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Technical Meeting of the Institution
held at

The Institution of Electrical Engineers
Tuesday, January 12th, 1954

The President (Mr. T. AUSTIN) in the chair

After the minutes of the Technical Mecting held on December
17th, 1953, had been read and conflirmed, Mr. R. L. Cant, Mr. N. W.
Bernard and Mr. E. ]. Harris, present for the first time since their
election to membership, were introduced to the meeting.

The President, in cxtending a hearty welcome to those
present said that he was sure they would be very interested in the
paper, and he hoped that many would join in the discussion to
follow. e then called upon Mr. J. P. Loosemore to read his
paper on “* Level Crossing Protection.”

Level Crossing Protection

By JACK P. LOOSEMORE (Mcmber)

Dragrams—Inset Sheets Nos. 1-8

Introduction

Roud users in the United Kingdom know from cxperience,
the feeling of utter frustration that descends upon them whilst
they are kept waiting at a railway level crossing for what scems
inevitably to be, the goods train which will sooner or later puff
into view and pass slowly over the railway in front of them. Even
after the train has cleared the intersection, a lengthy period
seems to clapse before the crossing keeper sees fit to open the
gates to permit the road users to continue their journey without
further hindrance. In their impatience, the road users overlook
the fact that the arrangements provided at level crossings are
designed primarily for their protection and that the delays which
they encounter, inconvenient though they might appear at the
time, are considered essential to their own well-being.
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In some instances, of course, the road users have a legitimate
grievance. One such occasion occurred some months ago when a
train from Lincoln to Derby stopped on the crossing at the
Nottinghamshire village of Lowdham and stayed there for forty
minutes on a busy Saturday afterncon whilst the driver and
fireman had an argument as to whether the train should proceed
or not. Happily, such lengthy delays are most unusual ; it must
be admitted, however, that at times even the normal period
during which road traffic is kept at a standstill at level crossings,
appears excessive.

Nevertheless, whether the delay be short or long, let one
accident occur at a level crossing and a public cutery invariably
ensues. The matter thereafter hecomes sometimes one of local
importance and sometimes one of National interest. From the
unfavourable criticisms then levelled in the Press and more often
than not the questions that are subsequently raised in the House
of Comumions, it is evident that the general public is of the opinion
that the safety devices provided and the precautions taken at
level crossings, leave some room for improvement. This, despite
the fact that the number of accidents which occur annually at
such locations and the casualties incurred thereby, are insignificant
when compared with those experienced daily on the roads.

The need for providing adequate protection to safeguard the
movement of rail and road traffic over level crossings has of
course, existed since railways first came into being. Except
insofar as a few details and particular layouts are concerned, the
design of the crossing equipment installed in the United King-
dom is substantially the same as it was 100 years ago. In other
countries, however, the design of the safety devices for use at
such locations has undergone considerable changes over that
period of time.

The primary object of this paper is to analyse the level cross-
ing arrangements at present obtaining in the United Kingdom
with the view to considering whether any benefits can be derived
by the adoption of some of the features of the arrangements
employed elsewhere. To this end, the paper has heen subdivided
into three parts, viz .—

Parr 1 Level crossing arrangements in the United Kingdom.,

Parr 11 Level crossing arrangements outside the United
Kingdom,

Pawr III  Possible improvements to United Kingdom practice,
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LEVEL CROSSING ARRANGEMENTS IN THE UNITED
KINGDOM
Types of Crossings
In the United Kingdom, the level crossings can be classified
roughly under three headings as follows :—
(i) Public Road Crossings
These number approximately 4,450, some 4,080 of
which are equipped with manually attended gates.
(i1) Private Accommodation or Occwpation Crossings
Of these there are a total of approximately 22,600. By
far the greater proportion of them are of the ficld-to-field
or " accommodation ” type. The next in order of mag-
nitude are the farm or private estate to public road or
“occupation V' type. At such locations unattended
gates arc provided.
(1) Footpath Crossings
No statistics are available to show how many of these
are in existenee.

Ministry of Transport Requirements

The protective arrangements to be provided at the various
types of crossings are prescribed by the Ministry of Transport
under Clauses 57-60 inclusive of the publication issued by them
entitled ““ Requirements for Passenger Lines and Recommenda-
tions for Goods Lines.”

Although the design of signalling apparatus in general has
been changed and has been improved, sometimes beyond all
recognition since the railways were first constrocted, it is sur-
prising to find as mentioned earlier, that the same cannot be said
about the equipment installed at level crossings throughout the
United Kingdom. The road surfaces over such crossings un-
doubtedly have been improved in recent years to such an extent
that they are in fact in most instances, level in the true sense of
the word. The manner in which traffic movements are protected
and the appliances that are used in conjunction with such arrange-
ments are however, virtually the same as those employed when
the problem first arose.

This state of affairs should not be regarded as a reflection on
the ability of the Signal Engineers of this country to move with
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the times nor should it be taken as an indication that those
gentlemen are satisfied that the British practice in respect to
level crossing protection cannot be improved upon. Their hands
are tied in this matter by virtue of the fact that the protective
arrangements to be provided are governcd by the following
laws :—-

(1) The Level Crossings Act of 1839.

(il The Railway Regulation Act of 1842,

(iil) The Railways Clauses Consolidation Acl (Paragraph 47)

of 1845.

(ivi The Railway Clauses Act (Paragraphs 6 & 7) of 1863.

