTIVE, INTENSITY FOR CAR® CANDELA/FOOT-CANDLE/FOOT>
DATE CAR .
gg;gngR COVERED REFRIG-
BOX HOPPER FLAT GONDOLA TANK ERATOR CABOOSE | WORK
8-79 2(2,2); 2(2,2); 5(2,7) 15(10,21)
10(8,11); 2(2,2)
5(5,9)
7-79 6(4,8); 3(3,3)
5-79 5(5,7); 8(7,11)
3(3,3)
3-79 6(5,8); 4(3,5); 7(7,9) 9(3,18)
2-79 5(3,6); 2(2,3) 16(11,20)
1-79 5(4,5); 5(4,6) 5(4,8)
12-78 5(3,7); 10(8,12)
11-78 8(2,15); 7(7,9); 2(2,2)
3(3,3)
10-78 2(2,4); 2(2,4)
4(3,4)
9-78 4(3,6); 5(4,6); '7(3,9) 6(3,11)

2(2,3); 2(2,2)

*Measurement listed for each car is:

average of reflectors measured on car (lowest
reflector measured, highest reflector measured).
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TABLE A-1,

REFLECTIVE INTENSITY MEASUREMENTS FOR REFLECTORS ON FREIGHT CARS (CONTINUED)

REFLECTIVE INTENSITY FOR CAR* CANDELA/FOOT-CANDLE/FOOT
DATE CAR :
gg;;ngR COVERED REFRIG-
BOX HOPPER FLAT GONDOLA TANK ERATOR CABOOSE | WORK

8-78 5(1,9); 8(5,14)
6-78 18(5,9); 2(2,2); 12(10,14)

7(5,12)
5-78 2(2,2); 7(6,8)

3(3,3)
4-78 2(2,2) 15(3,31)
3-78 2(2,2); 4(3,4)

2(2,2)
2-78 3(3,4); 3(2,5)
1-78 2(2,2); 2(2,2); 4(3,6)

4(3,4)
1977 2(2,3); 2(2,2); 2(2,3) 3(3,4)

2(2,2); 2(2,2);

4(4,5); 2(2,3);

2(2,2); 2(2,2);

2(2,2); 2(2,2)
1976 2(2,2); 3(3,4); 7(6,10) 2(2,3); 2(2,2)

2(2,2); 2(2,2); 5(4,6);

4(4.5): 2(2.2); 3(2,4)

|

*Measurement listed for each car is:

highest reflector measured).

average of reflectors measured on car (lowest reflector measured,
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TABLE A-1. REFLECTIVE INTENSITY MEASUREMENTS FOR REFLECTORS ON FREIGHT CARS (CONTINUED)
REFLECTIVE INTENSITY FOR CARY CANDELA/FOOT—CANDLE/FOOTZ
DATE CAR ‘ :
gg§§¥L$R COVERED REFRIG- A
BOX HOPPER FLAT GONDOLA TANK ERATOR CABOOSE WORK
1976 2(2,2); 3(2,4);
(cont) 2(2,2); 2(2,2);
2(2,2); 2(2,2);
1975 2(2,2); 2(2,2); 3(2,4)
2(2,2); 2(2,2)
1974 2(2,2); 2(2,2); 3(3,3);
2(2,2); 2(2,2) 2(2,2)
1973 2(2,2) 2(2,2) 2(2,3)
1972 2(2,2) 3(3,3) 2(2,2)
1971 2(2,2) 3(2,7)
1970 2(2,2);
2(2,2);
2(2,2);
3(3,3)
1969 2(2,2); 2(2,2)
2(2,4); 2(2,2)
2(2,2); 3(3,3);
2(2,5); 3(3,3); 3(3,4)
1968 4(2,10);
2(2,3);
4(3,5)

*Measurement listed for each car is:

highest reflector measured).

average of reflectors measured on car (lowest reflector measured,




TABLE A-1. REFLECTIVE INTENSITY MEASUREMENTS FOR REFLECTORS ON FREIGHT CARS (CONTINUED)

ZL

REFLECTIVE INTENSITY FOR CAR® CANDELA/FOOT-CANDLE/FOOT2
DATE CAR :
gg;ﬁ?LgR COVERED REFRIG-
BOX HOPPER FLAT GONDOLA TANK ERATOR CABOOSE WORK
1967 2(2,2); 2(2,3);
3(3,3); 2(2,2);
2(2,2)
1966 2(2,2); 2(2,2) 3(3,4);
2(2,3);
4(3,8)
1965 2(2,2) 2(2,2) 4(2,5)
1961 2(2,4); 2(2,2)
1960 2(2,2); 2(2,2)

*Measurement listed for each car is: average of reflectors measured on car (lowest reflector
measured, highest reflector measured).




APPENDIX B

RETROREFLECTIVE PRODUCTS

Information, characteristics, and prices of retroreflective products have
been supplied by Advanced Vacuum Systems (Info, Inc.), Avery International,

and the 3-M Corporatiom.

73



pduck

TRAFFIC CONTROL MATERIALS DIVISION

DATE: AUGUST 1. 1976

BARRICADE SHEETING FABRICATED FROM

“SCOTCHLITE” BRAND RETRO-REFLECTIVE SHEETING
HIGH INTENSITY GRADE, 5870 SILVER

l.  GENERAL

This Product Bulletin describes the physical and opti-
cal properties of Barricade Sheeting fabricated from
“SCOTCHLITE"” Brand Reflective Sheeting High
Intensity Grade, 5870 Silver. it is designed to reflec-
torize warning and safety devices used at construction
or maintenance worksites.

Specific information on fabrication, maintenance,
effective performance life, and other supportive data
is found in the literature reference in Section V.

1i.  DESCRIPTION

The Barricade Sheeting consists of “SCOTCHLITE"”
Brand Reflective Sheeting, 5870 Silver, with alterna-
tive six inch orange and silver (white) colored stripes
that slope downward at an angle of 45° in the direc-
tion traffic is to pass. The alternating silver and orange
stripes are similar in color when viewed in the day-
light or as a retro-reflector under headlight illumi-
nation.

The design is in conformance with the design criteria
for barricades in -Section 6, C-2 of the Manual on
Uniform Traffic Control Devices (MUTCD). The
orange day colors conform visually with the appro-
priate Color Tolerance Chart issued by the Federal
Highway Administration.

The entire area of silver (white) and orange is reflec-
torized so as to be visible under normal atmospheric
conditions from a minimum distance of 1000 feet
{304.8m) when illuminated by the legal low beams of
standard automobile headlights.

