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SUMMARY

The author seeks to show what conditi
fasteners for use in slab track. Vertical e1astizit?u;:sbiofiii;ii:gtzyfrail
resilience of cross ties on ballast, and elastic restraint in other modesozf
deformation is discussed. Considerations of noise and vibration raise problems
of damping which must influence the design of elastic elements. Requirement
for adjustability during installation and later maintenance are important aaf
pects of practical design having repercussions on cost and line occupation
Where slab track is proposed for very high speeds, fine adjustment becomes-
essential. Some desirable features of practical design are indicated.

1. INTRODUCTION

Fasteners for securing rails directly to a comcrete base were
developed initially for use on bridges and in subway tunnels. Elimination of
a ballast layer had obvious advantages in minimising construction depth, and
overall dimensions of structures, particularly of tunnels in city areas with
a labyrinth of existing underground service pipes and conduits.

peared as a means

Gradually the prospect of using slab track has ap
or of

e on main lines carrying dense traffic,

of reducing maintenance tim

achieving the very finme geometrical accuracy required for high speeds. The

fasteners must provide elastic connection between the rail and the concrete
rete.

avoid damaging impact on the conc

base, to distribute train loading and
lastic fasteners is mechanically a

go this extent, the rail on a series of e
eam on elastic supports and analogous to the slab itself on a yielding soil

base. The theories developed by Zimmermamn [11, Kerr [2,3] and others are,
therefore, relevant to the mechanics of the rail and fastener system.
Using these theories, some authors [4] have advocated making a slab
sufficiently stiff to combine pressure pulses from axles of a bogie into 2
single pulse as illustrated in Fig. 1. In regard to the rail and fastener sys—
tem, however, bending stresses in the rails must be limited and the pressure
pattern on top of the slab is more like the first diagram than the last.

e to the slab may be in three

In fact the rail movement relativ
mutually perpendicular directions of translation and three mutually perpendic—
ular planes of rotation. These s

ix modes of relative displacements should be
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In fact the vertical su

ort
Loat th-that, e R el bypp elasticity was intended to be equiva-

a cross tie resting on ballast.

The types of fasteners shown in Fig.'s 2.1 to 2.5 had been tested

in a laboratory under pulsating load, havin
g a vertical component of h
the wheel load plus impact allowance. They withstood 2.5 m?ilion IZad zizles

and Fig.'s 3.1, 3.2, and 3.3 show in summa
g A O TR o ry form the distortions occurring

30 For such spacing and stiffness of fastener
= 4 s, the differences in
2L calculat%ng maximum reactions by the theory of discrete supports [5] or by
the continuous support theory are negligible.
There have, in fact, been serious attempts to develop a continuous
support for the rail. Instances are illustrated in Fig.'s 4 and 5. The Bri-
B tish version is still not perfectly continuous, since rail clips are retained
L at a spacing of 65 cm. The Dutch experiment, on a bridge, uses an elastomer
r—— enveloping a large part of the rail.
Fig. 6 illustrates typical flexure of rail and slab, having regard
to the local spread of reaction between rail and slab and the greater spread
u%%: on the soil accomplished by the slab. Comparison is given between a yielding
foundation and an absolutely rigid base. Self evidently, the relative deflec-
tion between rail and slab is practically alike in both cases. Hence the
reaction intensity between continuous rail and continuous slab might in prac-
I tice be calculated as if the slab did not deflect.
aL
— Any lack in continuity must, of course, modify the equilibrium. The

fastening and the slab must for instance be capable of withstanding reactions
at a rail joint. A hinged joint in the slab has less serious consequences
than a joint which is unable to transmit shear, provided that the slab has
continuous bearing on the soil.

i
0

If, however, the slabs are laid as a series of simply supported

s bridges, an abrupt change of slope occurs at their ends under loading. Dis-

; cussion rages about permissible deformation of repetitive bridge spans for

! high speed lines, but even for the static bending of rails, a limitation of
deflection should be observed. In Fig. 7 a comparison is offered between the
effects of grade change and the effects of a 10 ton wheel load. Basis of cal-
culating end grade is the proposition that the deflection of a span be limited
to span length divided by 800 under a uniformly distributed loading. Then

! the end slope would be 1/250.

UIC rail with elastic supporting stiffness of the fasteners
} amounting tz 16zon per centimeter of length per centimeter of r:la;ive de-
; flection, give quite typical parameter values. The effect of en ihopiazg
! rail bending is seen to be quite serious. Some extra reaction on eil i
teners is also engendered by the extra relative deflection between ram B
! slab. They must, therefore, be designed to accommodate this extra comp

sion without damage.