(v) The Light Ratlways Act (Paragraphs 24 & 25) of 1896,

Those laws are still in force today ; the Ministry of Trans-
port’s Requirements and Recommendations merely amplify the
legal essentials. Legislation would therefore have to be intro-
duced in order to cnable the Signal Engineers of the British Rail-
ways to abandon the old methods and to supersede them by the
more modern contrivances that are now available,

Railways’ Concern

There can be no doubt that the railways themselves regard
level crossings with disfavour since they are responsible for the
erection and maintenance of the protective equipment and bear
the full costs incurred thereby. They must certainly be very
apprehensive too as to the suitability of the existing protection
arrangements at some of the crossings. With the increased
weight, speed and density of the traffic now prevailing on the
roads and particularly the heavier tractors and appliances used
on farms, the very real possibility exists of a train coming into
collision with a vehicle on a crossing and being derailed. At one
time, the train could have been expected to hold its own in such
an eventuality ; the risk today however, is very great as a
serious accident involving heavy casualties to the railway
travellers, could occur despite the comprehensive and sometimes
elaborate precautions taken by Signal Engincers to safeguard the
passage of trains over other parts of the raillway system. Prov-
identally to date, the number of railway passengers killed as
a result of level crossing accidents has been negligible ; never-
theless, the potential danger should not be overlooked.
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Level Crossing Accidents

[t is unquestionably a fact that in the majority of cases,
accidents at level crossings are caused by the foolhardy and
negligent behaviour of the road users themselves or by a mistake
on the part of the personmel responsible for the opening and
closing of the gates. In very few instances is the equipment
found to be at fault.

In order to view the position in its correct perspective and to
appreciate the effectiveness of the safeguards provided, it is
necessary to study the statistics in regard to accidents that
occurred at level crossings in the United Kingdom during the
years 1947-1951 inclusive. The figures given below have been
extracted from the Annual Reports of the Chief Inspecting
Officer for Railways to the Minister of Transport in regard to
Accidents on the Railways of Great Britain.
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Analysing these figures it will be seen that during the five
years under revicw —
(i The total number of persons killed was 190 {average 38
per annumy.
{ii} The total number of persons injured was 225 (average
43 per annum).
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During the same period the accidents reported on the roads
in the United Kingdom resulted in 24,429 persons killed {average
4,886 per annum) and 889,764 persons injured (average 177,953
per annum). The level crossings therefore compare very favour-
ably.

At this stage it may possibly be worth while to examine the
arrangements at present obtaining in regard to crossings in the
United Kingdom.

Public Road Crossing Arrangements

At all public road crossings, the railways are legally obliged
to provide and maintain suitable protective arrangements to
enable the public to use the crossings in safety.

Except in comparatively few instances, generally where
light railways only are concerned, gates are provided at all such
locations.

The gates are usually desigried somewhat on the lines shown
in fig. 1 and are of substantial wooden construction, the lower
portion of each sometimes being covered with large mesh wire
netting or expanded metal. They are painted white and some-
times carry a red target approximatcly 3-ft. in diameter and a
red lamp. The targets and lamps are arranged to show in both
directions along the railway and along the roadway according
to the position of the gates ; it is not essential however, for them
to be displayed to the railway if there are * stop ™ signals pro-
tecting the crossing. On skew crossings the lamps, if required
to show in both directions, are fitted with mechanical revolving
gear actuated by the movement of the gates which automatically
faces them in the right direction. The targets and Jamps are a
comparatively new requirement, since they would appear o have
been first called for by the Ministry of Transport in 1925. It would
seem that the railways are under no legal obligation to provide
them on crossings over railways constructed before that date,
which probably explains why they are not found at all level
crossings. In their absence some Regions, if there is a street lamp
in the proximity of the crossing, arrange with the local authorities
for the lamp glass facing the oncoming road tratfic to be coloured
red.

At crossings over very busy roads, red reflectors are some-
times fitted on to the gates to enable them to be picked out by
motor car headlights; it is usually left to the Highway Authorities
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to supply and fix these however, at locations where they consider
them to be desirable,

The gates are hung on square shafts supported in footstep and
top metal bearings {in some cases adjustable) fixed to heavy
posts sunk into the ground. Provision is made for adjusting and
raking the weight of long gates by means of diagonal tie rods and
adjusting screws. Ifor movements of up to 90° an adjustable half
crank is usually fitted on to the square gate shaft, to which the
gate operating rod is connected below the road level, If a move-
ment of over 90° is required, a rack and pinion device is employed
in liew of the half crank ; such an arrangement is in fact preferred
by some engineers for all gates irrespective of the angular motion,

As a general rule the gates are kept normally closed across
the roadway and open inwards towards the railway. In special
cases however, permission is granted by the Ministry of Transport
for the normal position of the gates to be across the railway.
Whichever arrangement is adopted, the gates have to be worked
either from a signa! box or by an attendant, unless they are
normally across the railway and authority has been obtained for
them to be opened and closed by trainmen.

Except in special circumstances, the gates are interlocked
with the signals ; at busy crossings ** stop ” as well as * distant ”
signals are provided, whilst at the lesser irnportant ones worked
“ distant "' signals are sometimes considered adequate. Fixed
““ distant ” signals are only permitted for those crossings at which
the gates are worked by trainmen, but even so, the Ministry of
Transport prefer suitable distant warning notices, illuminated at
night for such locations.

When worked from a signal box or gatekeeper’s lodge by
means of rodding, it is customary to open and close the four gates
for a crossing simultanecusly. The manner in which the con-
nections are made varies according to the preference of the
Region concerned, but the arrangements depicted in fig. 2 will
serve to illustrate the principles involved. In instances where
the width of the line exceeds that of the roadway, special methods
have to be adopted and it is then usually arranged for the gates
to overlap when closed against the road traffic; the reverse of
course, also applies. This is generally achieved by operating two
of the gates in advance of the other two, either by having a
separate drive for each pair of gates or by incorporating suitable
escapement gear in the connections.
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1}-in. diameter solid rodding or 1}-in. bore piping is usually
employed for the gate operating connections. As the rodding has
to be run below road level, it is necessary for it to be protected by
some means. The general practice is to lay the runs in concrete
troughing covered either by concrete slabs or by metal plates. An
alternative mcthod is to run the rodding in an oil filled pipe
equipped with stuffing boxes and glands at each end, the pipc and
rodding being buried direct in the ground. With such an arrange-
ment the rodding being oil immersed, requires no maintenance
and functions very freely.