Barricade Sheeting fabricated from “SCOTCHLITE”
Brand Reflective Sheeting High Intensity Grade, 5870
Silver is available in 4", 8, 8", and 12" widths by
10 foot lengths (10.2 cm, 15.2 cm, 20.3 cm, and

74

30.4 cm by 3.05 m). The barricade sheeting with the
right hand slope is coded HTBR-1R while the barri-
cade with the left hand slope is coded HTBR-1L.
Order must specify slope or code number.

lIl. PROPERTIES

This type Barricade sheeting is commonly used on
Type |, Type I, or Type 11l barricades as described
in the Manual on Uniform Traffic Control Devices,
Section 6C, and may be used on marker panels.

A. Adhesive

5870 Sheeting barricade material has an aggres-
sive pressure sensitive adhesive particularly suited
for hand application at temperatures as low as
-10°F (-23°C) and for application to moderately
rough or porous, properly painted wood, metal,
and plastic surfaces. :

The adhesive will support a one (1) pound
(0.45 Kg) weight, hung downward at 90° from
the free end of a 1" x 6” {(2.54 cm x 15.24 cm)
strip. Four {4) inches (10.1 cm) of the strip is
applied to a properly prepared, smooth alumi-
num surface and conditioned for 24 hours at
standard conditions® after which the strip will
not peel back more than 2 inches (5.0 cm) during
the 5 minute test period.

B. Photometric

The brightness values of Barricade Sheeting_ -
fabricated from “SCOTCHLITE" Brand Sheeting
5870 Silver, 0.2° and 0.5° observation angies** -
are expressed in average candlepower per foot
candle per square foot (candelas per lux per
square meter) at -4° and 30° entrance* angles
in accordance with- the testing procedure for
reflective sheeting found in the Federal Highway

® Uniess otherwise specified 73, 4° 2°F (23° +1 1°C) and 50 +4%R.H.

** Observation Angle. The acute angle formed by fines drawn between the light source, a point on the reflector and a pomt on the receiver.

¢ Cmrvanca B nnta
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Administration Specification FP-74, Section
718.01(a). Measurements must be made with
the entrance and observation angles in the same
plane.

Silver Orange
Observation Angle 0.2° 0.5° 0.2° 0.5°
Entrance Angle
4° 250.0 85.0 70.0 25.0
30° 1400 550 40.0 150

P——

The barricade sheeting ;Nill show no appreciable
loss in brightness when viewed at night with
water (rain} totally wetting its surface.

C. Application

High Intensity Grade, Barricade Sheeting fabri-
cated from “SCOTCHLITE’ Brand Reflective
Sheeting 5870 Silver is applied by hand using a
plastic squeegee or a two (2) inch (5 cm) rubber
roller.

Depending on application and exposure condi-
tions, properly applied 5870 sheeting may
wrinkle slightly. Cold, hand applications tend to
wrinkle more than machine applications that use
heat. The condition may occur immediately or
during exterior exposure. Such wrinkling is not
progressive and should not adversely affect the
nerformance of the sheeting for its intended use.

For further information on substrate preparation
and application procedures, refer to the informa-
tion in the literature listed in Section V.

The smooth surface of the Barricade Sheeting
may be cleaned by rinsing first, then washing the
surface with a mild detergent, followed by a
final rinse. STEAM CLEANING IS NOT
RECOMMENDED. Use cleaning materials that
will not abrade the surface. To remove oil, or
road film wipe the sheeting with a cloth damp-
ened in heptane or mineral spirits, then rewash
and rinse with clean water.

Iv.
Application

Maintenance

D. Effective Performance Life

The Effective Performance Life of Barricade
Sheeting fabricated from 5870 sheeting will
depend on the surface to which it is applied, the(" \
preparation of the surface prior to application, .
compliance with recommended application pro-
cedures, and exposure conditions and main-
tenance.

Applications to unpainted, or excessively rough
or non-weather resistant surfaces or exposure to
severe or unusual conditions may shorten the
effective performance life. The user should be
satisfied that such application is adequate for
the intended use.

Application of this type Barricade Sheeting to
surfaces exposed in otber than vertical positions,
such as the sides or backs of tank trucks, decks
or roofs of vehicles will result in reduced effec-
tive performance life. '

Properly applied applications made to recom-
mended plastic substrates will have an effective
performance life of up to two years. 5870
sheeting applied to sign base materials according
to recommendations for traffic contro! signs will
give effective performance for up to three years.
LITERATURE REFERENCE

LM-1F50
LM-1F40

Cutting and Matching Instructions
Sign Base Materials

Storage Maintenance and Removal
Instructions

Sign Fabrication and Maintenance
Manual

Cleaners, Strippers, and Maintenance
Equipment for Reflective Sheeting LM-1F151

Federal Specification, Section 633;

{LM-1F150
SMAINT

Traffic Control Signs, Section FP-74
718.01(a), Testing Procedures (FHWA)
Sign Shop Practices Manual LM-SSPM
G1J 192 (1.6.0)

TERMS AND CONDITIONS OF SALE
The following is made in lieu of all warranties, express or implied:

Seller’s and manufacturer’s only obligation shall be to replace such quantity of the product proved to be
defective. Neither seller nor manufacturer shall be liable for any injury, loss or damage, direct or consequential,
arising out of the use of or the inability to use the product. Before using, user shall determine the suitability
of the product for his intended use, and user assumes all risk and liability whatsoever in connection therewith.

Statements or recommendations not contained herein shall have no force or effect unless in an agreement
signed by the officers of seller and manufacturer.
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“=.. Avery Internationa!

December 2, 1981 Reflective Products

250 Chester Street
Painesvilie, Ohio 44077
Pnone 216/352-4444

Massachusetts Dept. of Transportation

TSC-DTS T32

Kendall Sgquare

Cambridge, Massachusetts p21k2

Attn: Jim Pomfret
Dear Jim:

As a follow-up to our conversation yesterday, 1 ar enclosing some
1982 costs on our Durabritel High-Intensity reflective product. The
price list attached is the typical pricing on the market. For large
volume, and this would be in the nature of 25,000/sf and over, the
price on colers would drop to $2.14&/sf; colors include white.

