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EXECUTIVE SUMMARY

INTRODUCTION

Cooperative agreements between the United States and the
Eastern European countries of Poland, Hungary and Rumania provide
for the exchange of technical research and operational railroad
information. To obtain on site as well as published information
on topics of specific interest to the Federal Railroad Adminis-
tration (FRA), a U.S. delegation consisting of Mr. Philip
Olekszyk of the FRA, Mr. Andrew Sluz and Dr. Andrew Kish of the
Transportation System Center (TSC), visited the railroad research
laboratories, held discussions with railroad experts, and ex-
plored the railroad operational systems of these three countries
in April, 1979. The numerous reports and observations resulting
from this trip were reviewed and a single report, organized by
technical subject, was prepared. The Eastern European practices,
however, -represented only one view of the rail technology issues.
Therefore, United States railway practices have been included
for each of the major topic areas, and comparisons and contrasts
were drawn between Eastern European and U.S. practices,

The report is organized by technical subject. Within each
chapter, the observed Eastern European positions are presented,
followed by the current U.S. railroad practices.

A total of five major topics are covered as follows:

1. Description of Railroad Systems and Research
- Programs (Chapter 2) :

2. 'Ballast Research (Chapter 3)
. 3. LareraL«Resistance (Chapter'4)_
4. Buckling of Track (Chapter 5)
_ 5'. Tie Research and RailfFestepers (Chapter 6) °
In addition, descrlptlons of Rumanian railroad research out-
side the scope of the prior chapters and the Polish and United

States cooperative agreement are described briefly in Chapters 7
- and 8. .

iii



RESULTS

Railroad systems and research organizations in each of the
three Eastern European countries are centralized, government run
agencies, with system mileage comparable to a U.S. Class I rail-
road.* Maxxmum allowable axle loading are generally lighter than
for some U.S. rallroads, although the Polish National Railroad
(PKP) allows 30.25 ton/axle loads, the highest allowable loadings
in Europe, Traffic volumes are heavy, with the 9,300 mile Hun-
garian National Railroad (MAV) system carrying 154 MGT per year,
and the 14,800 mile Polish PKP system carrying 500 MGT per year.
Rail welghts on Eastern European railroads are geanerally lighter
than in the United States. The MAV system in Hungary uses rail
weighihg between 97-109 1lb/yd; whereas, the Rumanian railroad
is replacing its typical 99 1lb/yd rail with 121-131 1b/yd rail.
The PKP Railroad system of Poland uses rail of 121 1b/yd weight
on most mainline tracks. Concrete ties are extensively used in
all three Eastern European countries, and rigid K-type fasteners
predominate on all three Eastern European systems.

Research facilities and programs in each country visited are
extensive. - Rumania maintains a vehicle performance test .track
and Poland maintains a complete laboratory complex; . whereas
‘Hungary considers its entire rail .system a research facility and
emphasizes track performance research

' The. Hungarian Railroad Scientific Research Institute (VTKI),
has conducted extensive studies of ballast gradation, ballast
density and fouling, ballast cleaning, filter fabric application
and related research. The VTKI has developed a spec1f1cat10n

for a uniform gradation ballast of finer particle sizes than
normally used in the U.S. under concrete ties. This gradation
has not been judged acceptable by other European railroads and
would probably not be accepted in the U.S. because of the poten-
tial for early fouling. Hungary has developed a nuclear density
measuring device which provides accurate measurements of ballast
dénsity through the use of a cobalt probe inserted into ‘the bal-
last. In contrast, a device based on a water replacement concept"
has been developed in the United States at the State University
of New York at Buffalo. Although the U. S. device is less con-
venient to use, the measurements are presumed to be more accurate
since the ballast is not disturbed as much as by the Hungarian
apparatus. The results of the Hungarian method, however, have
been used to program ballast undercutting operatlons based on

the level of ballast fouling. :

*Class I: Carriers having annual carrier operating revenues of
$50 million or more.
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Ballast undercutting operations in the Eastern European
countries are similar to U.S. operations except that vibratory
compaction is often used as a final step in the track maintenance
process. Filter fabric application during undercutting has been
.performed in both Hungary and Rumania, but has not been used ex-
tensively because of the high cost of the material.. '

Hungary has conducted extensive research on lateral resist-
ance, including thousands of track panel pull tests, to examine
the effects of tamping, vibratory compaction, shoulder construc-
tion, and tie shape on resistance to lateral movements. Test
results determined that neither tamping nor compaction restored
the lateral resistance of unconsolidated ballast to the level
which existed in the undisturbed ballast. Although machine
tamping achieved .improved ballast consolidation over hand tamp-
ing or no tamping, machine tamping did not provide sufficient
resistance to insure against lateral track movement. However,
vibratory compaction is most effective in restoring a sufficient
degree of lateral resistance to ballast (which has been distri-
buted by maintenance) to prevent buckling and allow traffic to
move without slow orders over continuously welded rail. Research
in the U.S. has indicated that the beneficial effects of compac-
tion are short-lived, as adequate levels of lateral resistance
are achieved on recently maintained tracks after a moderate
amount of train traffic.

Poland uses compaction only where the danger of buckling ex-
ists. Reseachers in Poland have found preliminary evidence in-
dicating that vibratory compaction reduces overall track settle-
ment, but increases differential settlement. Vibratory compac-
tion is not used extensively in the U.S., except on the Northeast
corridor. Tamping does not restore lateral resistance to the
‘level required to prevent the buckling of continusouly welded
. rail. Consequently, slow orders are often imposed over CWR sta-
tions until adequate compaction is achieved. Hungary's VTKI
found that machine tamping was significantly more effective than
hand tamping or no tamping in restoring some degree of lateral
strength. .

The VTKI has experimented extensively with varying shoulder
sections including upward sloping and level shoulders of several
widths. From these experiments, the VTKI has concluded that
shoulders with a 1:5 upward slope provide increased lateral sta-
bility as long as the cribs between ties remain filled with bal-
last. VTKI, PKP and 'U.S. researchers at FAST have determined
that 12-14 inch shoulders provide the optimal lateral resistance
benefit, and that wider shoulders seem not to provide significant
increases in lateral strength.



The Hungarian VTKI has also analyzed the effects of concrete
tie design on lateral resistance, finding that concrete ties with
reduced center sections and bottom indentations provided signi-
ficant increases in lateral track resistance. Concrete ties were
judged far superior to wood ties in providing lateral resistance
as a result of their heavier weight.

The VTKI has also performed extensive research on track
buckllng. Initially, destructive testing was utilized; however
since 1967, a non-destructive test has been used which stresses
the track to the "onset of buckling" an increment just beyond
the elastic limit. The rail is heated using a metal induction
heated element welded to the web of the rail. U.S. researchers
contend that this heating system effectively changes the cross
section of the rail, and have thus developed a direct current
heating method. Buckling tests on U.S. railroads have only re-
cently begun, with an initial effort to design a test methodology
and develop the heating system. The VTKI uses the pure empirical
data obtained from buckling tests to dictate buckling safety
standards and specify the temperature ranges for CWR installation
and maintenance. The FRA, in contrast, is planning to use a more
analytical approach with a limited number of destructlve buckling
tests.

-

The VTKI test results are used by the MAV rail system to
closely control CWR installation and maintenance temperatures.
During the past five years, no track buckling incidents have oc-
curred on the MAV system. However, during the previous five
years, nine incidents occurred with seven attributable to main-
tenance tamping when rail temperatures were higher than the al-
lowable limit. 1In contrast, over 100 buckling related derail-
ments occurred in the U.S. during 1980. The AREA and VTKI rail
installation temperatures ranges differ significantly. VTKI re-
searches -also determined that loosened fasteners, mlsallgnments,
and track curvature strongly influence the loss of stability via
buckling.

Concrete ties are used extensively in Poland, Hungary and
other European countries primarily because of a general shortage
of timber on the European continent. 1In the U.S, however, con-
crete tie use 'is currently limited to the Northeast corridor,
the Florida East Coast Railroad, Kansas City Southern, Seaboard
Coast Line, and test installations on several other railroads.
Concrete ties have demonstrated a longer service life and better
performance than wood ties in both the U.S. and Europe; however,
problems with fastening system designs substantially impact the
overall system service life and maintenance requirements., Spe-
cifically, failure of concrete tie systems in both the U.S. and
Europe is due primarily to plate slippage and fastener breakage.
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Both Poland and Hungary have conducted research on tie and
fastener systems. Dual-block tie systems have been tested in
Poland and Hungary, with the conclusion that the system is not.
useful under normal railroad operating conditions. Dual-blocks
were found to provide less lateral resistance than mono-block
ties and the connecting metal is expensive and scarce in Eastern
Europe. The U.S. and Poland are pursuing a rail fastener testing
program as well as tie renewal research program under a coopera- .
tive agreement., The fastener testing program will include static
load, longitudinal creep, rail rollover resistance, and tie in-
sert resistance tests on K—type, Omega and Pandrol fastener sys-
tems. '

The tie renewal research program will examine the factors
which affect wood tie service life and predict the need for re-
newal as a function of these factors. Poly-impregnated tie in-
serts have been researched by the Polish Central Agency for Re-
search and Development of Railroad Technology (COBiRTK) to de-
termine their value in extending wood tie service life by pre-
venting plate cutting. The inserts have performed well. The'
higher cost of poly-impregnated tie insert systems, as well as
other modified wood tie systems which have been tested in the
U.S., focuses attention on the requirement for improved perform-
ance of such systems over conventional systems. To date, such
improved performance has not been demonstrated.