Although gate rodding is more substantial than that used for
point operation, it is still not rigid enough to hold the gates firmly
in position when opened or closed. This is probably due to the
fact that the gates are worked from the hinges and that con-
sequently because of leverage, they are eusier to move from the
toes. For this reason stops are provided to secure each pair of
gates. Lach stop comprises a back member which is used as a
huffer to prevent the gates being carried too far by their own
momentum, and a front member, the purpose of which is to lock
the gates against the back member. Means have to be provided
fo prevent the road stops rising to form an obstruction which
could cause injury to the road users, and for this reason it is
usually arranged for them to remain down until the gates are
almost closed.

At one time it was fashionable o use what are known as
detector stops, these being designed to detect mechanically the
presence of the gates before permitting the lock lever te be put
normal to free the signals. These would appear to have gone
out of favour for general use but they are however, still employed
for powcr operated gate schemes since they can be used to cut off
the supply to the gate mechanisms at the appropriate time.

A total of four stops are used for each crossing, two in the
roadway and two in the railway on each side of the crossing. As
a general rule all four stops are worked from one lever, the two
road stops being raised when the two rail stops are lowered and
vice versa.

For rod worked gates that arc operated mechanically, two
types of gate wheels are in common use. One is of the capstan
type which comprises a set of toothed gear wheels engaging with
a rack quadrant attached to a vertical crank. The other is of the
horizontal screw type in which the wheel is attached to a screwed
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shaft on to which is threaded a nut which is provided with
trunnions to engage with a fork in the end of a vertical crank.
With both types the rodding is taken off from the vertical crank,
The gate wheels are mechanically interlocked with the gate stop
lever and in general practice are fixed at the end of the frame
nearest the crossing to enable the signalman to obscrve the road
traffic.

To open the gates, the stop lever is moved to its first notch ;
this action lowers the road stops and allows the rail stops to rise
in readiness to receive the gates. The gate wheel then becomes
free and the gates can therefore be moved into pesition across the
railway. When the gates are fully opened, the stop lever is moved
fully to its reverse position, thus locking the rail stops and back
locking the gate wheel. A similar sequence of movements is
followed for closing the gates, except that the road stops will not
rise until the gates are nearly home.

For gates at very busy crossings, power operation is some-
times emploved. To obtain satisfactory results, it is necessary for
the operator to have full control during the whole time in which
the gates are in motion in order to allow for the varying conditions,
such as the inertia of the gates, windage, cte. It not properly
controlled, the gates with a high wind will slam in one direction
and will not close properly in the other. Remote control is not
advocated.

Electric oil gate machines have been used at a number of
crossings with successful results.  They provide flexibility of
speed control without elaborate clectrical gear and are designed
to enable the motion of the gates to be reversed at any time should
an obstruction be cncountered,  Gates have also been worked
satisfactorily at somae locations by all-electric, all-pneumatic and
electro-pncumatic means,

Where gates are opened and closed by hand, they have to be
secured by a latch or some other means and arrangements must
then be provided to prevent the latch being dropped in until the
gates are actually in position. The controlling lever is then placed
normal which baclk locks the latch, an electric lever lock and
controller generally being used for this purpose.

Wicket gates are provided lor pedestrians unless an over-bridge
or under-bridge exists. Thesc are usually of the self-closing type
and locked from the signal box by means of chain or slotted link.

D
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A separate lever is generally employed for each gate to eliminate
the possibility of pedestrians being locked in the crossing.

In electrified areas, where third rail and fourth rail traction
systems are employed, it is of course, necessary for the traction
current rails to be cut back clear of a level crossing to prevent
injury to road users. Where an overhead fraction system is used,
it may sometimes be desirable fo erect danger notices across the
roadway to show the headroom clearance afforded by the catenary
wires,

Where an attendant is placed in charge of a crossing between
block posts, a block repeater is usually provided in the gate-
keeper's lodge. This sometimes merely takes the form of a bell
placed in parallel with the block circuits thus enabling the attend-
ant to hear all codes which are exchanged between the adjacent
signal boxes so that he can be prepared for approaching trains.
Visual indicators are preferred however, in order to preclude the
possibility of the attendant misunderstanding the codes trans-
mitted. In any case, at such locations British Railways Rule No.
100 requires the attendant to satisfy himself that no train is
approaching before placing his rail signals to “ caution” or
“ danger.” Approach locking is seldom if ever, employed to
prevent the replacement of the ** distant ' signal after a train
has come within sight of it or has passed it. In addition, British
Railways Rule No. 106 stipulates that the attendant must
satisfy himself that his signals are working properly. If they are
out of sight, arm and light indicators are therefore usually pro-
vided in the gatekeeper’s lodge but indication locking is never
used.

At crossings carrying dense road traffic, traffic light signals
of the conventional pattern are sometimes installed to give
warning to road users that the gates are about to be closed. These
are provided by the railways in conjunction with the Highway
Authorities and are of course, a comparatively recent innovation.
Fig. 3 gives a typical circuit arrangement, From this it will be
seen that assuming the gates are closed across the roadway and it
is wished to open them, the initial movement of the gate stop
lever to its reverse check lock or “ D™ position will cause an
amber-red aspect to be displayed in the traffic signals, and will
{ree the gate operating gear. This condition will be maintained
until the gates are fully opened and the gate stop lever has been
moved to its full reverse or “ R position, whereupon the
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amber/red aspect will be replaced by a green one. To close the
gates once more, the gate stop lever must first be moved to its
reverse lock or “ E 7 position ; this will result in the de-ener-
gisation of the " DR and will cause an amber aspect to be
displayed in the traffic signals, but the gate operating gear will still
be locked. After a predetermined time (usually 3-4 seconds) the
“JR " will become de-energised and the light signals will display
red aspects. When this condition has been proved, the gate stop
lever can be moved to its normal check lock or *“ B " position to
free the gate operating gear. With the gates fully closed, the gate
stop lever can be restored to its full normal or “ N ™' position to
free the rail signals, the road signals being maintained at red.

It is understood that in practice motorists and cyclists ofter
try to beat the lights when the gates are being opened. This is no
doubt, because of the length of time during which the amber-red
aspect is displayed.