In the matter of furnishing 6 x 18" niecec, if they wsre sguarse
cut we would be looking at an upcharge of $.05 per sauare feot. If
on the other hand, we were talking about diz-cut pieces that hzd round-
ed corners, and this 1 think iz rreferable for long-.zim sdhesicn, th2
price increase would be in the nature of £.08 or £.09 per sjuere foot.

in the matter of the tefleon overlay; as I merticned, our company
does not currently make a rressure-sensitive construction of this nature.
KEowever, in the volume that we are talking about we would certainly en-
tertain the idea of providing such a protective sheet with an appropriate
long life acrylic pressure-sensitive clear adhesive. On this construction
at this time I can only give you a ballpark figure. The product: & 2 mil
teflon with the long life acrylic adhesive would be in the nature of $.85
to $.95 per square foot. Should the project move along, I would, of
course, be more than happy to arrange for latb samples and the like to demon-
strate the eéffectiveness of the teflon coat.

One other thought comes to mind in that teflon is offered by several
companies in & liquid container ususally & spray container that might be
appropriate to apply once the reflective is installed on the car. This
vould serve the purpose of dirt prevention and alsc edge sealing at the
same time.

I certainly want to thank you for your continued interest in our
product and apologize for the delay that we have caused.

Cordially,
,;) .
FARNC
xobery M. Jackett
Nation=l S:les Munap r
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Advanced Vacuum Systems 30 Faulkner Street, Ayer, Massachuseftts 01432 {(617) 772-0712 Boston {617) 893-3476

Mr. James C.' Pomfret

U.S. Department of Transportation
Research & Special Programs Admin.
Kendall Square

Cambridge, MA 02142

Dear Mr. Pomfret:

costs.

purposes.

Yours truly,

oo N

ra PR A , .v_
Norman R. Buck
President

NRE:gb

Encl: Samples
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Designers and manufacturers of industrial process high vacuum equipment

29 October 1981

In response to your inquiry I have done some further analysis of

In large quantity production I estimate that we could supply re-
troreflective material of a grade equivalent to that used on the ACI
program with a teflon coating for about $3/square foot.

Enclosed are samples of teflon coated material for your test. We
would be pleased to provide up to 50 square feet of material at no
charge and larger quantities at $5.00 per square foot for evaluation

If I can be of further assistance, please let me know.

N



Y Avery International

October 27, 1981 Refiective Products

250 Chester Street
Painesville, Ohio 44077
Pnone 21673524444

Mr. Bruce George
U.S. Federal Railroad Administration
Washington, D.C. ‘

Dear Bruce:

I want to thank you for the time you were able to spend with Ralph
Lundregan and me during our initial meeting. At that time, I men-
tioned that I would forward a letter to you outlining the capabili-
ties of Durabrite™ high brightness reflective sheeting and a com-
parison of "Durabrite'" versus Engineer Grade sheeting.

The basic performance difference between the two products can be
.broken down to two specific areas -- brightness and durability.

Brightness:

The obvious difference here is exemplified by the "head-on" SIA
reading (candelas per footcandle per square foot).

White "Durabrite”™ - 250 White Engineer Grade - 70

Thus, "Durabrite" has approximately 3.5 times the specific bright-

ness of the Engineer Grade product. I am enclosing the appropriate
sections of FHWA Specification FP-79 so that you can make your own

comparison of the two products at the various angles and in differ-
ent colors. Table IV (page 271) is Engineer Grade and Table V-B is
"Durabrite.”

While it is obvious that there is a large gap in brightness between
the two products initially, this difference will be compounded as
the products accumulate the dirt and grime associated with railroad
use. Should the products accumulate a surface layer that reduces
their effectiveness by 50%, the resultant comparison of SIA values
would read white "Durabrite'" - 125 and white Engineer Grade - 35.
Readings of 35 and lower may not be truly effective in the boxcar
conspicuity program.

This "falloff" of Engineer Grade values is further complicated in
the next section.
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Mr. Bruce George

U.S. Federal Railroad Administration
October 27, 1981

Page Two

Durability:

By referring now to the chart on page 272 of FP-79, you will see the
comparison of the materials classified as Type 11 (Engineer Grade)
and Type III ("Durabrite”). This section describes the performance
standard of the two products when submitted to accelerated weathering
in a weatherometer. (Note: 1,000 hours of testing is equivalent to
approximately 5 years of outdoor use; 2,200 hours is approximately 10
years.)

Again, a comparison of the two products after S years of simulated
outdoor exposure would be white "Durabrite" - 200 (minimum) and white
Engineer Grade - 35 (minimm). To pass the spec, "Durabrite" must
have an SIA value of 200 at the end of 2,200 hours.

Because of the harsh environment in which the material will be used,
I believe that these 5-year and 10-year time periods will be impossi-
ble to meet, but I am convinced that ''Durabrite" will further widen
the performance gap in a "real world" situation. '

I hope this information is of interest and benefit to you, and I want
to again mention Avery International's desire to work with you on this
safety program.

Regards,

e Coepr

R. S. Macioci

Durabrite Market Manager

RSM:pg
Enc.
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RETRO-
REFLECTIVE
SHEETING

LAY .
DURABRITE™ REFLECTIVE SHEETING December 1, 1981
STANDARD ROLLS LIST PRICES
PRESSURE-SENSITIVE
CODE COLOR
7100 White
7101 Yellow
7102 Red
7104 Orange
7105 Blue
7107 Green
SIZE PRICE SIZE PRICE
T XE0Y o i $33.00 0 e $330.00
S 66.00 B I 363.00
LU 99.00 127 X B0Y .ttt 396.00
A e i e 132.00 137 o e e e e e 429.00
R R R 165.00 14" et 462.00
6"x50Y........ ... 198.00 R 1= Sl 495.00
Al AR PPt 231.00 L 528.00
F“ - SR 264.00 B I 2 561.00
B ettt 297.00 1B X B0Y .t 584.00
Order Value at
List Prices: Discount
DISCOUNT SCHEDULE:
(Based on single shipment $ List
© to one destination) 1,500-2,499 List less 5%
2,500 + List less 10%

Stock Assorting Priviiege: All “Fasign” reflective sheetings may be combined to obtain best quantity pricing.

Minimum Order: $100.00
Terms: Net 30 days

Transportation Charges: Prices are F.O.B. Shipping Point with transportation charges aliowed and prepaid via lowest cost routing to destination within the 48 con-

tinental states and District of Columbia.
Prices subject te change without nptice.