The rail research emphasis of Rumania's Institute for Re-
search and Technology Design for Transportation (ICPTT) is on
vehicle and mechanical component acceptance testing. Wear and
performance studies have been conducted on brake shoes with var—
ying phosphorous contents designed to reduce brake shoe wear.
Unfortunately, wheel rim wear increased proportionally to the
decrease in brake shoe wear, resulting in the conclusion that
high phosphorous brakeshoes were not cost effective. Rumania
has also developed and tested a bi-level passenger car and car
recognition and optical Automatic Car Identification (ACI) scan-
ning systems. _
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CHAPTER 1
INTRODUCTION

BACKGROUND

Cooperative agreements between the United-States. and the
Eastern European countries of Poland, Hungary and Rumania provide
for the exchange of technical research and operational railroad
information. To obtain on site as well as published information
on topics of specific interest to ‘the Federal Railroad Adminis-
tration (FRA), a United States delegation visited the railroad
research laboratories, spoke with railroad experts, and explored
the railroad operational systems of these three countries. This
delegation, comprised of Mr. Philip Olekszyk (Federal Railroad
Administration), and Mr. Andrew Sluz and Dr. Andrew Kish (Trans-

_portation System Center) visited these countries between April 8
and April 25, 1979. The agenda was scheduled to include railroad
practices on which the countries were conducting extensive re-
search or possessed researchers renowned in the field. However,
some countries established the agenda and the flexibility to ex—
plore other facilities or discuss additional topics was limited.
Therefore, the information collected and the insights gained
varied both in substance and depth by country.

-~

Initial evaluation of the numerous reports and observations
resulting from this trip revealed that the information obtained
was of interest not only to FRA but to the U.S. railroad indus-
try. : . . .

OBJECTIVE

Realizing the value of the accumulated data, FRA contracted
to have prepared a technical report useful to the railroad in-
dustry. Preparation of a separate report was necessary since

-most of the material was written in chronological order by each
of the three delegates and for each of the three countries.
Thus, U.S. railroad experts would be required to read all nine
reports to extract information on their topic of interest.
.Therefore, a review was made of all reports,.the material was
segregated into major technical topics, issues clarified and ad-
ditional information obtained. to provide effective presentation
and .convenient: access to the. material. :
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Presentation of the Eastern European practices, however, re-
presents only one view of rail technology issues. Therefore,
Unites States railway practices are described for each of the
major technology issues, and comparisons and contrasts are drawn
between the presented information. To accomplish this second
objective, the project team reviewed existing railroad litera-.
ture, including where applicable, the American Railway Engineer-
ing Association Manual, and interviewed FRA and TSC research
personnel with known expertise in each technical area. The ap-
pendix to this report contains a list of the individuals inter-
viewed and a bibliography of materials reviewed.

REPORT ORGANIZATION

The chapters of this report have been organized by technical
subjects, first presenting the Eastern European practices fol--
lowed by current U.S. railroad practices. Chapters 7 and 8 des-
cribe only the Eastern European side. L .

Chapter 2 - Description 6f»Railroéd sttems and Reseafch
Programs

Chapterv3 - Ballaét Research .

Chapter 4 - Lateral Resistance

.Chapter 5 - Buckling of Track o

Chapter 6 - Tie Research and Rail"Fasteners

Chapter,7 - Misqellaneéus Rumanian Railroad Research"

Chapter 8 - Polish_and United States Cooperative Agree-
. men v : '

Chapter 7, Miscellaneous Rumania Railroad Research, presents in-
formation which is in addition to the major topics discussed in
the prior chapters. Due to the variety and brevity of these
topics, no discussion of U.S. research is provided. Chapter 8
briefly discusses the tie and fastener research being conducted
specifically under the Polish and U.S. Cooperative Agreement.

1-2



CHAPTER 2
~ DESCRIPTION OF RAILROAD SYSTEMS AND RESEARCH PROGRAMS

SECTION A: EASTERN EUROPE

THE HUNGARIAN
RAILROAD SYSTEM

(a) System Description

The Hungarian Railway System (MAV) is divided into six oper-
ating ‘directorates by location. Those facets of the railroad
that are system wide are controlled by additional directorates.
For example, Dr. Telek, a trip host in Hungary, is the Director
in charge of Section II, responsible for all construction and
maintenance of track. The track construction and maintenance
section includes 36 regional divisions. Each of these divisions
has three tiers: bridges, construction, and maintenance. These
three tiers are subdivided into further responsibilities. For:
example, the construction tier has 9 segments consisting of 6
track, 1 bridge, 1 high elevated structures and 1 tooling and
machine production segment. The overall system is supported by
3 'large factories supplying switches and components, general .
tooling and fabrication, -and heavy equipment and machinery.

(b) Track Structure

The Hungarian system is comprised of a 15,000 km (9300 mile)
railway line. containing approximately 17,000 switches operated
on a combined freight -and passenger mode of traffic. of this
length, 8,000 km (4960 m11es) 1s single track, and 7,000 km (4340
miles) is double.

Freight traffic volume is heavy with the system carrying 140
million gross metric tons (154 million tons) annually. This f1—
gure equals the combined tonnage of the Italian, Swiss and
Austrian Railroads.

Two types of track superstructure aré currently in use:
mainlines are constructed of 48 kg/m (96.88 1lb./yd.) and 54 kg/m
(108.99 1b./yd.). All new construction is strictly 54 kg/m rail.
Some secondary lines are still operating on 23 or 34 kg/m (46
l1b./yd. or 68 1b./yd.) which was scheduled to be replaced by
1980, Overall 90 percent of the track is standard European gage,
while the remaining 10 percent of the track is the w1der Sov1et
gage (1535 mm). :
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Maximum speed is currently 100 km/hr (62 mi/hr.) although
120 km/hr (74.4 mi/hr.) is allowed over some recently constructed
track. These speeds are low compared to U.S. standards. Design
speed (i.e., horizontal and vertical alignment), however, is 140
- 160 km/hr (86 8 - 99.2 mi/hr.). All high speed tracks are
constructed u51ng continuously welded rail (CWR) and concrete
ties are used in all new construction.

.German K-type fasteners are used most frequently, although
three years ago experiments with the new German elastic SK-2 and
SK-3 were undertaken. Testing is still continuing and final re-
sults are not available. Photographs of these fastening systems
are provided at the end of the chapter (see photographs 2-1, 2-2,
2-3 and 2-4).

Railroad personnel estimate the current percentage of CWR
and concrete tie track in service at 25 percent and 60 percent,.
respectively. Railroad officials have found that concrete ties
have durability and performance advantages over wood ties. Con-
crete ties are designed for an axle loading capacity of 21 metrlc
tons (23 tons). However, the primary decision criteria for
adopting a concrete tie replacement program wag economic, since
hardwood timber is scarce in Hungary resulting in high prices
for wood ties. '

» Given the fairly extensive use of a concrete tie track
structure, the following information was provided:

1. Rall corrugation was not in evidence on main line
track. However, there was some evidence of corrugation on tran-
sit track.

- 2. No difference was found in rail wear on concrete
ties versus rail wear on wood ties. Reported wear rate is 1 mm.
(.04 in.) in 10 million metric tons (11 million tons) of traffic.

- 3. Ballast size is smaller for concrete 20/40*mm (.75

/ 1.5 in.) compared to 20/60 mm (.75/2.5 in.) which is used for
wood '

Track malntenance is referred to as "large machlnery main-
tenance" since it is per formed using automatic line, 1ift/tamper,
compactor, and ballast distributor. Track construction is ac-
complished using two methods: 1) A two step system using Soviet
built "Platov" cranes and portal cranes on special rail gu1de-‘
ways; 2) A one step system using Track Laying System (TLS) unit.