A very important adjunct to level crossing protection arrange-
ments is the provision and correct positioning of advance warning
signs on the railway and on the roadway to ensure that the users
of both will have prior notification of the need for care and
vigilance when approaching a crossing. In the paper entitled
* Railway Level Crossings ” which Mr. F. Horler presented to
the Institute in 1927, emphasis was given to the need for road
signs to be of a standard design so that all who see them will
recognise their import. Since that date, International road signs
have been agreed upon and adopted throughout the United
Kingdom.

On the rail approaches to gated public road crossings the
“stop ™" and/or ** distant *’ signals of course, provide the advance
warning to locomotive drivers. On the road approaches to such
crossings the standard warning sign shown in fig. 4 {a) is provided
by the Highway Authorities. This conforms to the requirements
of The Traffic Signs Regulations Act of 1950 and is commonly
used on the Continent of Europe. Reflectors are incorporated in
the road signs where considered desirable,

On the rail approaches to ungated public road crossings, speed
reduction and whistle boards are provided by the railways to
meet the Ministry of Transport’s requirements. On each road
approach to these crossings a warning sign of the type shown in
fig. 4 (&) is placed at least 150 yds. from the crossing by the High-
way Authorities. A further warning sign bearing the legend
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*“ trains cross here 77 as shown in fig. 4 (¢) is fixed immediately on
each side of the crossing by the railways. It is the Highway
Authorities’ responsibility to ensure that the good view of the
railway is given in each direction on each road approach.

The level crossing arrangements recently installed by the
North Eastern Region at Warthill constitute a major change in
British practice and could form the basis of modernisation else-
where. At that location experimental mechanical lifting barriers
have for the first time in the United Kingdom been installed on a
level crossing of a railway and public road, the arrangements
being as shown in fig. 5. The road crosses the railway at an angle
of 30° from normal ; the crossing is protected by “ distant ™" and
“home " signals and there arc an average of 20 trains and 100
vehicles per day over it. It is understood that steps were taken
to legalise the use of barriers by Section 72 of the L.N.E.R. Act
of 1947.

The two 30-It. barriers are of tubular steel construction, each
12-in. in diameter at one end tapering to 3-in. diameter at the
other and equivped with a fringe made up of light alloy rods,
The barriers are painted white and the fringes black and white.
Reflectors are placed at 2-ft. intervals along the barrier arms.
The barriers arc slightly over-counterbalanced so that they will
risc to an angle of 457 if disconnected and are supported on welded
steel pedestals. They are controlled mechanically from a gate
wheel in the adjacent signal box through a rack and pinion move-
ment, the connections being suitably guarded.

The two barriers have replaced four gates and consequently
there has Leen a reduction in the number of connections to be
made with the result that a saving in maintenance costs should be
effected. Th: barriers have been arranged to work in opposite
directions in order to balance out wind resistance. Furthermore,
their positioning 1s such that if a road vehicle should run into
them and bend them towards the railway, a train would trail
pass them. Arrangements are provided for detecting and locking
the barriers in the horizontal posiiion Lefore the rail signals can
be cleared. Wicket gates have been retained for the use of
pedestrians.

In addition to the barriers shown in fig. 6, the {ollowing pro-
tective devices have been provided :—

{#) Standard advance road warning signs,
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() Two revolving *‘stop " boards 3-ft. in diameter illuminated
at night placed 11-[t. above road level one on each side
of the crossing [acing the road traffic. These are controlled
by a lever in the signal box and rotate through 80° so that
they only face road trailic when the barriers are about to
be lowered. They arc only floodlit when facing the road.

(¢) Six red lights, three on cach side of the crossing. Once of
these is placed in the centre of each barrier arm and ilumin-
ated whilst the barrier is being lowered and ail the time
that it is down

The other four are fixed in two pairs, one pair on each
side of the road. The lamps of each pair are placed
side by side 10-ft. above road level on the ' stop ™ heard
post.  These are arranged to flash alternately at 1 sec.
intervals whilst the Larriers are being lowered ; when the
barriers are detected and locked in position, one lamp of
each pair is extinguished whilst the other is left steadily
illuminated.

(d) Floodlighting designed to illuminate the crossing during
hours of darkness.

{e) Cattic grids at each side of the roadway over the crossing to
prevent animals from straying on to the lines,

(f) Trickle charged batteries for lighting the red lamps as a
precaution against power supply failure.

It is understood that the Ministry of Transport have indicated
that they are satisfied with the arrangements and that in fact they
consider them to be unnecessarily elaborate in certain respects.

Private Crossing Arrangements

At accommuodation or cccupation crossings the railways are
legally obliged only to maintain the fencing and gates and the
roadway between the gates.

At such locations single span wooden gates and cattle grids
are provided. The gates are always hung so as to open away from
the railway aund are usually of the self-closing type. It is the
crossing user’s responsibility however, to ensure that they are
closed properly ; warning notices are invariably fixed on each
side of the crossing to draw attention to the fact that a fine of
40/- will be incurred by anyone found guilty of leaving the gates
open.

Furthermore, it is the user’s responsibility at all times to
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satisfy himself that conditions are safe for him to proceed across
the railway before commencing to do so. In some instances
telephones are provided to enable crossing users to contact the
nearest signal box at any time in order to ascertain whether it is
safe for them to use the crossing.

The gates are usually set back from the railway in order to
provide a safety bay for any vehicle that might become trapped
within the crossing. In practice however, it is very often found
that these do not give sufficient clearance for the modern types
of farming appliances in use today. Likewise, the gates although
providing adequate openings for their original purpose are often
barely wide enough for the combined harvesters, etc., that have
to pass through them now. Users are therefore encouraged to
open the gates on both sides of the crossing and to make certain
that the gate openings are wide enough before taking their
vehicles over.

British Railways Rule 1075 requires stationmasters to request
and encourage users of accommodation and occupation crossings
to notify them when heavy appliances are about to be taken over
the lines so that suitable precautions can be taken by the station
operating staff. It is understood that in general the crossing users
co-operate in this respect ; there would appear to be no legal
obligation however, for them to do so and it is not clear as to
whether any action could be taken against them should they fail
to follow this course.