See reverse side for complete Terms & Conditions of Sale.
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FASIGN® REFLECTIVE SHEETING
TERMS AND CONDITIONS OF SALE

PRICE AND PAYMENT: All prices. uniess stated otharwise herein, are
F.0.B. shipping point and are exclusive of any present or future federa!,
staie, local or other taxes applicable to the sale of products listed herein.
Any such taxes shall be sdded 1o the price and paid by PURCHASER
unless PURCHASER provides Avery International Corporation (AVERY)
- with a valid exemption certificate ecceptable to AVERY and the ap-
propriate taxing authorities. All prices are subject to change without prior
rotice: however, prices shall be those contained in the approprigte AVERY
price list covering the products ordered and in effect on the “Entry Date”

noted on the face of AVERY's Sales Order. Orgers calling for future.

delivery shall be billed at prices in effect on the shipping cate. Except as
herein specifically provided, different products on an order may not be
combined 1o obtain quantity pricing. Shipments which are more or less
than the actual quantity ordered shall constitute filling the order if such
variance ¢oes not exceed the following percentages: (i) 10%, for stock
and custom orders where AVERY purcheses standard materials: and (i)
20%, for custom orders whare AVERY purchases non-standard materiais.
PURCHASER shall be billed only for the Quantity actually shipped plus, if
applicable, trim foss.

The net amount of invoice shall be payable in full within thirty days follow-
ing the date of invoice. A one percent discount is available i payment is
received within fourteen days of date of invoice. Amounts not paid within
thirty days of date of invoice will be subject 10 a late payment charge
{charge) of 1.0% per month on the unpaid balance to be inciuded on each
month’s invoice until paid. The imposition of such charge is not inmtended to
fnter any consent, acquiescence or other agreement, express or implied,
on the part of AVERY 1o forbear or otherwise defer collection of such
amounts when due. To the contrary, AVERY expects payment on or before
the due date of @ach invoice and intends to take all necessary and feasidie
&ction to enforce prompt payment. PURCHASER confirms, acknowiedges
and agrees that it would be impracticable, extremely difficult and unduly
@xpensive {0 attempt to determine the actual damage sustained by AVERY
&8s the rasult of the default in payment of any individual account and that
the charge of 1.0% per month referred to above represents a reasonable
endeavor to fix AVERY"s minimum probable loss resulting from delinquent
paymant, that such charge bears a reasonable reiation 1o such loss and
that such charge is reasonable in amount. It is expressly intended by
AVERY ang PURCHASER that this provision for late payment charges
shall constitute 2 valid, binding and enforceabie agreement for the pay-
ment of liquidated damages pursugnt to Section 1671(b) of the California
Chvil Code and Section 2718)1) of the California Uniform Commercial
Code. If in AVERY's opinion PURCHASER's financial condition does not
justify continuance of production or shipment on the ferms of payment
gpecilied, AVERY may require payments in agvance. Failure of PUR-
CHASER 1o pay any AVERY invoice by its due date makes all subsequent
woices immediately due and payable irrespective of terms and AVERY
may withhold subsequent deliveries until the full account is settied.

ACCEPTANCE: An order once placed with and accepted by AVERY (all
orders are subject 10 acceptance Dy AVERY's home office) may be
cancelled only with AVERY's consent and upon terms that will indemnify
AVERY agasinst loss.

TITLE AND RISK OF LOSS: Title and risk of ioss to all products pur-
chased shall pass to PURCHASER upon delivery by AVERY to & common
carnigr, regardiess of the freight terms stated or method of payment of

transportation charges.

SHIPMENT AND TRANSPORTATION CHARGES: AVERY reserves the
nght 1o specify routing of shipments. AVERY ghall attempt to ship within
tha time specified in AVERY's Sales Order, f indicated, and if not then
within & reasonable time; and PURCHASER acknowledges that no ciaim
may be made for delays in shipment where PURCHASER accepis the
products. Unless speciiied in AVERY's Sales Order, freight charges shall
be prepaid and billed.

COMPLIANCE: AVERY products are manufactured in compliance with sl ’

appiicable requirements of the Fair Labor Standards Act, as amendad,
and all other applicable laws. Except as otherwise agreed in writing, nor-
mal tolerances in spacifications shall not be cause 1o reject products.

RETURNS: Products soid by AVERY are returnable only in accordance
with the warranty provisions hereof. Before returning any product, PUR-
CHASER must obtain AVERY's written material return authorization and
instructions.

LIMITED WARRANTY: All statements, technical information and recom-
fMendations concerning products soid or samples provided by AVERY are
based upon tests believed to be reliadle but do not constitute a guarahiee
Or warranty. All products are $old and sampies of products provided with
the understanding that PURCHASER has independently cetermined the
suitability of such products for its purposes. AVERY warrants the products
o be free from defects in matsrial and workmanship. Should any failure 10
corform to the warranty appear within one year (or the time period stated
on the specific product specification sheet, i any, and if not then on the
specific product informstion literature in effect at time of shipment, if
fonger than oneg year) after the initial date of shipment, AVERY shall, upon
notification thereof and substantiation that the products have been stored
and applied in accordance with AVERY'S standards, correct such defects
by suitable repair or replacement without charge at AVERY's plant or at
the location of the products (at AVERY's election); provided, however,
AVERY determines that repair or replacement is not commercially prac-

tical, AVERY shall issue a credit in favor of PURCHASER in an amount not -

to exceed the purchase price of the products.

THIS WARRANTY IS EXCLUSIVE AND IS IN LIEU OF ANY IMPLIED WAR-
RANTY OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE
OR OTHER WARRANTY OF QUALITY, WHETHER EXPRESS OR IMPLIED.,
EXCEPT THE WARRANTY OF TITLE AND AGAINST PATENT INFRINGE-
MENT. NO WAIVER, ALTERATION, ADDITIONS OR MODIFICATIONS OF
THE FOREGOING CONDITIONS SHALL BE VALID UNLESS MADE IN
WRITING AND MANUALLY SIGNED BY AN OFFICER OF AVERY.

LIMITATION OF LIABILITY: In no event shall AVERY be liable for any in-
cidental or consequential damages, including but not fimited to, loss of
profit, loss of use or production or loss of capital. The remedies of PUR-
CHASER set forth herein are exciusive and the total liability of AVERY with
respect to any confract, or anything done in connection tharewith such as
the periormance or breach thereof, or from the manufacture, sale,
delivery, resale, instaliation or use of any products whether arising out of
contract, negligence, strict tort, or under any warranty, or otherwise, shall
not exceed the purchase price of the products upon which fiability is
based. - o

ASSIGNMENT: Any sssignment of this agresment or of eny rights
hereunder or hypothecation thereof in any manner, in whole or in part,
without the prior written consent of AVERY shall be void. .