/cm
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2R Diagram of force relationship

Minimum load 2R =11
Maximum load 2R =15t

0.250 t<5§<3.750 t
0.500 t<R<7.500t

Fig. 2.3 Pulsator for Testing DB Fastenings for Underground Lines
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Fig. 2.4 wgonneville" Direct-Fastening System Using Special Shoe
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PN

X dial gouge

Diagram of force relationship

2R

Minimum load 2R = It
Maximum load 2R =15t

0333t 5 5¢
0.500t R 7.5t

500 cycles /mn

Fig. 2.5 "Monaco" Direct-Fastening System

yet sug-
1 flanges. There must be some Play and hence when
these flanges occasioually strike the rail, they do so with some transverse
velocity and with consequent

4 much lower level by a couple
nts and a harq contact at the gide of the rail
arer the head has some
eformed in tor:
tical bending., The complex
Y force are treated in Ref.

foot. Maybe th
lingering advantage, Conaequently the rail ig d
its neutral axis sufferg both transverge and ver
mg?es of deformation in responge to any arbitray

vied here this cryde manner of countering
transverse Components of forces hag Stood t' aler of cow
miles of conventiong] track, Perhapg i on:dt;.t Paiiman igussnds of
men have learned o live with

@ truer to Say that railway-
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5’ Bogie Base F |g
L
2 For rail and its supports,
' Q. - kR
A R 4(EI R
E) a3 X
( )R ay In this {1lustration ap = /L.
S a0a Yielding slab has its own

value of a = 11/2L to give
single pulse

(El)slub
(El)rall ¢

rin‘___.._l__ ——————
- I

|

|
Rail on yielding slab Rail on unyielding slab

Fig. 6 Deflections Under Bogie

these has wielded importance by contributing to resistance against lateral
buckling. A slab is eminently suitable for taking over that function. How-
ever, even in a slab track there remains a tenable role for these restraints
by influencing vibration within the audio range.

However complicated may be deformations of the rails in the vicinity

of the wheels, it is obvious that vibration can endure after the passage of
a train, according to several modes of natural frequency. Indeed any rail-
way man knows they can be excited ahead of a train, providing a strictly un-
authorized listening post. Amongst these pervasive vibrations are some with
nodes at every fastener. Table 2 shows primary frequencies of bending both
vertically and horizontally, assuming the supports permit free angular move-
ment. Any restraining of angular movement would raise the frequencies.

All these frequencies are well within the range of human hearing
and the rail is a fairly large loud speaker. Moreover, those emitted waves
which might have been absorbed by ballast are reflected by a hard cgncze;eooo
slab. Human sensitivity tends to be most acute at frequencies of about 1,
Hz, diminishing gradually for frequencies below or above.

In this mode, the frequencies of horizontal bending are e::iriiim
below 1,000 Hz. Thus there is absolutely no merit in seeking ;g ::ions 3
by intentionally increasing angular restraint. The verticaltsz;ess .o
above 1,000 Hz for closely spaced fasteners, SO rotational s
Vertical plane has some slight acoustic merit.
trains inevitably have

age of
passag 1 along the rail. Be-

ited by the
Lower frequencies exc y ch may trave

longer distances between nodal points, whi

estraining
tween nodes the rail must move within the fasteners. e:z;s t;:a:elling o a
Stiffness of the fastemers exerts its effect on frquadcliffe—on-Trent gives
train over a series of different test lengths as at
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TABLE 2 NATURAL VIBRATION OF RAILS wiTH NODES AT FASTENINGS

RAIL
VERTICAL FREQUENCY HORIZONTAL FREQUENCY
——==71 Second Moment of Spacing of I e ——————
Area 8 of supports
L ik - Spacing of supports
orizon~ S ]
Vertical il 60 cm 65 cm 70 cm 60 cm 65 cm 70
cm
4 4
Kg/m cm cm Hz
el Hz Hz Hz Hz Hz
s 49 49.43 1819 320 1200 1020 880 500 428 370
s 54.54 2073 359 1220 1040 900 510 432 373
5160 60.4 2760 454 1310 1120 960 542 461 398
e 54.43 2346 414 1300 1110 950 546 465 401
vIC 60 60.34 3055 513 1400 1200 1030 578 491 424
.92 3252 604
S 64 64.9 1400 1190 1030 605 514 444
AREA 14C | 69.4 4029 1510

NOTE: £ =(n/2L2)/EI/m in general units or F =(713.000/D2)/I/W

where F in Hz is frequency, D in cm is spacing, J in cm4 is second moment of
area, W in kg/m is rail weight.

a surprisingly convincing subjective impression how the dominant tone tends
to rise with stiffness. Evidence can be discerned from power spectral anal-
ysis, even if the total noise is unchanged. In turn that leads into the
fascinating study of human preferences.