An accident which occurred at Court Sart Farm occupation
level crossing on the Western Region on the 9th October, 1952,
typifies the problems that exist and the dangers that are ever
present at crossings of this type. On that occasion a heavy
articulated motor lorry which was being driven over the crossing
had stopped with its rear end on the track. The driver had
opened both gates in the approved manner but had had difficulty
in negotiating a passage through the far side gateway. The gates
were set well back but the safety bay was too short for the lorry
to stand clear of the line. A few seconds after the lorry had
stopped a passenger train travelling at 40 m.p.h. struck it and was
completely derailed, the engine falling over on its side on the foot
of the embankment. Although telephonic communication with
the nearest signal box was available, the lorry driver was unaware
of the existence of same and had not therefore enquired as to
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whether it was safe for him to take his vehicle across. Fortunately
there were no serious casualties.

It is understood that at such locations the railways are always
willing to widen the gates to suit the modern requirements pro-
viding the users meet all expenses incurred by the change. If the
railways decide to install additional equipment to safeguard such
crossings, they legally accept responsibility and admit liability
for any accidents that might occur at such locations thereafter.

In the Report which Messrs. G, Matthews and S. Williams
presented to the International Railway Congress Association in
Stockholm in 1952, it was stated that over 700 of these occupation
crossings carry rtoad traffic greatly differing in volume and
character from that for which they were originally provided, also
that over 200 of them have become in substance, though not
legally, public crossings. The problem is certainiy a very complex
one.

Part II

LEVEL CROSSING ARRANGEMENTS OUTSIDE
THE UNITED KINGDOM

From the following survey of the methods adopted in other
parts of the World, it might be assumed that the majority of the
level crossings are protected by means of the devices of which
details are given. Such an inference would be quite incorrect. In
actual fact, by far the greater proportion of the crossings are of
the open type equipped ouly with fixed warning signs on the rail
and road approaches to them. In order to provide a comprehen-
sive picture of the position obtaining abroad, Appendix A" to this
paper shows the extent to which protection is employed in many
of the countries.

U.S.A. Practice

Judged on modern standards, the United States of America
have probably the most up-to-date system of crossing protection
in service at the moment. It is interesting therefore, to study the
developments which have led to their present day devices, some
of which can be seen in fig. 7. It should be remembered that in
the United Kingdom railway tracks have been fenced in since
their inception. Where railfroad crossings occurred therefore, the
natural solution for protecting movements over them, was to fill
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in the gaps in the fences by providing gates. In the United States
of America however, the railways go for miles over open territory
without any fencing whatsoever and consequently when the need
for level crossing protection became evident it would have been
illogical for gates to be used.

In the early stages a man on horseback preceded each train
and the railways werc content to rely upon him to provide
adequate warning for road users at level crossings. Later, arrange-
ments were made for an attendant with a red flag and red lamp
always to be stationed at the more important crossings.

The first hand operated barrier was introduced circa 1870
and around that time a variety of road warning signs began to
appear bearing legends such as ** stop, look and listen,” or ** look
out for locomotive.”

The year 1889 saw the introduction of the automatic crossing
Dbell,

The first automatic flag man or * wig-wag ™ signal was
developed in the year 1913. This device is shown in fig. 8 and
indicates the approach of a train by swinging a red banner upon
which appears the word ““stop " and by displaying a red light
attached to the end of the banner. The arm to which the banner
and light arc attached swings out away from its support at the
rate of between 30-45 per minute and is intended to simulate the
action of a man swinging a red lamp. When no train is approach-
ing, the banner is held between two screens on which is painted
“look, listen 7 or other suitable inscription and the lamp sus-
pended from the banner is extinguished. The oscillating portion
consists of two electro-magnets which are alternately enecrgised,
the motion thereby given to the armature being transmitted to
the banner, The motion of the banner itself actuates a circuit
controller which causes the magnets to be alternately energised.
The banner when in the proceed position and out of sight behind
the screen, is held there by means of a latching device actuated
by a third electro-magnet which is energised to give the proceed
indication. This signal is designed to give a right side failure.

By 1923, the number of warning devices in service were
numerous. Some attempted to scare the drivers into stopping.
whilst others were designed to wreck their cars if they did not
stop. The Signal Section of the Association of American Rail-
roads, appreciating the greater hazards that then existed,
attempted to restore order out of chaos by standardisation. In
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that year they recommended “That an electrically or mechanically
operated signal used for the protection of highway traffic at rail-
road crossings shall present towards the roadway, when indicating
the approach of a train, the appearance of a horizontally swinging
red light and/or disc.”

After a further survey in 1930 the Signal Section of the A.AR.
found that 60 different devices were still being used on the various
railways. Realising that for all types of protection it is essential
to educate the public in the proper observance of the devices
provided and that to this end the situation must be simplified
by standardisation in methods, equipment and practice wherever
possible, a joint committe was set up to cxamine and co-ordinate
practices between railways and public authorities. They found
that two signals were gencrally favoured, the ' wig-wag ” and the
flashing light signals. These were therefore recommended.

Since 1930 the ** wig-wag " has dropped out of favour with the
result that today practically 100 per cent use is made of two
horizontal lights flashing alternately ; no doubt because of the
simplicity of such an arrangement and its absence of moving
parts. The lamp units are always fixed at 30-in. centres and
provided with 20-in. diameter backgrounds. The speed of flashing
is between 30 minimum or 45 maximum flashes per minute.
Again, this timing is based upon the desire to make the lamps
correspond with the appearance of a swinging red lantern. The
timing is considered by some to be too slow to be effective as it is
their contention that a faster moving light would attract the
attention of motorists more eflectively.

Rotating stop signs are used in some States and barriers in
all States where considered necessary as adjuncts to the flashing
lights.

Light Units

The light signals arc considered the essential part of the
protective equipment. Originally simple devices with small
5%-in. diameter lenses were employed. They were not very
efficient optically but still adequate for the type of traffic that
existed at that time.