NON-WAIVER: Failure by AVERY to insist upon strict performance of any
of the terms or conditions hereof, failure or delay to exercise any rights or
remedies provided hersin or Dy law or to properly notity PURCHASER in
the event of breach, or the acceptance of payment for gany products
hereunder, shall not bs deemed & waiver of any right of AVERY fto insist
upon strict performance hereof or any of its rights or remaedies. or as 10
any prior or subsequent default hereunder, nor shall any termination of
this agreement operate as & waiver of any of the terms hereof.

FORCE MAJEURE: AVERY shall not be ligble for any loss, damage,
delays, changes in shipment schedules or failure to deliver caused by ac-
cident, fire, strike, riot, civil commotion, insurrection, war, the siemnents,
embargo, failure of carrier, inability 10 obtain transportation facilities,
government requirements, acts of God or public enemy, prior orders from
others or jimitations on AVERY's or its suppliers’ products or marketing
activities or any other cause or contingency beyond AVERY's control.

CHOICE OF LAW: This agreement shal! be governed by and construed in
accordance with the laws of the State of California.

ENTIRE AGREEMENT: These terms and conditions embody the entire
agreement and understanding between the parties, are intended as a
complete and exclusive statement of the terms of agreement regarding
the products set forth on AVERY's Sales Order between the parties. and
supersede any prior or collateral agresment or understanding between
the parties relating to the subject matter hereof. PURCHASER
acknowledges that AVERY has not made any representation to PUR-
CHASER other than those which are specifically reterred to or contained
herein. Each paragraph and provision hereof is severable and if any provi-

" sion is held invalid or unenforceable, the remaining provisions shall never-

theless remain in full force and effect.

No salesman, representative or agent of AVERY is authorized to give any
guarantee or warranty or make any representation contrary 1o those con-
tained in these terms and conditions of sale.
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Durability

High Intensity Grade sheeting is
nearly three times brighter after ten
years exposure than Engineer
Grade enclosed-lens sheeting was
on the day it was installed. Atthe
point where the Engineer Grade
sheeting retains 50 per cent of its
original brightness, High Intensity
Grade retains 80 per cent. High
Intensity Grade reflective sheeting
provides greater sign visibili

both initially and during the life of
the sign.

~ BRIGHTNESS RETENTION

BRININIUN, SPECIFICATION
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Dew resistance
In areas where dew is common, DEW RESISTANCE
moisture condensation can cause i “"“T"‘" = Elm?
a blackout of sign legends and y [ [
backgrounds. The tiny droplets of . | o B B . o7 T Dew PEROD

dew scatter the incoming fight
before it is reflected back to the
driver.

High intensity Grade sheeting
slows the collection of moisture
because the air pockets in the
honeycomb structure beneath the
sheeting's surface act in much the
same manner as the airin a
double-paned storm window. This
reduces the temperature difference
between the sign face and the

|| l
l L]

3 €Y DEW e OF THE DRW FERNOC

mmLammmnmm

surrounding atmosphere and
minimizes condensation. Thus
High Intensity Grade offers a
tremendous safety advantage over
other types of sheeting in areas
highly affected by dew.

Source:

Traffic Control Materials Division/3M

Pamphlet LM-HIBCB (71.75) MP

3-M Corporation
St. Paul, MN
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APPENDIX C

DETAILED ANALYSIS OF REFLECTORIZATION COST
AS A FUNCTION OF AREA

ThisAappendix contains determination of the reflector area which

minimizes the life-cycle costs of washing and replacing reflectors.

C.1 REFLECTOR DEGRADATION EQUATION
The engineer grade material tested in Canada (Chapter 3) was found to

have an initial retroreflectance of 94 cd/ft-cd/ft2

which dropped almost
immediately to 35.8 cd/ft-cd/ft2 and then appeared to diminish exponentially
with time. Letting R(t) stand for reflective intensity and t for time (in
years), the reflective intensity at time t, based oﬁ a least squares fit of

the Canadian data is given by

R(t) - R (3372) exp (rt) = R_(.3809) exp (rt) = R,(.3809) exp (-.9872t)

where Ro is the initial reflective intensity.

The decay coefficient of -.9872 combines the effects of dirt accumulation
and material aging. In order to determine the effect of dirt alone, the
deterioration with age must be quantified. The reflective intensity of
engineer grade material is specified to drop to no less than half its original
value in seven years under normal conditions of use. This implies decay at a

rate given by

R = Ro exp (-.099t) (engineer grade; normal conditions)
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It is assumed that deterioration of reflectors in the railroad
environment occurs twice as rapidly as for the highway conditions for which

the specifications are intended. Thus, in railroad use, as in Canada,

deterioration can be expected to be according to

R = R0 exp [2(-.099)t] = R0 exp (-.198t) (engineer grade;
railroad conditions).

Thus, the Canadian result, which shows a total deterioration time
constant of -.9872, is assumed to be composed of an age effect which

contributes -.198, and a dirt effect which contributes -.7892.

These results show that material with initial reflectance of RO

deteriorates due to dirt alone according to the equation
R(t) = RO [(.3809 exp (-.7892t)].

High intensity reflective material also shows decay due to ultraviolet
light and other aging effects, but at a substantially slower rate than
engineer grade. Federal Highway Admfnistration (FHWA) specifications for high
intensity sheeting require that it retain 80% of its original reflective
jntensity after 10 years of service. In view of the harshness of the raiiroad
environment, it is again assumed that deterioration with age is twice as fast
for reflectors on railcars as it is for reflectors in highway applications.
The drop to 80 percent in 10 years implies a decay constant of -.0223;

doubling this value to adjust for the railroad case yields the equation
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R(t) = Ro exp (-.0446t) (high intensity, railroad environment).

Reflectors mounted on freight cars will be subjected to periodic cleaning
and less frequent periodic replacement. Letting tw denote the time in years
since the last cleaning and tr the time in years since the last replacement,

the reflective intensity for reflectors with initial intensity of Ro is given

by |
R(tw’tr) = R0 (.3809) exp (-.7892tw) exp ("0446tr)'

FHWA specifications and manufacturers' guarantees state that the initial
reflectance of high intensity material will be 250 cd/ft-cd/ftz. Thus, for
high intensity reflectors

R(tw’tr) = 250(.3809) [exp (°’7892tw)] [exp (—.0446tr)]
= 95,23 exp (-.78921:w - .0446tr).
C.2 REFLECTOR AREA
The requirement for total reflectivity (established in Chapter 4) is that

the reflector must return at least 45 candelas per foot of incident light.