5. DAMPING

It may be well to clarify terminology, not just for linguistiﬁ
pedantry, but to avoid some of the hazy notions imported by words like "cush-
ioning".

Elasticity does not signify damping. The bending of a steel rail
is elastic, but it can vibrate for a long time when freely suspended absorb-
ing energy only by its own molecular structure. Likewise, external elastic
support might absorb little vibrational energy.

o called high hysteresis, which

which provide s
ol e : cessarily conform with the mathe-

should be preferred. However, they do not ne
matical notion termed "hysteretic damping'.

Energy absorption can be provided in some materials bitte:u::d'::
Shear deformation than direct strain, so the manner of def;rma:ton i3
recognized for obtaining effective conversion of mechanical en gemﬂ b
heat. The form and thickness must be considered in relation to

A
y ing charac ristics .
P erature r ise usuall Changes damp b2 har EC

tibbed form of elastic pad deforms partly by shear, AT
wji._.th thermally conductiflg surfaces. Holes in an elastic pad have s
effect,

f mechanical
Surfaces rubbing in contact cam provide frietional loss o
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rading the material, as, for example,
energy, but usually at tgingﬁituﬁfngbballagc. According to most theoreticy)
the stones or partiC%eS mathematical convenience, vibration is never completey,
approximations used °§n ever decreasing amplitude. Yet, when the force bat
killed, but continues come the sliding friction between individual graing, ,
cgmes.tog, spallita ov::tent with general knowledge of static friction, It
state of rest is conSof random rest positions after passage of a train; the
leads to explanation from the uni-directional settlement ?r bedding of the
iy i apar;he extent to which such "dry friction" is present may ip-
granular mater;al-bility of ballast to limit vibration, and pﬁrhaps point the
deedtsxgizigaélz 3amping characteristics of truly "cushioning" pads.
way

Imperfect elasticity, when Hooke's law of proportiona;igy fails to

ly, is usually, but not always accompanied by fairly enhance ysteresig,
et ,small vibrational displacements superimposed on more funda-
Howeveré Eor V:Izns it seems sensible to base calculations on a stress-straip
mentai eh:rmiore like the tangent modulus, assuming pre-loading more appro-
;ii::eo:z tge static reactions. Little absorption of eénergy can be expected

where the loops of load times force are very small as for example in the test
result of Fig. 8.

The principal need for
damping is to destroy vibrations in
the audio range. The continuous
elastic layer has more chance of
attenuating the bending of rails
Over very short wavelengths. In
any case, covering a large part of
the rail surface must provide use-
ful acoustic Screening.

6. PRACTICAL ASPECTS

Design for adequate
Strength poses no particular diffi-
culty. Primitive methods of attach-
ing rails to slabs or bridge decks
without resilient Pads belong to
the past. Elastic Support now
allows reasoned cal
Stressing in slabs,
the bolts holding th
even if dynamic effects remain
empirical, Indeed, if the slab ig
adequate, the fasteners have a more
constant support condition thap
with ballast, Hence their loading
erratic and i]j
S should be cop- Fig. 8 ical Load - Deflection Char-
Pletely eliminated, aCterisizﬁ for a Fastening Assembly under
Vertical Loag (Showing effect of small
amplitude loaq variations)
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Laboratory tests ([8] in which various fastenings were subjected to
two million cycles of combined vertical and transverse loading, pro-
Ovi:d confidence for ORE and member railways to yse them in slab track for
no :
gerviced tratnss

The sections laid at Radcliffe-on-Trent h.

ton per year of normal traffic since April 196

long " "of 56.000 1b axles [9]. Since then,

?ottli?ed in lines carrying denser traffic.
;ﬁi;: is subject also to high speeds.

ave carried about 3 million
9, including a fair pro-
more ambitious lengths have been
One in Germany at Oelde and

Together with the quite severe testing in Czechoslovakia, these tests
also demonstrated the ability of fasteners to retain geometrical condi-
h?ve Initial play in the fasteners tends to close after the first few trains,
= :after the component parts remain in tight contact. A simple form is

por ther'neering. Too many elements mean too much play in total, because
ok engt must have its own manufacturing tolerances. The rail itself is not
eaChe§:§est section to roll, and any inaccuracy of the head relative to the
;::e forms part of the system of tolerances.