With the increasc in volume of road traffic and the higher
speeds attained cn the railways, a stronger indication and better
close-up indication was found to be necessary. Thus in 1930 the
design was amended to incorporate a different type of optical
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system using reflectors with a backlight attachment suspended
below and at the back of the main unit so that motorists could
get a close-up indication by looking at the signals located on the
far side of the crossing.

Since then the designs have been further amended to give
even greater beam intensity. The present design is shown in
fig. 9 and is equipped with a 832-in. diameter roundel to give
30° horizontal spread and an indication having a beam candle-
power of cven intensity at any angle up to 10° on either side of
the axis, the range at any point within the 20° angle under bright
sunlight conditions, with the sun at or near the zenith, being not
less than 1,500-ft. When these more powerful units became
available, there was also established the practice of having
four of these units facing approaching traffic, two on the near
side of the crossing to the right of the roadway and two on the
far side of the crossing and the roadway, Consequently every
signal now has a counterpart as a backlight and there should be
no excuse for a driver to miss the warning.

The lights are mounted not less than 7-ft. nor more than 9-ft.
above road level. Where conditions make it necessary for signals
to be mounted at higher levels, say on 20-ft. cantilever structure,
special glassware is provided.

The lamps most commonly used for these units are 10 volt
18 watt single filament, although 11 volt 1T watt single filament
lamps are sometimes employed. Regular inspection by railway
personnel and the use of high quality signal lamps are the only
precaution taken against lamp failures. All light units however,
have clear sidelight windows facing rail traffic so that locomotive
drivers can observe that they are working correctly and if
necessary, report failures,

Electric Bells

Electric bells are provided at some level crossings to augment
the light signals. The size and range of such bells is determined
by local conditions. They are usually regarded unfavourably in
residential districts. The higher speeds obtaining today on the
roads and the increased use of closed cars diminishes the ad-
vantages to be obtained from bells for motorists. Bells are
chiefly beneficial to pedestrians and children.
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Assembly Details

The light units as mentioned previously, are fixed in horizon-
tal pairs at 30-in. centres. They are mounted on a 4-in. or 5-in,
outside diameter post, as shown in fig. 10, the post and fitlings
being painted white or aluminium except for the light unit display
boards which are painted matt black.

The posts also carry a number of legends. At the top of the
assembly a railroad crossing sign is provided. This is known as a
cross buck sign and is believed to owe its origin to the fact that
earlier signs portrayed a skull and crossbones to frighten people
into obeying the signal displayed.

Where multiple track is concerned, a further sign is fixed
between the cross buck sign and the light units to indicate the
number of tracks to be crossed. This is considered to be very
desirable since motorists waiting for a train to pass, might
proceed as soon as they see it clear the crossing without bothering
to look at the lights to see whether their path is actually clear,
The sign therefore serves as a reminder that even though one
train has gone, another might be approaching from the other
direction.

Finally, a sign is fixed below the light units to warn road
users to stop if a red lamp is alight even though it may not be
flashing. This is because flasher relays are used to operate the
light units and the circuits are so arranged that should the flasher
relay fail to start operating, one of the lamps will be continuously
lighted. If the lamps are flashing or if one lamp only is alight,
the road users know that a train can be expected.

Reflectors or reflective materials are incorporated on the
signs where considered desirable,

In some instances the stop on red signal sign is replaced as
shown in fig. 11, by what can be regarded as a 4-aspect signal
with four red lenses bearing the letters 5, T, O and P respectively.
1t is usually arranged for these to be illuminated intermittently in
unison with the flashing light signals.

A bell, if required, is mounted on the top of the post with the
face of its gong parallel to the roadway.

A minimum of 20 to 30 seconds warning is given for maximum
speed trains on single or double track. Where there are more
tracks or the road and railway meet at an acute angle, the
minimum time is extended to permit slow moving road vehicles
to clear the crossing. The signals operate until the rear of the
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train clears the crossing. Unless speed measuring circuits are
employed, trains moving at less than maximum speed will
lengthen the warning period. Usually warning times in excess
of one minute are considered objectionable where road traflic
is heavy.

The essence of good protection is a short warning period,
the road users being educated to realise that immediate response
to the warning is essential,

Barriers

A barrier as used in the U.5.A, can best be defined as a light
wooden arm moving in a vertical plane which is lowered across
all or part of the road as a psychological barrier to road trafhic,
Its construction is such that it can be broken easily by a road
vehicle, as can be seen from the detuils given on fig, 12,

The barriers are arranged either for mechanical or power
operation. In general, the former is used where a keeper is in
attendance at the crossing, Manually controlled barricrs may
extend fully or partly across the road depending upon the width
of the road and other factors.

Automatic barriers arc used solely as adjuncts to flashing
light signals, and they extend over only half the roadway. Two are
provided at each crossing location, ene on each side of the cross-
ing facing the approaching traffic. It is not considered desirable
for such barriers to span the entire roadway because of the likeli-
hood of shutting a car in the crossing and the possibility of a
motorist in such an eventuality not having the presence of mind
to crash through the barrier.

Each barrier wrm is painted on both sides with alternate
diagonal stripes of black and white and equipped with not less than
three miniature red lamps arranged to shine in both directions,
along the roadway. The lamps are illuminated from the time the
arm starts to descend until it is restored to its vertical position
once more, the one nearest the tip ot the arm being steadily
lluminated, whilst the other two flash alternately in unison with
the main flashing light signals,

The barrier mechanisms use low voltage d.c. motors and are
so designed that their associated arms will assume a horizontal
position across the roadway in the event of a power supply failure,
In addition, provision is made to ensure that should an arm
encounter an obstacle whilst it is being lowered or raised, the
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machine will stop at once and remain in that position until the
obstacle is removed, after which it will assurme a position cor-
responding to the controls.

The mechanisms are designed to ensure that their associated
arms will be lifted from their horizontal to their vertical positions
within 11 sccs. to 40 secs. maximum depending upon the voltage
applied to them. They are required to be adjustable to permit
their arms to descend from their vertical to their horizontal
positions smoothly and evenly in 10 seconds to 15 seconds.