Thus, the area of the reflector, A, must satisfy the condition that
A x (reflective intensity) > 45,
Using the results of the previous section, it follows that

A x 95.23 exp (-.789t, - .0446t ) > 45
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or

A > .4725 exp (.7892tw + '0446tr)

where tw represents the time since the last wash and tr represents the time

since the last replacement.

C.3 DETERMINATION OF OPTIMAL REFLECTOR SIZE

Determination of the optimal reflector size consists of balancing
installation costs and maintenance costs. Large reflectors have high material
and installation cost but require less frequent cleaning. Small reflectors
have Tow initial cost but high maintenance costs. The following analysis
identifies the area that has the minimum total cost for material, labor, and

maintenance.

The annual cost of reflectorization, C, is given by the following
expression, where Tw is the maintenance period and Tr is the replacement

period:
C(Tw’Tr) = material costs + installation costs + maintenance costs.
In the following analysis we require that the replacement interval be a
multiple of the wash interval. This is not strictly necessary, but in light
of implementation practicalities is highly desirable. For a given pair

(Tw’Tr) the area is determined so that the reflectivity constraint,

A > .4725 [exp (.7892tw + ‘0446tr)]’
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REFLECTIVE INTENSITY

is met as an equality immediately prior to replacing the reflectors, that is,
when tw = Tw and tr = Tr'
Figure C.1 is a graph of the intensity of a reflector with area A that is

replaced after Tr years and washed every Tw years, where in this example, Tr =

\

Min,] \ Reflector
(45) // Yo Replaced

Reflector Washed

6T .
W

New

(95) 7

(Candela per foot-candle)

€ L3

-
0 T, 2T 3T, 4T, ST =T_

o
L.

TIME

FIGURE C-1. REFLECTOR BRIGHTNESS VERSUS TIME FOR A WASH PERIOD OF

Tw AND A REPLACEMENT PERIOD OF Tr

At time Tr the intensity has degraded to 45 and the reflector is

replaced. thus, as a function of Tr we have for area,
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A x [95.23 exp (-.7892Tw - .0446Tr)] = 45

or
A = ,4725 exp (‘7892Tw + '0446Tr)'

In the following sections the combination of values for Tw and Tr that
results in the lowest annual cost will be determinéd. Also, the equation for

area derived above will be used to calculate the optimal reflector size.

€C.3.1 Material Costs

Average cost of reflective material, including cutting, transportation
and railroad handling costs, is $3.01 per square foot. Analysis of the
distribution by length of the 1.71 million cars in the U.S. freight car fleet
shpws that an average of 8.36 reflectors are needed per car. Thus, the total
reflective material required is (1.71) x (8.36) x A, where A is the area of a
reflector. The total cost is (1.71 million cars) x (8.36 refl. per car) x
$3.01 per footz) x A (area), or $43.03A millions. If this material is left in

place for Tr years, then the average annual cost is

Annual Material Cost = £§+Q§ﬁ .

r

C.3.2 Installation

Tests with 1.25 ft2

reflectors have shown that the average time per car
assumed necessary for application in the field is .69 hours. Larger
reflectors will require more time, although a certain amount of setup time is
required which is independent of reflector size. The average time required to

install reflectors having area A can be expressed as
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T = (.69) (.5 + 3xA)

which assumes that .34 hours of setup time are required per car and that the

remaining time is proportional to the area.

The AAR Office Manual of Interchange Rules indicates that a total labor

rate of $39.28 is appropriate for the job of installing reflectors. Thus, the

total cost for installation, expressed in millions of dollars, is

C = (1.71) x (.69) (.5 + ngg A) x (39.28),

which reduces to
C = 23.17 + 18.54A
The annual cost is found by dividing by the replacement period, Tr’

Annual Installation Cost = 23.17 ; 18.54A .

r

C.3.3 Maintenance Costs

The average time required to clean the reflectors on freight cars is
assumed to be .28 hours per car (Chapter 3) and is not sensitive to variation
of area within the range considered in this analysis. In the steady-state
situation, the proportion of cars requiring cleaning each year is (l/Tw -
I/Tr) since a fraction l/Tr of the reflectors will be replaced rather than

washed. Thus, the annual washing cost is
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Annual cost of Washing = (1.71) (- - +-) x (.28) (39.28)
w ™

_18.81 18.81

1 T
w r

Under circumstances in which it is necessary to assure compliance with
the stated washing and replacement intervals, the freight car must be
stenciled to indicate action taken and the date each time a reflector is
washed or replaced. The AAR Office Manual of Interchange Rules states that
stenciling both sides of a freight car costs $28.83 per car. Thus, the annual

stenciling cost is

Annual
Stenciling = 28-83 x 1.71 _ 49.30
Cost Tw T

C.3.4 Annual Cost Equation

In a previous study of reflectorization, it was estimated that 5 percent
of reflectors would be found to be damaged or missing each year. Thus, when
maintenance is done an annual average of § percent or 85,500 freight cars will
require new reflectors each year. Since each car requires an average of 8.36

reflectors which cost $3.01 per square foot, replacement adds

Annual Material
Replacement = (.0855) (8.36) ($3.01)A - 2.15A
Cost

to the annual material costs. Similarly, the annual installation labor costs

are increased by

Annual Material 5
Installation = (.0855) (.69) (.5 + T;?B A) x 39.28 = 1,16 + .93A
Cost °
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Thus, the annual costs for replacing 5 percent of the reflectors are,

Total Annual
Replacement = (2.15A) + (1.16 + .93A) = 1,16 + 3.08A
Costs

Since the replaced reflectors will not have to be washed, the annual

maintenance (washing) costs are reduced by 5 percent, becoming

Maintenance - .95 [1$.81 _ 1?.81J - [17.87 _ 17.87]

Cost r TQ Tr

By combining the costs of replacing reflectors with the previously

determined costs, the following equations for annual costs result:

Material &
Installation = [43;°3A 4 23.17 : 18.54Ay | 3.08A + 1.16
r
Maintenance = [l%'87 - 1;‘87]
w r

Stenciling = ﬂngg .
W

Adding these three terms together results in the annual cost equation,

_60.90A  5.30 67.17

Substituting in that A = .4825 exp (.7891Tw + .O446Tr), it is found that

C(Tp,T,) = 28:78 exp (.7892T, + .0446Tp) | 5.30 , 67.17

Tr Tw

+ (1.46) exp (.7892T, + .0446T ) + 1.16
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is the annual cost of maintaining refiective markings on freight cars, with Tr
an integer multiple of Tw' Table C-1 displays values of C for different

combinations of Tr and Tw'