* 20/40 is the inclusive range, in mm, of the ballast particles.
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(c) Research Organization

The Railway Scientific Research Institute (VTKI) in Budapest
conducts most of the railway transportation research for MAV.
The institute, established in 1951, is currently under the dir-
ection of Dr. Jozsef Nagy. In this position, Dr. Nagy is res-
ponsible for the operation of the Institute's nine divisions in-
cluding Fixed Installations (track, bridges, etc.), Rolling
Stock, Traffic Control Technology, Railway Economics, Management
and Technical and Administrative Support Services. The institute
is supported by a total staff of about 200. VTKI conducts col-
lobrative research with UIC/ORE and most European rallway re-
search institutes.

Although the VTKI conducts a broad spectrum of research, the
institute's studies most relevant to U. S. Railroad practlces
are in the areas of: track stability and buckling test investi-
gations, track lateral resistance, ballast research and related
maintenance practices, and tie/fastener research. These topics
are discussed in greater detail in subsequent chapters of this
report.

Since the 1950's the Railway Research Institute on track has
pursued extensive investigative programs on track lateral sta-
bility. Thousands of track lateral characteristics measurements
and hundreds of buckling tests have been performed under both
static and dynamlc conditions. Despite this program, Dr. Nagy
anticipates that increasing speeds, loads and traffic volumes
will require that even greater emphasis be placed on track sta-
bility research and related ballast research. Hungary has con-
sidered eliminating ballasted track in favor of slab track.
However, economic feasibility is an important variable. There-
fore, slab track research has not been actively pursued since
the initial costs involved are 4-5 times that of conventional
track and limited economic data is available on long term.per-—
formance. 1Instead, research efforts have continued to be focused
on 1mprov1ng track lateral stab111ty characteristics.

/

The major results of the Institute's research are documented
annually in the "Hungarian Railroad Scientific Research Institute
Yearbook"*, The yearly publications are in Hungarian with '
English, Russian, German and French summaries.,

* See Bibliography, Appendix.
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(d) Track Buckling Test
Facility

The Hungarian test facility is located near Herceghalom
(about 25km or 15.5 miles southwest of Budapest). Tests are
conducted from May to August. The facility utilizes a section
of the Budapest to Vienna line which was abandoned when a newly
reconstructed (high speed) line was opened. The test track con-
sists of 3 sections: (1) a 716m (780.4 yd.) long tangent section
referred to as the "speed track" where vehicles are accelerated
to the required speeds to be pushed through the actual test sec-
tion, (2) the curve test section which is 525m or 572.2 yds. long
(the curve adjustable section being 300 meters or 275 yds., (3)
and a braking section where the accelerated vehicles for the dy-
namic tests are brought under control (this section has a .35%
slope to assist in the braking). The acceleration and braking
sections both employ wood ties at 77cm (30 in.) spacing with
48kg/m (96.81 1b./yd.) rail. The test sections use o0ld design
concrete ties with 60 kg/m (121.1 1b./yd.) rail, with 56cm (21.8
in.) tie spacing in the curves and 60cm (23.4 in.) spacing in
the tangent section. Currently, GEO (K-type) fasteners are used.
Pictures of the test facility are included at the end of Chapter
D

Both static and dynamic tests are conducted on wood vs con-
crete ties, tangent vs curved track, with varying track condi-
tions. The dynamic tests are conducted using 4 cars with 21
metric tons (23 ton) axle loads pushed by a locomotive. The
consist travels at 50-60 km/hr (31-37 mph) over the electrically
heated rail. Braking is triggered automatically at the end of
the tangent test section. A diesel locomotive situated on an
adjacent track generates the heat for the rail through heating
elements welded to the rail web.

Through an intensive research program on track buckling, the
Hungarians have developed detailed specifications for CWR. In-
stallation procedures are necessitated by ambient temperatures
which range from -30° to +40°C (-22 to +1049°F). Under
these ambient conditions, rail temperatures have been found to
range from -300C to +60°C (-22 to +140°F). Rail is usually
1aig at +50C (+ 99F) from the mean temperature of 15°C
(59°F).

Projected buckling test schedules for the summer of 1979
called for the determination of the effects of track misalignment
(but within standards) on lateral stability, on 350m. (approxim-
ately 59), 500m. (approximately 49) and 600 (approximately
30) radii curves with good and bad fastening conditions.
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The test schedule for the summer of 1980 was to 1nclude
buckllng tests over a section containing a new type of tie - "UIC
54," which has indentures on the bottom, These indentures are
in the shape of 70mm (2.8 in.) squares 10mm (.4 in.) deep. The
new tie is 262 kilograms (576.4 1lb.) and 2.55 m (8.36 ft.) in

length. Standard tie weight is 242 kg. or 532.4 1b.

The tie is

constructed of pre-stressed concrete with 12 small diameter rods.
Two new fastener systems, SK-2 and SK-3, illustrated in Figure. .
2-1 below was to be used in conjunction with the experimental ties.
The test sequence was to conclude with a complete buckling out of
the "bad" track under dynamic conditions (risking possible de-
railment of the test consist).

Figure 2-1
FASTENER SYSTEMS

THE POLISH ,
RAILROAD SYSTEM

(a) Track Structure

1

SK-3
_ oA
3 . (1 1] N
4 .\ 4 —~
.I ﬁgy“ﬁ$‘ !g!
%W’/Q? ;

///

Poland's rallroad system ranks with other European countrles
having highly developed railroad transport systems. The Polish
railroad carries annually approximately 30% of all passenger
traffic and 20% of all freight traffic. 25% of the railway sys-

tem carries 75% o

f the .traffic.

The annual volume of freight

traffic is approaching one half billion tons and steadily grow-
ing. The main freight traffic is bulk cargo transported over
Shorthaul traffic and general cargo are carried

long distances.
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primarily by road transport. The increasing role of freight
traffic has required the expansion of the rail system, organiza-
tional changes and new technology research.  The length of stan-
dard gage track now totals 24 thousand km (14.8 thousand miles)
and the entire rail system has constantly been upgraded. The
maximum allowable axle load is 27.5 metric tons (30.25 tons) with
occasional overloads up to 10% allowed.

Improvements in the railroad system have included:

o) Electrification of more than 6,000 km
(3720 miles) of track

o) Automation of rail traffic and wagon
switching in classification yards

o Increaéing shuttle service trains for
freight movement

o Increasing the gross weight capacity for
freight trains which is at present the
largest in Europe

o Developing automatic couplers in cooper-
"ation with Rumania (ICPTT)

(b) . Research Organization

In 1951 The Polish State Railroads (PKP) established The

Railway Research Centre (COBiRTK) as the sole organization re-

sponsible for operational and technical railroad issues. The
" Railway Research Centre staff currently totals 1,000 members of
which 450 have advanced degrees. At present, the Railroad Re-
search Centre consists of 12 research departments and 2 indepen-
dent divisions. Ten of the research departments form 2 major
groups. The departments comprising the first group are respon-
sible for upgrading and modification of railway operation meth-
ods, rational organization of traffic including customers ser-
vice, and the use of electronic data processing for the purpose
of freight transport control and management. The second group
is involved primarily with the modernization and maintenance of
rolling stock, track, and railroad signalling and telecommuni-
cations systems. Departments which assist the other groups com-
prise the third group. The scope of work for the third group
includes developing prototype models, test rigs, instruments and
other devices required by the research departments.
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(c) Test Facility
and Equipment

The Railway Research Centre site is located. at Olszynka
Grochowska, Warsaw. The Centre extends over approximately 10
hectares (24.7 acres), and buildings capacity is over 115 thou-
sand cubic metres covering the usable floor area of 11,500 sq.m.

The COBiRTK, as part of Poland's committment to the Office
of Research and Tests (ORE), has been testing several track sec-
tions and substructures on a full-scale out—-door dynamic vertical
load test facility. This facility consists of approximately 150
feet of track on grade and a rigid frame bridging the section.
This frame serves as a reaction for two actuators that deliver
approximately one maximum wheel loading (10T) at a low frequency.
The objective of the test program is to simulate actual track
loading and measure the settlement and deterioration of various
track structures and ballast thicknesses. The practical appli-
cability is directed at predicting the integrity of the rail, :
fastener, and tie system, rather than in evaluating overall track
system per formance because vertical loading cahnot simulate a
rolling load. However, details of the program were only sketch-
ily presented by the Polish representatives. -

The research centre possesses the test rigs and research
equipment to conduct typical tests of rolling ‘stocks, tracks,
-ballast and power transmission system. Included in the centre
is a hump yard to test vehicle behavior at the moment of colli-
sion, toughness tests of the rolling stock, automatic coupling
tests, shock absorbers for auto—couplers ‘and other types of the
rolling stock bumpers.