The mechanisms are arranged either for post or pedestal fixing
and usually form part of the flashing light signal assembly as
shown in fig. 13. In this case the fittings on the post are modified
to allow the barrier arm in its vertical position to ¢lear the backs
of the light signals and signs. The barrier machines can however,
be mounted separately but adjacent to their associated crossing
signals where local conditions demand such a course be adopted.
The arms when lowered are not less than 3-ft. 6-in. nor more than
4-ft, 6-in. above the crown of the road.

The circuits for automatic barriers are designed to ensure that
the arms will not commence their descent until at least 3 seconds
after the flashing lights have commenced to operate, and that
they will reach their horizontal position before a train travelling
at maximum permitted speed can arrive at the crossing. They
have to remain lowered until the rear of the train has cleared the
CIOSSHIE.

1f a bell is incorporated on the signal assembly, arrangements
are usually made for it to commence ringing as soon as the flashing
lights start to operate and to continue until the barrier arm is
within 5% of the horizontal.

‘Where multiple tracks are concerned, barriers undoubtedly
help to prevent molorists trying to rush across when one train
has left, despite the fact that a second irain might be coming in
the other dircction.

At some locations short arm barriers are provided to obstruct
the pathway for pedestrians. Most barrier machines are designed
to enable such an attachment to be provided if required.

Power Supplies

The most commeon form of power supply in usc, comprises a
storage battery system charged by a transformer/rectifier unit
direct from the a.c. mains. The supply to the lamps and machines



62 LEVEL CROSSING PROTECTION

is taken normally from the rectifier and transferred to the battery
by means of power-off relays in the event of a mains failure.

Where no a.c. is available, primary battery operation is used.
It is usual to install two batteries in parallel at such locations in
order to permit maintenance renewals to be carried out without
dislocation of service. The second battery does of course, also
serve as a standby.

There are few automatic barriers operating on primary
batteries ; where road traffic is heavy enough to justify barriers,
there is usually sufficient population concentration that a.c. power
will be available.

Control Equipment Flasher Relays

One of the essential pieces of apparatus for an automatic level
crossing warning signal system is, of course, a flasher relay.
Several types are in existence either for operation on a.c.ord.c,,
the latter being more commonly emploved. One type of d.c.
flasher relay that is available is shown diagrammatically in fig. 14
and takes the form of a neutral relay having four coils arranged in
two pairs, over the pole pieces of which is pivoted an oscillating
armature with at least three sets of contacts. Two sets, one at
each end, are for controlling the lamps and one set in the middle
comprises the operating contacts. When de-energised, the
armature is biased to close the left-hand operating contact. The
action of the operating contact is to shunt out the pair of coils
on one side so that current flows only through the opposite pair
and attracts the armature so as to close the opposite operating
contact. The first pair of coils is then connected in circuit and the
second pair shunied and the armature therefore continues to
oscillate and close alternately the lamp contacts as long as the
coil terminals are connected in the control circuit. The speed of
flashing is adjusted by varying the air gap.

Interlocking Relays

For single line crossing schemes another type of relay that is
in common use is the d.c. interlocking relay. This is shown in
fig. 15 and comprises essentially two neutral relays mounted in a
common case, the armatures of which are allowed to interfere
mechanically with each other through a pawl. The arrangements
are designed to ensure that only one armature can make its back
contact at one time, even though both sets of coils are de-energised,
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the purpose of which will be evident later when the circuit
arrangements are considered.

The pawl normally hangs in a vertical position when both
armatures are energised, the arms then being in the position
shown in fig. 152, When, for example. the left-hand coils are
de-energised as shown in fig. 155, the top of the locking piece on
the left-hand arm in falling engages with the locking pawl and
throws it to the right so that it engages with the top and bottom
of the locking piece on the right-hand arm. The arm is therefore
held up even though the right-hand coils subsequently de-ener-
gise but as will be seen from fig. 15¢, in such an event all the
contacts on the right-hand side both front and back, will be
opened. If the left-hand coils are re-energised whilst the right-
hand coils are still de-energised, the weight of the right-hand arm
will still hold the pawl in the locking position, and prevent the
right-hand back contacts from making. The relay will only be
restored to its normal interlocked position when both sets of
coils are energised. It will be seen that the locking is effected by
the weight of the arms ; the magnetic pull on armatures does not
enter into consideration.

Track Circuits

As is to be expected, the track circuit forms the fundamental
basis for most automatic signalling schemes since it can be made
to detect the presence of trains approaching the crossing. Treadles
can be employed to provide similar facilities but they are not
favoured because of their comparative unreliability and the fact
that they will not detect stranded vehicles or broken rails. With
certain types of treadles there is always the danger toc that
persons may stand on them to release the associated circuits. As
a general rule therefore, they are used only when the local con-
ditions are such that the installation and maintenance of track
circuits would be difficult and expensive,

Track circuits are of the d.c. or a.c. type depending upon local
power supply facilities, electrified territories, ete.

Circuit Arrangements
Single Track Using Conventional Track Circuits

Fig. 16 shows a method commonly used on single line sections
and makes use of the conventional d.c. track circuits, the two
d.c. neutral relay components of the interlocking relay being used
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as track relays. In the diagram, both relays are shown in their
normally energised positions. Assume now that a train approaches
and occupies TC “A.” Relay ATR will thereupon become de-
energised and make its back contaets and through them a circuit
to the flasher relay, lights and bell. The flasher relay will then
commence to oscillate and will short-circuit one lamp of each pair
alternately, thus applying full voltage to the other. This arrange-
ment is preferred rather than one which would open and close
the eircuit to the lamps, since it reduces the arcing which would
oceur if the load were broken each time and which would result
in extreme wear in relay contacts and short contact life. The
flashing will continue until the train clears TC A" whereupon
ATR will re-energise and by opening its back contacts, will
discontinue the warning at the crossing by breaking the cirenit
to the flasher relay, lights and bell.

Because of the interlocking feature described earlier, BTR
will not be permitted to make its back contacts when TC “ B ”
becomes occupied. It will be evident that if they were allowed
to make, the warmning would continue until the train had cleared
TC “B.”

