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13 Relation between Lateral Displacement of the

Test Track and its Vertical Displacement.
(Wooden Ties were used, Statical Test)
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Fig. 14 Relation between Lateral Displacement of the
Test Track and its Vertical Displacement.
(Wooden Ties were used, Rotating Speed of the
Vibrator : 860 r.p.m.)
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Relation between Lateral Displacement of the

Test Track and its Vertical Displacement.

(Prestressed Concrete Ties were used, Statical Test)
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Fig. 16 Relation between Lateral Displacement of the
Test Track and its Vertical Displacement.
(Prestressed Concrete Ties were used, Rotating
Speed of the Vibrator : 860 r.p.m.)
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Fig. 17 Relation between Lateral Displacement of the
Test Track and its Vertical Displacement.
(Special Concrete Ties were used, Statical Test)
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Fig. 18 Relation between Lateral Displacement of the
Test Track and its Vertical Displacement.
(Special Concrete Ties were used, Rotating Speed
of the Vibrator : 860 r.p.m.)
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Fig. 19 Relation between Load on the Test Track and
Resistance to Movement in the Crushed Stone
Ballast.
(Wooden Ties were used, Statical Test)
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Fig. 20 Relation between Load on the Test Track and
Resistance to Movement in the Crushed Stone
Ballast.

(Wooden Ties were used, Rotating Speed of the
Vibrator : 860 r.p.m.)
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Fig. 21
Resistance to Movement

Ballast.
(Wooden Ties were used, Rotating Speed of the

Vibrator : 1390 r.p.m.)
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Fig. 22 Relation between Load on the Test Track and
Resistance to Movement in the Crushed Stone
Ballast.
(Prestressed Concrete Ties were used, Statical Test)
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Relation between Load on the Test Track and
Resistance to Movement in the Crushed Stone
Ballast.

(Prestressed Concrete Ties were used, Rotating Speed
of the Vibrator : 860 r.p.m.)
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Fig. 24 Relation between Load on the Test Track and
Crushed Stone Ballast.
(Prestressed Concrete Ties were used, Rotaing Speed
of the Vibrator: 1390 r.p.m.)
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Fig. 25 Relation between Load on the Test Track and
Resistance to Movement in the Crushed Stone
Ballast.
(Special Concrete Ties were used, Statical Test)
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¥Fig. 26 Relation between Load on the Test Track and
Resistance to Movement in the Crushed Stone
Ballast.
(Special Concrete Ties were used, Rotating Speed of
the Vibrator : 860 r.p.m.)
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MEASUREMENT OF RESISTANCE TO MOVEMENT
OF RAILROAD TIES IN THE BALLAST

By Dr. Eng., Kazuyoshi Ono, C.E. Member, and Tadaaki Naruse, C.E. Member

1. Preface

Sometimes the rails of track creep length-
wise as train passes and this movement of the
called which
results in the irregularity of the joint clearances.
Therefore,
adopted

rails is the creepage of rails,

have been
So—called

anticreepers are used most extensively and they

many arrangements

to prevent the creepage.
are effective to prevent the rails from the sli-

ding on the ties. But when the anticree-
pers are used, the ties move with the rails in
the ballast,

movements of railrcad ties in the ballast is of

therefore the resistance to the

great significance in preventing rails from cree-

page.
stances of ties has

Only the magnitude of the statical resi-
been measured for the
purpose of investigating the safety of the track
against buckling of the track. As the rails and
the ties are considered to move only when the
track is under the effect of vibration caused by
the running vehicles, the authors applied an
vertically vibrating force to a test track and me-
asured the resistance to movement of ties by
pulling the test track in the direction of rails
and the
statical resistance.

resistance was compared with the

2. Test Equipments

Test tracks were laid in a laboratory with
37 kg/m rails and with wooden or concrete ties
on gravel or crushed stone ballast (see Fig. 1).
Two types of concrete ties were used as shown
in Figs. 2 and 3, and the lower surface of the
We shall hereaf-
ter call the latter the special concrete tie. Another

latter had many depressions.

concrete ties were laid on the test track as a
weight and the number of ties was increased
A vibrator was fixed to the
test track and the vibrating force amounted 144

more and more.

kg and 377 kg, when the eccentric masses of
the vibrator were rotated at the following two
speeds, 860 r.p.m. and 1390 r.p.m. respectively.

The test track was pulled in the direction

of the rails by a gradually increasing force, and
the lateral and the vertical displacements of
the track were measured by dialgauges. The
surfaces of the ballast before and after the test
were photographed on the same film by a fixed
camera, to analyze the range of ballast affected
by the displacement of the track. It was found
that the ballast within a range up to 40 cm
ahead of the ties was moved by the lateral
displacement of the test track.