N

Tests for special programs can also be conducted using other
specialized equipment and facilities:

) A climatic room used to conduct tests at
the temperatures between -500C
(-580F) to +1000C (212°0F) and rel-
ative humidity between -10% and +95%

e An air washer designed for accelerating
the ageing of materials including simu-
lation of changeable climate conditions,

" extended exposure to changing ‘tempera-
tures as well as X-rays and infra-red
radiation
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® A catenary simulator which measures wear
on catenary wires and power units

® Dynamic wheel set calibration facilities
which allow the calibration of instru-
mented wheel sets to approximate the
speed at which field measurements are
taken

% Facilities for appling static and dynamic
loads to wagon components or to whole
wagons for life cycle testing of freight
cars.,

In order to carry out field tests the Railway Research Centre

possesses numerous test cars outfitted with modern devices and
equipment.

@ A test car designed to measure the over-
head catenary contact line interface with
the current collector at high speeds and
for static measurements

® A test car designed for traction testing
-- traction vehicle characteristics
measurement, investigation of locomotive
tractive power and energy consumption.

Many of the research programs discussed with the Polish rep-
resentative were activities proposed under a U.S./Polish cooper-
ative agreement. This agreement divides the research program
into Tasks by technical topics. Research in fastener design and
testing were conducted under Task 2 of the agreement, and tie
renewal was investigated under Task 3. These projects are dis-
cussed in Chapter 6 of this report.

THE RUMANIAN
RAILROAD SYSTEM

(a) Rumanian Track
Structure

Typical track construction in Rumania consists of both wood
and concrete ties 2.6m (8.4 ft.) in length on 49 kg/m (98.8 1lb./
yd.) rail. Wood tie track construction is strictly adhered to
on curved track territory where the radius is less than 400m
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(1312 ft.), and under’ sw1tches , Recently, however, a new "resin"
tie concept for switches 'was introduced and has performed suc-
cessfully.” Apparently, no problems with stiffness variations at
the joints have been experienced from track in concrete territory
with wooden ties at the joints. Typical tie spacing is 60 cm
(23.4 in.); Rumanian practice calls for 50 cm (19.5 in.) tie
spacing in heavy curve territory. Bolted K-type fasteners were
utilized in past concrete' tie construction; however, an elastic
fastener is used in new track constructlon. (Photographs 2-5

and 2-6.)

Although CWR is used for new track construction, to date only
six . percent of the total system mileage is estimated to be CWR.
Track design loads are 21 metric tons (23.1 tons)/axle with pro-
jection to 24 metric tons (26.4 tons)/axle by 1980. All new
mainline rail is 60-65 kg/m (121-131 1lb./yd.) whereas most exis-
ting rail and secondary track rail is 48 kg/m (96.87 lb./yd.).
Ballast shoulder width is 30 cm (11.7 in.) on curves with a rad-
. ius less than 500m (1640 ft.). A~ granlte Oor basalt aggregate
with gradation 25/70 mm (1.0/2.8 in.) is used. Limestone ballast
is currently used on secondary lines.' Ballast compactors are
not used in the Rumanian system. At one time ballast was piled
on the shoulders of curves with CWR, but this practice has been
discontinued. Obtaining ballast- of sufficient quality for track
construction is somewhat difficult since granite and other igne-
ous ballast is not available within Rumania.

Maximum and minimum ambient temperatures in Rumania range
between +450C/-300C (1139F/-22°F), ' Given this ambient
temperature range, Rumania allows installation temperature to
range between 17° to 20°9C (62.69F-68°F). No information
was available on the frequency or existence of buckling inci-
dents. Rail is replaced on a programmed renewal basis at 280
million metric tons (308 million tons). This figure represents
the wear condemning limit for track greater than 800 m (2624 ft.)
radius, as well as 'the fatigue (flaw) condemnlng limit for track
less than 800 m radius curvature. : :

(b) Research Organization

The Institute for Research and Technology Design for Trans-—
portation (ICPTT) is responsible for conducting research in all
aspects of transportation relating to the design, operation and
maintenance of bridges, highways, buildings, railroads and wat-
erways. ‘To conduct the required research, the Institute main-
tains laboratories, test facilities and a staff of 500 engineers
and specialists. The ministries responsible for railroads,
highways, and ports, as well as the manufacturers supplying
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materials and components, pay the institute for services, re-
search, and certification testing. Organizationally the Insti-
tute has three functional sections: Railways, Highways and Wat-
erways. Although there is some overlapping of responsibilities,
each section functions autonomously. Specifically the Rallway
Section is subd1v1ded into 5 divisions:

@ Propulsion -- Responsible for motor power
research including fuel economy and per-
formance optimization studies.

e Vehicle Dynamics -- Primarily responsible
for developing performance specifications
for various types of vehicles, and con-

. ducting classification testing.

® Rail Automation -- Responsible for de-
veloping techniques, methods, and proto-
type systems to automatize all aspects
of rail transportlon.

e Tracks and Bridges -- Responsibility for

' all aspects of track and bridge research,
with current research emphasis on higher
.axle loads, heavier rail, and improved
fasteners.

¢ Electrification -—- Responsible for the
development and improvement of catenary
and pantograph systems in conjunction '
with m1n1m1z1ng overall energy consump-
“tion.

A container branch is responsible for the study of container
. system problems, rail tests on container handling equipment, and
testing of new types of containers for acceptance standards.
Container research is important to Rumania since containers are
handled in many large cities and at the Constanza Harbour. ICPTT
also supports a laboratory which conducts soil research.
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(c) Vehicle Test
Facilities

The U S. delegatlon toured the Faurei Test Loop (FTL). FTL
is prlmarlly a vehicle acceptance test facility. The FTL facil-
ity is located 150 km (93 miles) SE of Bucharest. The‘loop it-
self has been in operatlon since September, 1978, and is still

sufferlng the grow1ng pains of a new test facility. The Ruman-
ians believe this is the 8th such facility, world-wide. - Compar-
able facilities are known to be located in the USSR, China, U.S.,
and Czechoslovakia. West Germany will build a test fac111ty in
1981 if they can solve location problems.

Figure 2-2
FAUREI TEST LOOP:

Tangent: 1200m

Wear Test

: Loop
' Automatic
‘ ' R= 1800m Coupling A
Track -
/ (~ 1° curve) - Test Tr
; , oo Control . ‘ . A .
Buzan . C Station o Faurei

} : — —>
: ‘\\\\\\;____ Buffing and Loading Test Treck“

. Faurei is a 17 km (10.54 mi) loop with an elevation of 130
mm (5.2 in) in the curves (which -can be increased to 150 mm or 6
inches).. This elevation permits speeds up to 200 km/hr (124 mi/:
hr). The loop has two 1,200m (1308 yd.) tangents and 1,800 m
(5904 ft.) radii in the curves.

o
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The large track is used to test rolling stock, and catenar-
ies, although some track components, (e.g. ties and special fas-
teners) are also tested. The track also has a branch line with
several short radius curves. More curved tracks, to be con-
structed as smaller loops within the larger loop, were ‘planned
for completion by 1980 for conducting extensive tests on bogie
and car behavior. These new curves on grade will be used to test
buffers and under frames and the . effect on goods, since problems
exist in freight loss and damage.

A sepérate electric substation services the larger loop,
which is completely electrified. Various electrification/energy
related tests are being contemplated for this loop.

Currently testing is focpsed in the following areas:
] Locomotive per formance (accepﬁanCe) tests
° Electric energy/fuel consumption
. Ride quality, braking per formance

° Vehicle dynamics and track vehicle in-
teraction

° Catenary shunt studies

e Support to OSZD (Eastern European ORE)
: especially -in automatlc coupling re~-
search.

Catenary tests are scheduled at the Faurei Loop to evaluate
various catenary designs. The catenary program includes: test-
ing catenaries for train speeds.up to 214 km/hr(132.7 mi/hr);
de51gn1ng systems for train speeds up to 160 km/hr (99.2 mi/hr);
seeking substitute materials for steel and copper components;
studying catenary/pantograph interaction; examining current dis-

tribution in leads; and testing reinforced catenary poles without
a poured base.
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The Institute is actively engaged in cooperative research
with the International Union of Railroads (UIC), and the 0SZD
(Eastern European equivalent of ORE). . Automatic coupler research
and rail longitudinal force measurement are among the topics
currently being jointly pursued by these organizations.

(d) Laboratory Facilities

The delegation was glven a tour of selected ICPTT laboratory
facilities. The most notable observation included:

) Cab. Simulator -- A computerized cab mock
up capable of simulating actual opera-
ting conditions. The cab is currently
set up only for an electric
locomotive, but a diesel locomotive sim-
ulator is planned. The cab can hold the
engineer and two observers. The upcoming
track image is sequenced by computer to
the hydraulic actuator and is projected
onto a front screen. Techniques have
been developed to introduce unusual op-
erating situations. The engineers' re-
actions to these situations are recorded.
The Rumanians reported that the locomo-
tive cab simulator has the capability to
simulate track image, noise, acceleration
in two directions, braking, and wvariable
train length from single locomotive to
2,400 trailing tons. The Deputy Director
of the institute indicated that simulator
training prepares a class for graduation
in three months compared to one year by
traditional methods.