TABLE C-1. ANNUAL COST AND REFLECTOR AREA FOR DIFFERENT
COMBINATIONS OF WASH AND REPLACEMENT PERIODS

Replacement Period Wash Period Reflector Area Annual cost

(months) (months) (sq. feet) ($ millions)
96 12 1.49 84.9
96 16 1.93 72.9
96 : 24 3.27 70.4

108 12 1.55 84.2
108 18 2.31 69.2
120 12 1.62 83.8
120 15 1.98 73.6
120 20 2.75 67.4
120 24 3.58 68.1
132 12 1.70 83.5
132 22 3.28 66.5
144 12 1.78 83.3
144 16 2.31 70.8
144 18 2.64 67.9
144 24 3.91 67.1
156 12 1.86 83.1
156 13 1.98 79.0
168 12 1.94 83.1
168 14 2.23 75.6
168 21 3.51 66.0
168 24 4,28 66.9

Figure C-2 shows the annual cost curves for both a 120-month (10-year)
replacement cycle and a 168-month (1l4-year) replacement cycle where the cost

is determined for different wash periods.
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FIGURE C-2. ANNUAL REFLECTORIZATION COST AS A FUNCTION OF WASH PERIOD

If no further constraints are placed on Tw’ Tr’ or the area of a
reflector, then the annual cost function has a minimum value of $66.2 million
which occurs when Tw = 21 months and Tr = 168 months. For this combination of

Tw and Tr the necessary area would be 3.51 square feet.

However, manufacturers of high intensity material guarantee performance
.only up to 10 years in a highway environment, which implies that ten years is

an upper bound on the useful life of high intensity material in railroad use.

Thus, the constraint on Tr is
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T, £ 120 months

With this constraint, the cost function has a minimum value of $67.4
million when Tw = 20 and reflector area is 2.75 square feet. Thus, based on
the'assumptions described above the minimum cost reflectorization policy calls

for reflectors with an area of 2.75 square feet, to be replaced after 120

months and washed every 20 months.
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Statement of Tom R. Tunnell
Executive Vice President, Kansas Grain and
Feed Dealers Association, presented to the

House Committee on Transportation in
opposition to House Bill 2400

MR. CHAIRMAN AND COMMITTEE MEMBERS:

The largest segment of railroad tonnage which originates
in Kansas is farm products. Nationally, more than 140,000,000
tons of farm products were transported by the railroads in 1983.
Much of that tonnage was transported in covered hopper cars
owned by grain companies. 129,000 covered hopper cars were

privately owned in 1983.

The agricultural community is in the throes of its worst
financial crisis since the 1930's. Any segment of an agricultural
producer's costs which increase this year or next year may be the
straw that breaks the camel's back. Rail transportation is a

critical component of agriculture's cost structure.

Rail transportation costs for farm products are generally
lower today than they were several years ago. H.B. 2400 will
increase those costs. I do not know precisely the fiscal
impact of H.B. 2400, but I know that there is an impact. I
know who ultimately will pay the bill, and everyone in this room
knows too. It will not be the railroads. It will not be the

grain companies. The cost will be borne by the producers.

7
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Accidents occur at railroad crossings for the same
reasons that they occur elsewhere. Some drivers are drunk;
some are not paying attention; some fall asleep; and some
drive too fast. Safety is everyone's responsibility.

Legislation cannot protect people from themselves.

We ask for your support of agriculture and urge you to
kill H.B. 2400. Thank you for the privilege of appearing

before your Committee.



KANSAS DEPARTMENT or TRANSPORTATION

STATE OFFICE BUILDING—TOPEKA, KANSAS 66612

JOHN B. KEMP, Secretary of Transportation JOHN CARLIN, Governor

MEMORANDUM TO: HOUSE TRANSPORTATION COMMITTEE

FROM: EDWARD R. DESOIGNIE

: POLICY COORDINATOR
REGARDING: HOUSE BILL 2400
DATE: MARCH 6, 1985

THIS BILL WOULD REQUIRE~RAILROAD COMPANIES TO APPLY REFLECTIVE MARKINGS
TO THEIR RAIL CARS OR BE SUBJECT TO CIVIL PENALTIES. THE SECRETARY OF TRANS-
PORTATION WOULD BE REQUIRED TO PROMULGATE RULES AND REGULATIONS IMPLEMENTING
THE STATUTE, AS WELL AS ENFORCE ITS PROVISIONS.

THE DEPARTMENT DESIRES TO EXPRESS CONCERNS WITH THE ACTUAL ENFORCEMENT
OF THE LAW. RATHER THAN REQUIRING THAT ALL CARS BE REFLECTORIZED AS OF AN
EFFECTIVE DATE, THE BILL WOULD PROVIDE ONLY THAT EACH CAR MUST BE SO MARKED
UPON CROSSING A REPAIR TRACK FOR REPAIRS OR CLEANING. ENFORCEMENT WOULD
THEREFORE REQUIRE PROOF THAT NONCONFORMING CARS HAD IN FACT ENTERED SUCH
FACILITIES SINCE THE EFFECTIVE DATE OF THE ACT. THIS COULD PRESENT AD-
MINISTRATIVE PROBLEMS. EFFECTIVE ENFORCEMENT WOULD REQUIRE EXTENSIVE FIELD
INSPECTIONS OF RAIL CARS, WHETHER BY KDOT FORCES ORvLAW ENFORCEMENT OFFICIALS,
AND THE EFFORT WOULD BE ONGOING DUE TO THE CONSTANT INTERSTATE FLOW OF RAIL
CARS.

THE MAJOR POLICY QUESTION RAISED BY THIS BILL IS WHETHER INSTALLATION
OF REFLECTORIZED RAIL CAR MARKINGS REPRESENTS A PRACTICAL AND COST-EFFECTIVE
METHOD OF REDUCING FATALITIES, INJURIES AND PROPERTY DAMAGE AT RAIL-HIGHWAY
GRADE CROSSING ACCIDENTS. A 94-PAGE REPORT ENTITLED "RAIL CAR REFLECTORI-

ZATION" WAS PUBLISHED IN 1982 BY THE FEDERAL RAILROAD ADMINISTRATION (FRA).