In thinking of high speeds, very fine accuracy is relevant. Table 3
shows some requirements drawn from British railways. Ride comfort demands

TABLE 3 BR RECOMMENDED TOLERANCES

Rho 120 k /:elgw 80 km/h Bgellu:;h
160 km/h to 120 km/h 20 km % Bl T
\ }33 A:I;{\h tg %gg :u:‘{\" 99 mph to 75 mpn 74 mph to 50 mpn 9 mo
v
i A 8 c
1 M
M 1 H
1 1 i} 1
| - i -2 mm -3 mm -3 mm
GAUGE =1 mm -1 mm -1 mm -1 mm 2 mm e = rl
WAL, +3 om +6 mm +3 o +7 A o 6 wm in 2 metres
| 4 nn in 2 metres 5 nm in 2 metres
| Variation 3 mm in ¢ metres e
| +3 mm +10 mm
CANT 2 45 mm +2 om +6 om +3 mm +8 mm t
\ +2 mm + +
Variation See twist
600 400 600 400
TUIST | in: 750 600 600 400
Heasured
Over 3 metres
C)
ALIGNIENT o :5 i -!6 4 5o
s 3 4 + +5 om B
overlapping 3 mm +4 mm .
chords
3 |
Variation See gauge
14 12 mm 16 mm
m
10P-UHEVENNES! Torey 8 mm 12 mm 10
<0 metres 6 mm
Variation See Cant and Twist
If Jatum l
below rai) 100 = *3 or + 5 etc.
height g L_———
T I maintenance

d es
I denotes installation; M denot
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. : d level, cross level and gauge

ariation of line an -

very close limi;si::e;ularities it is even desirable to approach fractiong ot

short wavelengtThe possibility of avoiding abrupt changes in height OF aline.

s millimsz:;;ent upon joining new rails to old, must also be provided by o
ment, CO

of fine adjustment.

iable adjustment of alinement has been achieveq in
the fastenizgini;eiZev;Ztch Railways (Fig. 9) by means of eccentric bushesg o
bolts. The method relies on frictional grip, but has in Practice
i an:zgisfaction. Other methods giving generally a millimeter step in
gé;sZtment, include alternative and sometimes reversible rail clamps.,

Height adjustment is
usually by shims under the rail foot
or under the base plate. One milli-
meter is generally regarded as the
coarsest step permissible. It must
be remembered that the elastic ele-
ment takes up about half a milli-
meter at the adjusted fastener, to-
gether with smaller changes at ECCENTRIC
neighboring fasteners as the rail RING

redistributes reactions. Rubbe;bm?ed

Japanese developments are |
Proceeding with a thermo setting |
resin placed in plastic bags under ‘
the rail. Heating elements are ' I
incorporated in rail pPads located
above and below the resin filled Lqu«
bag like a sandwich. Heating )
electrically and with pressure
applied to the resin, the rail can
be held by wedges at any desired
height while the resin solidifies.,
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1y over such short portioms. Withoy
only

¥ uidance techniques, there ig

o ing g‘ N0 point in

e <lab surface than can reasonably be compensategaiini :or g e
fhe fastener. Here a resin mortar Seating can compenZatn ey g 2
held jndependently in correct position. B e

t entering discussiong on further im-

To hold the rails in position wit

h £
ded while a complete slab is cast, has someaigsgi‘;g:smdr:ncmr i 50 i
cates pouring and compacting the concrete. Nevertheless.at R:e::t:?r: g e
n con-

crete cross ties have been embedded in a slab cast ar
ly avoids all danger of shrinkage cracks passing thm:::dtktxze:i iIt effective-
which has been a principal cause for loosening of bolts. & s

For pre-cast slabs laid directly on the earth f
ormatio
a prepared foundation of weak concrete or stabilized ballast, th: ::r:::: s
accuracy cannot be expected to match that of a slab cast in place. Perhaps
the tolerances would be doubled to about 6 mm.

It is suggested that fasteners should be designed to allow from 10
to 20 mm of vertical adjustment depending on the type of slab. Coarse steps
of about 5 mm might be supplemented by provision for fine adjustment within
ranges of 6 or 7 mm.

Transverse adjustment is needed to allow for the various tolerances
and clearances. The Dutch Railways have found 6 mm either side of a central
position sufficient for bridge installations, but it may not be adequate in
other circumstances. The German Federal Railways prefer to allow 10 mm
either way.