° Brake Shoe Test Facility —--~ A full scale
brake shoe and disc brake test stand.
This traditional test stand has 24 chan-
nels of strip chart recording capability
to record temperature and brake shoe
forces. Current tests on composite brake
shoes have indicated a problem with sur-
face c¢racking.
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An Instrumented Wheel Set Calibration
Stand —— The stand as well as several
instrumented wheels were viewed. The
Rumanians prefer the British spoked wheel
technique. The Rumanians also have a
test procedure for loading a wheel lat-
erally at the flange on a moving freight
car to study rail lateral stability.
This test car is scheduled for modifica-
tion to provide on-board actuators to
put vertical loads on the vehicle as
well,

Car Counter and Optical ACI -— These car
identification systems were demonstrated
in the laboratory and are described in -
Chapter 7 of this report.
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Photo. 2-1. SK-3 Fastening System (Hungary)

Photo. 2-2. SK-2 Fastening System (Hungary)
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Photo. 2-3. SK-1 Fastening System

(Hungary)
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Photo. 2-4. Fastening Systems (Hungary).

Left to right: SK-3, SK-2, K-Type
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Photo. 2~-5. Rumanian Elastic Fastening System.

Photo. 2-6. Fastening Systems;K—Type (Foreground)
Rumanian Elastic Fastener (Background)
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CHAPTER 3
BALLAST RESEARCH

SECTION A: EASTERN EUROPE

BALLAST GRADATION --
HUNGARY

The Hungarians use a uniform gradation ballast with particle
sizes up to 40mm (1.6 in.) under concrete ties and sizes up to
60mm (2.4 in.) under wood ties. The more uniform, smaller grad-
ation allows for greater ballast compaction and provides better
interlocking for lateral and longitudinal resistance. Only
igenous rock (primarily basalt) is used currently for ballast,
although several limestone ballast sections still exist which
are more- than 34 years old.

i

The Hungarians have investigated the influence of ballast
particle size on lateral resistence. Results of this research
using a uniform gradation between 40mm. and 64mm., (1.6 in. and
2.56 in.), as a resistance base of 100% show:

¢ A mixture of 25/65 mm (1/2.6 in.) and
25/40 mm (1/1.6 in.). A 1:1 ratio pro-
vides an increase of 20%

"® 40/65 mm (1.6/2.6 in.) and 25/40 mm
' (1/1.6 in.). A 1:1 ratio provides an in-
crease of 16% :

) 25/65 mm or 1/2.6 in. (only). Provides. a
13% increase

° 25/40 mm or 1/1.6 in. (only). Decreases
resistance by 12%.

The best results, an improvement of 25 to 35%, were achieved
with a graduation of 30/65mm (1.2/2.6 in.) and 25/55mm (1.0/2.2
in.). From these tests, the current MAV specifications were es-
tablished at 20/55mm (.8/2.2 in.).

Final dressing of ballast to achieve a close tolerence pro-
file by using a very fine material, 10/25 mm (.4/1 in.) or 5/15
mm (.2/.6), directly below the ties was found very useful in
eliminating settlement. However, this method is not currently
employed since hand tamping, which is a time consuming process,
must be used in conjunctlon with machine tamping, slowing the
entire tamplng process. .
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BALLAST DENSITY AND
FOULING -— HUNGARY

" Hungarian research has indicated decreased lateral resistence
with ballast fouling (from both material working up from the
subgrade and coal dust settling from the top). Although dry,
fouled ballast demonstrates three times the lateral resistance
of clean material, this support is highly inelastic and the lat-
eral resistance disappears rapidly when the material is moistened
by precipitation. Fouling was measured as the percent of normal -
ballast voids filled with fouled material. Decreases in lateral
stability for varying degrees of fouling by coal and sand sub-
grade were found to be: ) '

$ Decrease in Lateral Stability‘

% Fouling : Concrete Ties - Wood Ties
10% - 4% - 5%
25% . -18% -19%
30% . -21% ' ~-25%

40% ' -27% -32%

If the voids, however, are filled with a wet mixture of coal dust
and clay, then for a 40% fouled condition, stability with con-
Crete ties is decreased by 59%, and with wood ties by 63%. The
degree of fouling is measured on the MAV by isotopic means. When
a measurement of 40% fouling occurs at a ballast density of 2.1
kp/cm3 (76 1b./in3) the ballast is machine cleaned. The

normal range is 1.8-2.3 kp/cm3 (65-83 1b./in3). The lateral
single tie resistance method was used previously but this method
has been replaced by the quicker and more effective isotopic
procedure.

The procedure for radioactive isotope measurements of ballast
density/fouling is -to immerse a cobalt 60 probe into the ballast
and then to measure radiation using a calibrated Geiger counter
to determine density.

First, the cribs on each side of a tie are cleared out. A
circular rod is pounded into the ballast next to the tie to a
depth of approximately 8 inches, then removed creating an annular
void. The isotopic measuring system is placed over the tie with-
the probe inserted into the annular void. The system automatic-
ally places a Geiger counter at the tie base opposite the isotope
rod; thus the distance from source to counter is fixed with this
device. The device records the isotope charges measured by the
counter per time unit. The calibration curve is used to trans-
late the isotope count to a density. The measurement procedure
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is performed on both sides of the rail. The results are then
averaged. By using this procedure the average density value is
approximately that of the ballast directly below the tie under
the rail seat.

The MAV is the only railroad system which extensively uses
the isotope method. Other systems report problems with the ac-
curacy of the readings which are affected by several environmen-
tal variables including moisture, gradation, fouling and type of
fouling. 1In addition, the procedure for inserting the probe
tightens loose ballast and loosens tight ballast.

The figure below illustrates the placement of the probe for
,1sotop1c measurement of the ballast.

Figure 3-1

PROCEDURES FOR MEASURING BALLAST DENSITY

PROBE o COUNTER

, _ measurement 1
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v take
— average
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2 measurement 2
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Three levels of fouling were established as follows:

Figure 3-2

LEVELS OF BALLAST FOULING

% fouling

REGIME I: 25% fouling
REGIME II: 407% fouling

REGIME III. 40-100% fouling

3

1.8 1.9 2.0 Denszzy%/m)

Measurement values ranged between 1.55-2.3 Mp/m3 (m3 =
35.34 cubic feet). 1.8-2.3 Mp/m3 is considered a fouled con-
dition. Fifty percent fouling occurs typically around 2.0-2.1
Mp/m3. Using this system, optimum density was established at
P = 1.8 Mp/p3. These types of guidelines can be used since
uniform ballast gradations are specified for all MAV lines. New
calibrations would be needed if various types of ballast grada-
tions were used.
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WEIGHT

A typical ballast fouling diagram for a 100 km (62 mi.) taken at
5 km (3.1 mi.) intervals is shown below:

Figure 3-3
TYPICAL BALLAST FOULING DIAGRAM
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Ballast cleaning can be programmed using this diagram.

This radioisotope technique for the measurement of density/
fouling has several advantages:

® Considerable time saving (1/10 the time
of other methods)

@ Substantial cost saving (average 18% of
the cost of gradation analysis)

® Minimal ballast disturbance

For these reasons, this isotopic method has been used by the
MAV to program ballast cleaning for the last 10 years (800 km or
496 mi. per year).
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The radioactive isotope technique is used extensively in
other areas of transportation technology in Hungary.

' 2 Soils/subgrades in highway engineering
® Wheel/rail wear assessments

® Auto/truck tire highway wear evaluation
® Lubrication technology with regard to

moving machine parts such as pistons.

PROCEDURES FOR
BALLAST CLEANING
——- HUNGARY

Current MAV practice specifies cleaning 50cm (19.5 in.) of
ballast in one undercutter pass on mainline track, 40cm (15.6
in’.) on secondary track and application of filter fabric. Filter
fabric is used as the structural equivalent to 20 cm (7.8 in.)
of ballast or sand layer under the ballast. If additional
structure is needed, then filter fabrics and sand layers are used
together. The current cleaned ballast section is usually 50cm

. (19.5 in.) of ballast laid over a filter fabric, or laid over
20cm (7.8 in.) of sand and a filter fabric. Normal working time
for cleaning and fabric application is 3 hrs/km (4.8 hrs/mile).
Representatives of MAV indicated that currently seven undercut-
ters are operating on their system. One of these machines is
used primarily for the two step sand application (although all
their Plasser undercutters have that capability). Ballast
cleaning operations usually progress at 180-200 m/hr (196.2-218.5
yd./hr) or at 100-120 m/hr (109.3-130.8 yd/hr)when fabric is-
added. The average production for all seven machines on a yearly
basis, including the sand layer application operation, is 130
m/hr (141.7 yd/hr) * Currently 80 to 90 km (49.6 to 55.8 mi.)
of filter fabric is in place on the MAV system. Performance is
continually evaluated by excavating each year several pre-selec-
ted sections to examine the fabric for wear.