Attach. 1/



Memorandum To: House Transportation Committee
March 6, 1985
Page 2

THE REPORT POINTS OUT MANY LIMITATIONS ON THE EFFECTIVENESS OF RAIL CAR
REFLECTORIZATION. LESS THAN FIFTEEN PERCENT OF ALL INCIDENTS OF MOTOR
VEHICLES STRIKING TRAINS FROM 1975 TO 1980 OCCURRED DURING DAWN, DUSK, OR
DARKNESS, WHEN REFLECTORIZATION MIGHT HAVE BEEN HELPFUL. WHEN OTHER FACTORS
SUCH AS WEATHER CONDITIONS AND THE PRESENCE OR ABSENCE OF ACTIVE WARNING
DEVICES ARE CONSIDERED, IT A;PEARS THAT ONLY 2.75 PERCENT OF ALL SUCH
ACCIDENTS MIGHT HAVE BEEN PREVENTABLE BY RAILCAR REFLECTORIZATION. THIS
FIGURE WOULD BE FURTHER REDUCED BY UNQUANTIFIED FACTORS SUCH AS DRIVER
INTOXIFICATION OR FATIGUE, HEADLIGHT AIM AND CONDITION, AND GEOMETRY OF
RAIL-HIGHWAY CROSSINGS. IN ADDITION, THE PROPOSED TYPE OF REFLECTIVE MATERIAL
DETERIORATES RAPIDLY, FALLING TO ONLY FIVE PERCENT OF ITS ORIGINAL REFLEC-
TIVENESS AFTER ONLY TWO YEARS. IN SUMMARY, THE STUDY IS INCONCLUSIVE AS TO

THE BENEFITS. OF REFLECTORIZING RAIL CARS.



Subcommittee members:

Representative Knopp
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By Representatives Johnson, Adam, Baker, Ba,
Blumenthal, Branson, Brown, Dillon, Fox, Fuller, Guldner,
Jenkins, Justice, Laird, Moomaw, Sifers, Sutter .
and Whiteman
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0020 AN ACT concerning motor vehicles; automobile warranties;
0021  commonly called the lemon law. ’

0022 Be it enacted by the Legislature of the State of Kansas: .

0023 Section 1. (a) As used in this act; ‘ ' ~ , :
0024 (1) “Consumer” means the purchaser, other than for purposes :

0025 of resale, of a motor vehicle, any person to whom such motor
0026 vehicle is transferred during the duration of an-exprass/warranty

any

0027 applicable to such motor vehicle, and any other person entitled
0028 by the terms of such warranty to enforce the obligations of the
0029 warranty; and ;
0030 (2) “motor vehicle” means a passeages motor vehicle which : ‘
0031 is sold in this state/ : , and which is registered for a gross weight of less than 12,000 ‘ :
0032 (b) Ifanew motor vehicle does not conform to all applicable pounds, but does not include motorcycles, motor-driven cycles or 5
0033 express warranties, and the consumer reports the nonconformity motorized bicycles

0034 to the manufacturer, its agent or its authorized dealer during the

0035 term of sueh-express/warranties or during the period of one year
0036 following the date of original delivery of the motor vehicle to a
0037 consumer, whichever is the earlier date, the manufacturer, its
0038 agent or its authorized dealer shall make such repairs as are
0039 necessary to conform the vehicle to such express warranties, d
0040 notwithstanding the fact that such repairs are made after the
0041 expiration ofsuch term or such one-year period.

any

any
0042 (¢) If the manufacturer, or its agents or authorized dealers, ‘

“ 2 are unable to conform the motor vehicle to any applicable ex-
. < pxess warranty by repairing or correcting any defect or condition
0045 which substantially impairs the use and value of the motor

/,/;/; A L2
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20146 vehicle to the consumer after a reasonable number of attempts,

9047 the manufacturer shall replace the motor vehicle with a compa-

o048 rable motor vehicle under warranty or accept return of the

0019 vehicle from the consmer and refund to the consumer the full

0050 purchase price including all collateral charges, less a reasonable .
0051 allowance for the consumer’s use of the vehicle, Refunds shall be

0052 made to the consumer, and lienholder if any, as their interests
U033 may appear. A reasonable allowance for use shall be that amount
0054 directly attributable to use by the consumer and any previous’
0055 consumer prior to the first report of the nonconformity to the
0056 manufacturer, agent of dealer and during any subsequent period
0057 when the vehicle is not out of service by reason of repair. It shall
0058 be an affirmative defense to any claim under this act (1) that an .
0059 alleged nonconformity does not substantially impair such use

0060 and value or (2) that a nonconformity is the result of abuse,
w061 neglect or unauthorized modifications or alterations of a motor
0062 vehicle by a consumer.

0663 (d) If the manufacturer receives actual notice of the noncon-
0064 formity, it shall be presumed that a reasonable number of at-
0065 tempts have been undertaken to conform a motor vehicle t the
0066 applicable express warranties, if (1) the same nonconformity has R

0067 been subject to repair four or more times by the manufacturer ov
0068 its agents or authorized dealers within the exprosswasanty term r"""‘—"“'l of any warranty |
0069 or during the period of one year following the date of original
0070 delivery of the motor vehicle to a consumer, whichever is the
0071 earlier date, but such nonconformity continues to exist %W“""’M"ﬂ
0072 vehicle is out of service by reason of repair for a cumulative total

0073 of 30 or more calendar days during such term or during such

: tios .
to repair any nonconformitie ] ?
0074 period, whichever is the earlier date/ The term of Mﬁ@%@%ﬁ[\\\ or (3) there have been 10 or more attempts p ‘
0075 warranty, such one-year period and such thirty-day period shall - A ;.
0076 be extended by any period of time during which repair services {i:j

0077 are not available to the consumer because of war, invasion,

0078 strike, fire, flood or other natural disaster,
0079 (e}~Dothing-is

rodoaot ol o
A kL1 T o S TN

t
- 0080 remediessuhioh are atherwise o ailall
1 otherdas, ‘

0082 € /If a manufacturer has established an informal dispute (e)




0082
00

0085
0086
0087
0088
0089

HB 2124

settlement procedure which complies in all respects with the
srovisions of title 16, code of federal regulations, part 703, as
from time to time amended, the provisions of subsection (¢) of
this section concerning refunds or replacement shall not apply to
any consumer who has not first resorted to such procedure.

Sec. & This act shall take effect and be in force from and

after its publication in the statute bhook. —

Sec. 2. Nothing in this act shall in any way limit or affect the
rights or remedies which are otherwise available to a consumer under the
uniform consumer credit code, or to any person under the uniform commercial
code, or to any person under any other law statutory or otherwise. .

—|
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