2. Measurements of Resistances

Resistances of the three kinds of tie to
movement in the crushed stone ballast were
measured. The curves shown in Figs. 5—12
inclusive denote the relation between the lateral
force applied to the test track and its displace-
ments obtained by statical and dynamical tests,
and the figures written at the side of each
curve show the load on the test track. It was
found that the relation between the logarithm
of the displacement of the track and its resis-
tance may be expressed by a straight line and
the resistance reached its maximum value when
the track was moved over 10 mm. The resis-
tance somewhat decreased when the vibrating
force was applied to the track, but the relation
expressed by the straight line was maintained
between the resistance and the logarithm of the
displacement.

Some examples of the upward displace-
ments of the test track accompanied by its lateral
displacements are shown in Figs. 13—18 inclu-
sive. As the upward displacements were nearly
proportional to those in the lateral direction,
the test track moved as if it was pulled along a
ascending slope. It was found that the upward
displacement decreased a little as the load on
the track was increased, as the vibrating force
was applied or as the concrete ties were used.
Most of showed that the
upward displacement amounted to 50—70% of

the experiments

the lateral displacement.
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Resistances of the test tracks at 0.3, 1.0
and 3.0 mm movements and their respective
maximum resistances obtained by statical and
dynamical tests under various magnitudes of
loads on the tracks are presented in Figs. 19—
26 inclusive. They show that the resistance
at each movement increases proportionally to
the load, and that the
increse of the maximum resistance is nearly

the magnitude of

twice the magnitude of the load on the track.
It has been concluded that such a rapid increase
is due to not only the frictional resistance bet-
ween the lower surfaces of the ties and the ballast
but the upward displacement of the test track.

The resistance of the test track under no
load was larger by 50% when concrete ties
were used than when wooden ties were used,
but the difference became less as the loads on
the tracks were increased for the reason that
the frictional resistances of the concrete ties
were less than those of the wooden ties. The
resistance of the test track with the special
concrete ties was much larger than that with
the wooden ties even in the case in which the
load on the track was increased.

The difference between the resistances of
the concrete ties and the wooden ties were
increased by the vertical vibration applied to
the test track, and the resistances of the special
concrete ties were more than twice those of
the wooden ties when the vertically vibrating
force was applied to the track. The difference
was as yet observed when the load on the
track was increased.

The resistance of the track to movement
in the ballast was decreased by applying the
vertically vibrating force on the track. When
the vibrating forces caused by the vibrator
rotating at speeds 860 r.p.m. and 1390 r. p. m.
were applied to the test track with wooden ties,
the vibrating forces amount 28% and 74% res-
pectively of the weight of the test track, but
the resistances of the track to movement were
decreased by 50% and 70% respectively. It is
worthy of notice that the amount of the decrease
of the resistance exeeded the ratio of the vib-
ratting force to the weight of the test track, when
the vibrating force was small.

The effect of the vibrating force was reduced
by increasing the load on the track. When the
vibrating forces caused by the vibrator rotating
at speeds 860 r.p.m. and 1390 r.p.m. were
applied to the test track with concrete ties, the
resistances of the track to movement were decre-
ased by 409% and 50% respectively, and the
similar condition as the above was observed.
When the

vibrator rotating at a speed of 860 r.p.m. was

vibrating force caused by the

applied to the test track with special concrete
ties, the resistance was decreased by 20%, and
as the load on the track was increased, the
decrease of the resistance became lesser.

The resistance to movement of the test track
with wooden ties in the gravel ballast was also
It was found that the
obtained by the statical test in the gravel ballast

measured. resistance
was about two thirds of that in the crushed
stone ballast, but the difference became lesser
when the vertically vibrating force was applied.

4. Conclusions

As the resistance to movement of the test
track in the ballast increased materially when loads
were imposed on the track, it is concluded that
the track of the railroad can be hardly moved
in the ballast under the wheel loads of the vehi-
cles. As the resistance was greately diminished
by the vertically vibrating force which was
applied to the test track, and considering that
the vibration generated in the railroad track by the
running vehicles is far greater than that applied
to the test track, it is easy to conclude that the
ties are liable to rnove in the ballast when the
track is somewhat lifted between the fore and
The authors
had already observed and reported that the rail

the rear trucks of the bogie cars.

crept only when the coaches or the bogie wagons
were passing by.

To prevent the rails from creepages it is
more effective to use concrete ties, than to use
wooden ties, and the effect will be increased
by appending many depressions on the lower
surface of the concrete ties. It has been gene-
rally said that the resistance in the crushed
stone ballast is larger than that in the gravel
ballast in the case of applying vibrating force,
but this is not verified by the measurement.