The U.S. delegation observed the cleaning process on a double
track segment reconstructed in 1963. The substructure was there-
fore approximately 15 years old. . Each track carries approximat-
ely 11 million metric tons (12/MGT) per year with a maximum axle

* These figures differ ‘somewhat from those given by other
sources.
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load of 21 tons (23 tons). The ballast appeared to be moderately
to heavily fouled with a fine material appearing to be predomi-
nantly coal dust on an embankment approximately 20-30 feet high.
The old ballast dated from the last reconstruction and contained
a much larger particle size than current MAV specifications al-
lowed. Many "rocks" up to 5-6 inches in-diameter could be seen
mixed into the ballast. 1In contrast, the new ballast appeared

to be more uniformly crushed and of smaller average size
(although the maximum particle sizes appeared to be larger than
the current MAV 55 mm (2.2 in.) maximum size specification).

The maintenance operation, machine consist and sequence was
typical of standard MAV procedure. MAV maintains 22 such work
ensembles (only seven undercutters, which are in continuous op-
eration when weather permits). The first operation was ballast
cleaning and filter fabric placement, both operations being per-
formed by the Plasser undercutter. Soil was wasted on the side
of the embankment. The filter fabric was placed directly on top
of the undercut surface and the cleaned ballast placed directly
on top of the fabric. The fabric itself was placed from two
rolls, with an overlap of approximately one foot. It appeared
that the larger stone left from the cleaning operation were
placed directly on the fabric, with the smaller cleaned stone
placed on top.

A tamper/liner followed the undercutter which was in turn
followed by a regulator/distributor. The last machines
in the operation were two Hungarian-made consolidators. Two
consolidators are required to keep pace with the tampering and
lining operation. See Photographs 3-1 through 3-8 at the end of
the Chapter.

The MAV is currently completing an evaluation of a dynamic
stabilizer which grasps the rail head and vibrates the track
structure vertically to achieve sttlement. Three test sections
totaling approximately 15 km (9.3 mi.) have been stabilized using
this machine and the performance of those sections is being
measured. Performance is evaluated by comparisons of all sur-
facing operations, measurements of track geometry, ballast den-
sity, and single tie lateral pull tests in stabilized and norm-
ally maintained sections. Preliminary findings indicate that
this form of stabilization achieves better ballast density and
lateral resistance than consolidation, and that no traffic speed
restrictions are required after maintenance.
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FILTER FABRIC APPLICATION
AND RESEARCH

(a) Hungary

Filter fabrics are commonly used in all track reconstruction
in Hungary. 90 km (55.8 mi.) of track currently have fabric un-
der the ballast. Placement is accomplished during the normal
course of ballast cleaning, with the fabric covering the full
width of undercutting (approximately 4m wide (4.37 yd.).

Application of filter fabrics in track began in 1973 as part
of an in-track service testing experlment to prevent ballast
fouling and increase track stability. The motivation for the
experiment was that approximately 75% of MAV lines were con-
structed on subsoil consisting of clay, coal dust and sandy clay/
coal dust mixtures. This relatively weak substructure often re-
quired -considerable time consuming maintenance.

The experiment* demonstrated that fabrics did increase track:
stability -and prevent fouling but were expensive to purchase and
install. MAV therefore began a comparative test of three fab-
rics: FIBERTEX (Danish), BIDIM (French), and TERFIL II (Hungar-
ian). The tests indicated that all these fabrics possessed ad-
vantages, but the Hungarian fabric was more economical because
of its local production.

The Hungarlan produced TERFIL II has the follow1ng proper-—
ties::

Material: ' polyprdpelene

Weight: 400 gm/m2 (11.7 oz/yd2)
Thickness: . , 3-4 mm (.12-.16 in.)
Tensile Strength: 70-100 kp (154.3-220 lbs) longitu-
- dinal
60-80 kp (132.3-176.6 lbs) trans-
‘verse
Permeablllty**- : 3.5 x 10-3 cm/sec. (1 37 in/sec.)

Experlmentatlon in Hungary means actual in track service tests
since the whole rail system is regarded as a laboratory.
Therefore new equipment or procedures are placed in the rail
system and their performance is evaluated against the current
standard.

** Permeability is the property which indicates the ease with -
which water will flow through a substance.
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In normal operations, filter fabric is estimated to be equiv-
alent to 20 cm (7.9 in.) of subgrade material (sand) with a po-
tential 50% cost savings.

When 40 cm (156 in.) of sand are estimated to be required, a
two step process is used. A Plasser undercutter places a 20 cm
(7.8 in.) layer of sand between the cleaned ballast and the fil-
ter fabric. The filter fabric is rolled off two large spools
attached to the underframe in total width extending approximately
six feet beyond the tie ends and overlapping in the middle about
one foot. The laying of the fabric is followed by the tamper,
regulator and the compactor. Overall the operation appears ef-
fective both in speed and efficiency. Photographs 3-3 and 3-4
at the end of the chapter illustrate the installation procedure.

Current investigations regarding the usage of filter fabrics
have included applications for: 1) drainage pipes 2) highway
construction and 3) at railroad crossings, switches, and rail
joints., Tests indicate that a great percentage of low joints
could be eliminated by installing filter fabric spanning six ties
in jointed track. Filter fabric has been used with drainage
systems as a covering for perforated pipe to prevent culvert
clogging. Current MAV practice calls for all perforated pipes
to be covered by fabric. To date, approximately 9 km (5.6 mi.)
of fabric covered drains are in place.

(b) Rumania

Rumania has participated in 3 to 4 years of cooperative re- .
search with the Hungarians on fabric use. This research resulted
in the placement of 5-6km (3.1-3.7 mi.) of fabric in track. Ad-
ditional research. is planned in specific regions which exhibit
ballast problems. The Rumanians are not committed to extensive
use of filter fabric because of escalating costs resulting from
increases in petroleum prices.

RUBBER EMULSION COATED
BALLAST ~- POLAND

Poland has conducted tests of ballast coated with a rubber:
emulsion for increased cohesion. The dynamic test track section
was used to evaluate performance against an unstabilized section.
The Polish representatives were reluctant to discuss results,

The statement was made, however, that the - stabilized ballast
section would be more difficult to maintain. Whether this dis-
advantage and additional cost are offset by superior track per-
formance cannot be determined without the test results. However,
this type of ballast is not currently used on the Polish Railroad
system. :
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SECTION B: UNITED STATES

BALLAST GRADATIONS

~ In 1944, the AREA established recommendations for ballast
gradations. Today, the AREA specifications do not vary substan-
tially from these initial recommendations. The AREA recommends
five ballast gradations for crushed stone or crushed slag, de-

scribed in Table 3-1 below, for use under varying classes of
track.

Table 3-1

AREA GRADATION SPECIFICATIONS FOR BALLAST
CRUSHED STONE AND CRUSHED SLAG

Apounts Finer Than Each Sieve (Square Opening)

Rominal Size Percent bLHe#ghc
Size No. ~Square Opening 3" 2 1/2" _ 2" 11/2" 1" 3/4" 1/2"  3/8" No. 4 No. 8
24 2 1/7"-3/4" 100 90-100 25-60 0-10 0-5 |
3 2n-1" 100 95-100  35-70  0-15 0-5
& 1 1/2"-3/4" ‘ 160 90-100 20-55  0-15 o-s
5 1"-3/8" ' 100  90-100 40-75 15-35 0-15  0-5
57 1"-No. & 100 95-100 25-60 . 0-10 0-5

. Few experiments on varying ballast gradations have been con-
ducted in the United States because of the general acceptability
of these recommended gradations. Research at the University of
Illinois and at Queens University of Canada, however, showed that
well-graded material exhibits better performance than uniformly
graded material,* provided that particle sizes are larger than
1/4 to 1/2 inch to avoid problems with drainage. Use of well-
graded material is not a general practice on U.S. railroads since
the concept has been accepted that well-graded ballast fouls
faster than uniformly-graded ballast, and will also encounter
frost problems earlier.