Where slab track is installed with intent to introduce higher speed,
a rather special circumstance can occur. Often the full advantage cannot be
exploited immediately. Neighboring sections may still have to be upgraded;
rolling stock or signalling may still be awaited. On curves, the supereleva-
tion should really be changed at the time of introducing the higher speed,
rather than when the slab is laid. A proposed solution [10] is to cant the
slab surface to an intermediate angle and provide two levels of fns;e:inz::
which may be transposed at the appropriate time (Fig. 10). The ﬂ‘; °e P
mits correct inclination of the rails relative to canted rolling plane.

k is to reduce or avoid
e o, PR 81;Zv§:;cdirect cost of maintenance

interruption of traffic for maintenance. k. The cost
cannot generally justify the high capital investnent ir:o::.b Scononic justi-
of stopping or diverting traffic can, however, R s:rut':tion enabling
fication therefore depends very much on details of °°2,. trains.
maintenance adjustments to be performed quickly -
the rail to

In several designs, the adjustment ol haig:in?g:i;:? Hence, t0
be lifted well clear of its seating for changing lfmfaston‘rl must be freed.
correct a fault in level, a considerable number © it is in temsion, O il
The bow in the rail will be difficult to achieve :ir compression.
baps even more difficult to eliminate if it 18 u%

int is in relation t0 2

rack circuits. A wet slab

One practical po
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han cross ties, so the fastenerg
trical resistance t

surface offeﬁ i::zl:i:; and the form of their seating on the slap shoulq
should be we

avoid waterlogging.

e sometimes been encountered by holes for

praccii:;l‘ d:fiifui:i::ehgreb. A method of indexing Positions of
anchor bolts fmfl fn relative to fastenings must be evolv5d. Longitudinal
transverse reindor: dgsisned clearance of about 5 cm (say 2 ) from bolt holes,
reinforcing ?e:- :he inaccuracies inherent in positioning the bars or mats,
"E?Eﬂ'? ;? za:dling, overlap of bars, vibrating the concrete and any track
e
curvature.

he rail poses pProblems of drainage
A continuous elastic layer under t S
and on some metropolitan lines, electric cables of fairly large size are
required to pass under the rail at many places. A little forethOught in
fixing the minimum gap between rail foot and slab can spare awkward botching,

7. FUTURE TRENDS

share for guided, and automated land transport, It appears pre-eminent in
many cases for heavy traffic of ores and minerals and a necessity for passenger
transport where Saturation of other modes is reache > @s in the North East
Corridor in the U.S.A. and citjies throughout the world,

Heavy mineral traffic creates insistent demands for increasing axle
loads, which damage conventional track ang impose heavy burdens of maintenance.
Very short intervals for maintenance are Pre-supposed for any line justifying
slab construction, hence the fa

Steners must facilitate rail changing and any
adjustments,

Th Pects may be seepn in two major categories. Over
moderately long distances, high speeds are the Necessary inducement to the
customer, apnd with a tolerab]l
of track 8eometry,
capital investment
during Very short intervals.

In urban transport
tant role than particularl
Y high g
short OCcupations a¢ night £

urban lipeg demands less f ol | Ride Somfort at 8Peads on

tment, thap in high Speed lines.
In urbap eny.
fact legis]
shown that nNoise from

ironments, e
ation appears immi.
slab track need be p
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a concrete base [11].

ht by enveloping the r i
. improvement may be soug adl 4,
Poss1bledf3::1;§§g l;l:goperties. Restriction of air gaps is known ¢,
elast;omexiT Zi;h fﬁg in this regard the definite location of rails by direct
beneficial,
Ezstening is obviously convenient.

X : eeds, the very fine geometrical standard re-
= rilﬁtiogezz ?rlugllilczl:ed, ;nd in other cases the rate of deteriora-
quired of trac ta Methods of defining geometrical quality vary between dif-
tion is importan .PerhaPs it may be in order here and now to make a little
ferent rall;lays(-)RE which is committed to creating international standards
Propagan;la ao;ower,of Babel exists. A document [12] from ORE has proposed
ﬁiﬁiegnpzesentat ion of geometrical errors, as line diagrams, histograms
and power spectra. The opinion alone is offered here that remaining diffi-
culties due to differences in chord and intercept lengths can be overcome and
that the attempt deserves study for the following reason.

Research aimed at revealing the appropriate applications of slab
track needs strictly comparable measurements of geometrical standard for all
kinds of track, and sufficiently fine measurement to assess changes occuring
within a relatively short time of testing.

Apart from the stringent geometrical conditions implied by high
speed, the requirements of fasteners for slab track may be summarised for all
likely applications as ease and rapidity of any maintenance operations.

Much scope is offered

to inventiveness both in simplifying mainte-
nance and in achieving fine adju

stment.
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