In addition, FAST** is currently conducting experiments on
ballast gradation. Under the Phase II Ballast Experiment, sec-—
tions constructed with AREA #3 and AREA #24 gradations of

* Well graded - aggregates with a gradual gradation in size

A from coarse to fine
Uniformly graded - an aggregrate mix with a predominance of
particles in given size range. ‘

** The Facility for Accelerated Service Testing which is located
at the Transportation Test Center, Pueblo, Colorado.
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granite and traprock will be compared for performance under ac-
celerated loadings. Comparisons will also be made to the perfor-
mance of the AREA #4 Wyomlng granite used during the Phase I
tests. |

Most American railroads use about the same size (AREA 3 and 4)
and more uniform gradations of ballast than Hungary with the
largest sizes of aggregate used under concrete ties and heavily
travelled track. Hungary, furthermore, appears to be the only
country recommending smaller ballast sizes for use under concrete
ties. The Hungarian ballast specification is contradictory to
policies of the AREA, and Poland, as well as many other European
rail systems. The Hungarian rail system, however, has much
lighter loadings than U.S. railroads. Final dressing of the
ballast with fine material beneath the ties is not practiced in
the U.S. s

BALLAST
DENSITY AND FOULING

Railroad researchers in the United States have not specific-
ally studied fouling as a measure of track performance as in
Hungary. Generally, the railroad industry views fouling as det-
rimental primarily when it results in pumping. Decisions con-
cerning maintenance of ballast sections, including undercutting
are generally made by maintenance of way engineers based upon
visual inspection, with emphasis on correcting major track
structure problems. Undercutting is a rather recent maintenance
technique on U.S. railroads, and most of this nation's major rail
lines have, at most, been undercut only once. A means for meas-
uring the percent of fouling has not been developed, and ballast
density research has been limited, although a field density
measuring device has been successfully tested.

This apparatus, shown schematically in Figure 3-4, was de-
veloped at the State University of New York (SUNY) at Buffalo,
and uses a water replacement concept. A similar concept was used
in Poland but abandoned because of inconvenience. Poland has
since experimented with using tie damping methods for measuring
the uniformity and quality of tie support prov1ded by the bal-
last.

(1) C.M. Panuccio, T.S. Yoo, E.T. Selig, Mechanics of Bal-
last Compaction, Volume 3: Field Test Results For Bal-
last Physical State Measurement, USDOT, Transportation
Systems Center, Cambridge, MA.
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- Figure 3-4*

IN-SITU BALLAST DENSITY MEASUREMENT
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The figure also illustrates the test configuration. Templates
with circular and ovular openings are placed over the cribs of a
track structure at both the inside and outside of the rail.
Plaster of Paris is used to form a seal and flat seat for the
plates resting on top of the ballast. The ballast within the
template is excavated to the depth shown, and a latex membrane
inserted in the void. The membrane and apparatus are then filled
with water. The volume of water required to fill the void is
measured, and finally the excavated ballast is weighed and the
density calculated. The device was first tested on the Canadian
National Railroad in 1976, and has since been -tested on the
Southern, Illinois Central Gulf, and at FAST. The results of
this method have been adequate and relatively accurate.

* Sources for U.S. figures are listed in the appendix to this
report. .12



This density apparatus has adalso been used extensively in
tests conducted by SUNY at Buffalo to study the effects of tamp—
ing and vibratory compaction on ballast properties.

Laboratory research concerning the effects of settlement and
frost behavior on fouled ballast were conducted at the University
of Illinois.{(2) This research concluded that fouled ballast
becomes a relatively poor material in terms of stability after
repetitive freeze—thaw cycles. ~

The isotope measurement technique developed in Hungary has .
not been used .in the United States, and most other European
countries. Railroad experts' in these countries question the ac-
curacy of this method since the immersion of the cobalt probe
into the ballast actually disturbs the ballast and therefore may
change the .density. Other nuclear techniqués commonly used to
measure soil densities in the U.S. are not suitable for railroad
application because of backscatter resulting from the large voids
existing in the ballast layer. ‘ .

BALLAST .CLEANING, :
FILTER FABRIC APPLICATION
AND RESEARCH

U.S. railroads use the same process of ballast cleaning as

- Hungary, except that vibratory consolidation is usually not per-
formed as a final step.  Unlike Hungary, ballast cleaning on U.S.
railroads is a relatively new procedure, and most lines have been
undercut only once, if at all. Most undercutters currently in
-use are equipped or can be modified to install filter fabric
during the ballast cleaning process, but such application has
been minimal in the U.S.

United States railroads use filter fabrics sparingly. Use
has generally been confined to experimental sections where poor
subgrades are known to exist, or turnouts and grade crossings
where use of fabric is generally acceptéd and often specified.:
One notable exception is a freight yard-in the Southeast which
was constructed totally over fllter fabric.

(2) W. W. Hay, H. C. Peterson, D. E. Plotkin, P. T. Bakas,
Lateral Stability of Ballast, Report #FRA/ORD-77/61,
September, 1977. -
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Although one reported advantage of filter fabrics is the re-
duction of required sub-ballast material, most maintenance of
way engineers oppose a reduction of sub-ballast, fearing a loss
of roadbed strength. However, the primary reason for the general
lack of use of filter fabrics in conjunction with undercutting
is cost. Fabric installation would raise ballast cleaning ex-
penses by increasing materials costs, and slowing the speed of
undercutting operations. Programs have not been conducted to
evaluate the cost effectiveness of the general use of filter
fabric, or under what physical conditions filter fabric would
prove to be cost effective. Some U.S. railroads do accept filter
fabric as cost effective for turnouts and grade crossings.

Part of one section at FAST has been constructed using filter
fabrics, which is currently being tested under accelerated load-
ing. At specified accumulations of gross tonnage, sections of
-fabric are excavated and inspected to detérmine fabric durabil-
ity, and control of fine material migration due to pumping ac-
tion. Results to date have been limited. However, problems have
been encountered with fabric puncturing due to the hard subgrade
at FAST. Fabrics of high tensile strength generally punctured
more easily than fabrics of lower tensile strength. No other
experiments concernlng filter fabrics have been conducted by FRA
or TsC. -

Significant filter fabric research is being conducted inde-
pendently by various railroads and manufacturers, as well as by
the U.S. Forest Service and Federal Highway Administration for

other applications. 1In contrast, railroad experimental use of
""filter fabrics has occurred prlmarlly where subgrade problems’
are experienced.

RUBBER EMULSIFIED
COATED BALLAST

Rubber emulsified coated ballast was tested on a portion of
the TTC Urban Mass Transit Administration (UMTA) test 1oop at
Pueblo, Colorado. The coated ballast appeared effective initi-
ally, but the bonding property deteriorated significantly with
time. Furthermore, the coating created maintenance problems by
sticking to tamping heads. TSC personnel evaluating these tests
expressed no further interest in this material.

=
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Photo 3-1. Track Section Before
Undercutting. (Note Coarseness
of Ballast.)
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Photo. 3-5. Hungarian Track Maintenance Operation
Showing From Foreground to Background:
Vibratory Compactor, Ballast Regulator, Linter/Tamper,

Photo. 3-6. Liner/Tamper.
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Photo. 3-7. Ballast Regulator.

Photo. 3-8. Hungarian Built Vibratory Compactor
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Photo. 3-9. Track Section Following Undercutting.

Photo. 3-10. Hungarian Switch Tamper.
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3~11. Hungarian Switch Tamper.

3-20



CHAPTER 4
LATERAL RESISTANCE

SECTION A: EASTERN EUROPE

LATERAL RESISTANCE
TESTS -- HUNGARY

. ‘Ballast serves as a three dimensional support for railroad
track, and is especially important for resisting internal buck-
ling forces in continuously welded rail. The lateral resistance
provided by ballast offers about 60% of a track panel's stabil-
ity. The other 40% is supplied by rail stiffness and panel tor-
sional rigidity, estimated at 10% and 30% respectively.

" The Hungarian Railway Research Institute conducted several
thousand lateral resistance tests during the 1962-1968 period.
The purpose of these investigations was to determine lateral re-
" sistance (coefficients) under the following parametric influences
a. Vertical load due to rolling stock, V
b. Vertical load due to track's own weight, Q
c. Tie spacing, tie type, and tie éhape
d. . Ballast configuration, shoulder width, and shape
e. Ballast type, size, consolidation
f£. Ballast fouling

g. . Temperaturé effects (e.g., frozen ballast)
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COMPUTATION OF
LATERAL RESISTANCE

In view of the basic principle that total panel resistance
can be expressed as:

ds = Gts + dhs + dvs
Total S ' , - ‘
panel lateral = Tie bottom + Tie side shear + Tie end face
resistance shear resistance resistance . resistance

Total panel lateral strength, Hg can be calculated from:

where k is ‘the tie spacing. Schematically:-

B Figurém4—1
Panel Lateral Strength'
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Based on the numerous tests and measurements, empirical coeffi-
cients were determined which were subsequently utilized for the

determination of qgg., yUsing the following test setup, many pull
tests were performed.
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Figure 4-~2

Pull Tests for Measuring Lateral Resistance

{e 300 cm )

THE EFFECT OF
TAMPING

The results of extensive tests demonstrating the influence
of tamping method on lateral resistence is presented in Table
4-1. ' These results are for an unloaded track with k = 65 cm.
(25.35 in.) and a 40/60 mm. (1.6/2.4 in.) ballast. In addition,

Table 4-2 provides the percentage distribution for the statistics
in Table 4- 1
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Table 4-1

Effect of Tamping on
Lateral Resistance Components

4-4

. Concrete Ties ‘ Wpod Ties

Type of Tamping . kp/cm @ fy* kp/cm @ £3
dts Qhs dvs | 9s dts | 9hs [ Qvs |[9s
Untamped . ) ‘

(just shoveled) 3.32 | 2.03 ] 0.29 | 5.64 1.85 [2.13 ]| 0.31 |4.29
Hand tamped , '

(one layer) 3.32 | 2.30 10.41} 6.03 1.85 1 2.44 | 0.44 {4.73
Hand tamped . _ .

(two layers) "3.32}12.73 |0.47 | 6.52 1.85 | 2.85] 0.59 {5.27
Machine tamped :3.32 {3.04 10.60} 6.96 1.85}13.20} 0.73 |5.78
*f1 = Limit of elastic response - see Figure 4-1

Table 4-2
Percentage Distribution of
Lateral Resistance Components
e e - - -Concrete- - - - ---Wood . -
Type of dg = 100% ds = 100%
Tamplng dts dhs | 9dvs dts dhs | dvs
% %

Untamped 58 37 5 43 49 8

Hand tamped ,

(one layer) 55 38 7 39 - 51 10
Hand tamped . : ‘

(two layers) 51 41 8 35 53 12
Machine tamped 47 43 10 31 55 14




Based on Table 4-2, the Hungarians’éstimate that the approx-
imate contribution of each of the components to total ballast
resistance, qg, is '

® dJis = 50%
® iqhs = 40%

° dys = 10%

The relatively small influence accorded the component of resist-
ance at the tie ends, qyg, indicates the relatively small con-
tribution of the ballast shoulder to lateral resistance. 1In
contrast, because of the comparatively large influence of the

tie bottom, unloaded track can be in great danger of buckling
when rail temperatures reach 430C (1099), especially where

voids exist under the tie. 1In fact, lateral resistance of loaded
track was found to be 2 to 3 times greater than lateral resist-
ance of unloaded track.

' The effectiveness of tamping on total lateral- resistance

(dg) is illustrated below (values shown are increases in gs -
over the untamped value): :

Table 4-3

Increase in Lateral Resistance
by Type of Tamping

. Increase in Increase in
Tamping - ... . Lateral Resistance B Lateral Resistance
Technique ° . : - Concrete Ties : Wood Ties
One .step tamping : 8% - 12% -
TPwo  step tamping '16% . ' 22%
Machine 21% 30%

Hand tamping techniques cannot achieve the necessary ballast
densification on newly constructed or recently maintained sec-
tions. Therefore, the Hungarian's use a vibratory compactor with
a 950 kn(kilonewtons) force at 1700-2300 HZ to achieve additional
densification. This compaction method increased lateral resis-
tance to between 13-20% of its maximum possible value for con-
crete ties and 17-24% for wood tie tracks. Additionally, the
results of numerous tests have also shown that a typical freshly
laid (untamped) track behaves in an almost inelastic fashion;.
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that is, given any latérai‘displacement, permanent -deformations
occurs. Similarly, machine tamped track remains elastic only to
the order of .1 to 2mm (.04 to .08 in.) lateral deformation.

THE EFFECT OF
BALLAST COMPACTION

(a) Hungary

» The MAV experience indicates that ballast compaction is a
necessity for maintaining good track alignment. Compaction is,
in fact, specified as an integral part of all surfacing opera-
tion. No track is perfectly aligned, and therefore when rail
temperatures reach +600C (1400F) (the maximum found in Hun-

gary) lateral track displacements will occur. A track which lies
on a well-compacted ballast section will displace up to l.4mm
(.056 in.), but sufficient elasticity remains in the ballast af-
ter machine compaction for all the displacement to be recovered.
Track on an uncompacted ballast section, however, can have .ini-
tial displacements of 2 to 5mm (.08 to 2 in.). In this case,
approximately one half of the displacement will be recovered when
the rails cool at night. For this reason, ballast compaction is
always specified. '

(b) Poland

The PKP's recent emphasis on post-maintenance ballast com-
paction has been focused on attaining a maximum level of track
homogeniety rather than maximum track stiffness. That is, the
maintenance philosophy is to reduce differential track irregu-

" larities rather than the total ‘amount o6f track movement. Pre- =

liminary Polish experiments with ballast compactors have demon-
strated that the total track settlement is reduced after compac-
tion; however, the diffeérential settlement is increased. Conse-
quently, the PKP uses ballast compactors only where the potential
for lateral track buckling exists; that is, on newly laid track
with CWR. Post-maintenance tamping is used only where the danger
of buckling is minimal. -
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THE EFFECT OF
BALLAST SIZE

The effect of ballast size and gradation on lateral resist-
ance is summarized in Table 4-4 below. The recommended ballast
gradation of the MAV is 30/65mm (1.21/2.6 in.) or 25/55mm (1/2.2
in.), but the actual standard is 20/55mm (.8/2.2 in.). Table
4-5 presents the effect of ballast fouling on lateral resistance
. Current MAV practice is to accept 40% fouling as the limit
before requiring complete ballast cleaning. A more detailed
discussion on ballast was presented in Chapter 3 of this report.

Table 4-4

Effect of Ballast Size

Ballast Size qg @ fq1*

Tie Type mm* * %
Concrete 40/65 100
Wood 40/65 100
Concrete 25/65 and 25/40, 1:1 mix 120
Wood 25/65 and 25/40, 1:1 mix 120
Concrete 40/65 and 25/40, 1:1 mix 116
Wood 40/65 and 25/40, 1:1 mix 116
Concrete 25/65 114
Wood 25/65 113
Concrete 25/40 90
Wood 25/40 88
o f1 = Limit of elastic response

See Figure 4-1
** 25mm = 1 in., 40mm - 1.6 in., 65mm = 2.6 in.
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Table 4-5

Effect of Ballast Fouling on Lateral Resistance

Type % Fouling by WT. % Decrease of gg
_Concrete .Wood

Sand/Coal , 10% | 4% " 5%
- 25% 18% 19%
308 1 21% 24%

40% ] 27% 32%

Wet Clay/Coal . 40% 59% 63%

THE EFFECT OF SHOULDER
CONSTRUCTION -- HUNGARY

The Hungarians have ‘investigated the effect on lateral re-
sistence of sloped shoulder construction as illustrated below: .

"Figure’4—3-

" | .
r%\el.s’"/_ """ " shoulder

L = height

/ ; \”:';’?_1_—;im

shoulder width

Tests of sloped ballast shoulders (i.e. shoulders sloping upwards
at a 1:5 ratio instead of being horizontal) show a net increase
in lateral resistance of 5-7% at a 45 cm (17.55 in.) shoulder
width, if the cribs remain full. However, if the additional
ballast material is borrowed from the crib then there is a loss

of side resistance which results in a 18-25% net total loss of
lateral resistence,
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The Hungarian experiments were conducted on a track section
with a standard MAV ballast shoulder width of 40cm (15.6 in.).
In U.S. practice, with wood ties spaced at 19 1/2 inches and

concrete at up to 24 inches on centers, this would translate to
effective ballast shoulder widths of 9 3/4 inches for wood ties
and 12 inches for concrete. Given a possible +2 inch deviation
in tie spacing, indications are that ballast shoulder widths of
12 inches and 14 inches for wood and concrete respectively would

give maximum benefit to the track for resistance to lateral dis-
placements.

THE EFFECT OF
TIE SHAPE -- HUNGARY

The MAV has also conducted experiments on increasing the side
and bottom resistance by using different shapes and surface in-
dentations. These experiments demonstrated that reducing the
width of the tie in the center would increase lateral resistance
by as much as 24%. MAV's recommendation is to develop concrete

ties for future use with narrow centers and indentgd bottoms as
illustrated below: '

Figure 4-4

Experimental Concrete Tie Design
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The theory is being considered that side indentations would
provide an even further increase., Tests conducted on narrow
center ties with bottom identations indicate that increased lat-
eral resistance values up to 35% can be achieved if this config-
uration of tie is employed with side indentations.
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