It will be noticed that with the arrangemecnts shown, if the
flasher relay becomes disconnected, one lamp of each pair will be
kept permanently alight.

The manner in which the rail joint insulations are placed
adjacent to the crossing is worthy of note. It will be obvious that
rail joint insulations would suffer if they were installed in the
middle of the roadway in order to provide an equal warning
period for both directions.  An alternative would be to place the
rait joints adjacent to each other on one or the other side of the
crossing ; this however, would cause the warning devices to
operate until the train has cleared the crossing for trains in one
direction but would stop them with the train on the crossing when
travelling in the other direction. Theoretically in the latter
instance, it should be abundantly clear to a motorist waiting at
the crossing that his path is obstructed despite the fact that the
warning signals have ceased ; the danger is, of course, in respect
to a motorist approaching the crossing. For this reason as
mentioned earlier, the warnings have to continue until a train
clears the crossing, irrespective of the direction in which it is
travelling, With the arrangements shown in fig. 16, the making
of the back contacts of cither relay produces a common rail
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arrangement and extends the track circuit concerned to cover
the crossing.

Single Track Using Westrak Track Circuits

An interesting variation of track circuit control on single lines
is shown in fig. 17. This employs an arrangement known in the
United Kingdom as a Westrak track circuit which relies on a
rectifier unit placed at the extreme end of the track section to
divert alternate half-cycles of the a.c. supply and so cause pul-
ting d.c. to flow through the track relay located adjacent to the
feed transformer. Such an arrangement has the advantage that
all the control equipment with the exception of the rectifier, can
be located at the crossing and of course, renders line wire
unnecessary.

The rectifier unit is mounted betwcen the rails in a weather-
proof cast-iron case and requires little or no attention. In all
other respects, the arrangements follow those described earlier,

Special Requirements

So far straightforward crossing protection schemes have only
been considered. In laying out arrangements of this kind how-
ever, local conditions often require special controls. For instance,
at some locations means have to be provided to permit manual
operation of profection equipment which normally works auto-
matically. At some crossings no left turn or no right tumn signals
have to be installed for roads running parallel to the railway.

At crossings in close proximity to sidings where shunting is
carried out or to stations where trains stop regularly, means have
to be provided for cutting out the operations of the automatic
crossing warning devices. Various schemes are in operation
ranging from automatic time cut-outs to elaborate schemes of
manual or auto-manual supervisory control. In territories where
there is a big difference between the speed of the fastest and
slowest train, it is sometimes considered desirable to provide
timing track circuits in order to ensure that the same warning
period will be given no matter at what speed a train is approach-
ing. Care must be taken to ensure that timing circuits are so
arranged that a failure of a timing device will result in the full
approach control becoming eifective.

In order to cater for the possibility of modified controls being
required at a later date, the modern tendency is to use directional

E



66 LEVEL CROSSING PROTECTION

stick relays in preference to interlocking relays, since the former
provide greater flexibility for making changes. Furthermore, the
provision of a short track circuit spanning each crossing has now
become almost standard ; this rarely extends more than 100 feet
on each side of the crossing,

Automatic Barrier Controls

Several directional stick circunit arrangements are in service,
the principal difference between each being the time during which
the stick relay is energised. In some instances the circuit to the
stick relay is prepared by the occupation of the approach track
circuit but not completed until the train arrives on the crossing
track circuit. In others the stick relay is energised as soon as
the approach track is occupied and maintained in that position
until the leaving track circuit has been occupied and cleared.
Such an arrangement is depicted in fig. 18, which details the
wiring requirements for a level crossing on a single line section
employing flashing lights, automatic barriers and warning bell.

The barrier machine that has been selected for the example in
question, is of the type in which the barrier arm is raised from
the horizontal to the vertical position by an electric motor through
a train of gears and is held in the vertical position by means of a
solenoid operated band brake. This brake is fitted to one end of
the motor spindle by means of a ratchet mechanism which trails
whilst the arm is being raised. The brake solenoid has two
windings, YR1 of low resistance to engage the brake and YR2 of
high resistance which is placed in series with YR1 as soon as the
arm is raised, thus economising the current used in holding the
arm vertical. In addition to the brake, the solenoid operates a
set of contacts, one closed when energised and one other closed
when de-energised.

With no train in section, the flasher relay will be at rest, the
flashing lights extinguished, the bell silent and the barrier arms
held in their vertical position by their brake solenoid windings
YR1 and YR2 in series. Relays XR (which operates the bell),
XPR (which controls the barriers) and XGPR (which sets the
flashing lights in operation) will be standing energised whilst the
directional stick relays ES and WS will be standing de-energised.

Assuming now that a train travelling from West to East
approaches the crossing and occupies TC “A.” A circuit will then
be completed over CTR front, ATR back, WS back contacts to
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energise the eastbound stick relay ES. Relay ES will remain
energised over this circuit until the train reaches the crossing
TC " B,” whereupon a stick cireuit for ES will be completed over
BTR back and ES front contacts. When the train has occupied
TC “ C” and has cleared TC “A,” the stick circuit for ES will be
completed over ATR front, CTR back, ES front contacts ; that
condition will continue until the train leaves TC “ C " at which
time ES will become de-energised. Due to its slow release feature,
ES is unlikely to drop away during this sequence of working
because of a temporary lossofshunt causing the track relays to bob,

The warning devices cannot be controlled directly over
contacts of the ES and WS relays ; if this were done, the warning
would commence with the occupation of the entrance track
cireuit and would continue until the leaving one had been cleared.
A separate control relay XR is therefore provided, the energising
circuit for which is made up over front contacts on the three
TC's “A,” “B " and “ C.” In order to provide the directional
feature however, ATR front contact is bridged out by WS front
contact and CTR front contact is bridged out by ES front contact.
Tt is usual to include a test switch in series with the control of
XR to permit normal routine inspection and tests to be made on
site.

Now, having established the method of directional working,
it will be seen that when TC “A” is occupied by an eastbound
train, XR will become de-energised, causing XGPR to release at
once, XPR to release after the expiration of its slow release period
and the flasher relay to start oscillating. Relay XR in dropping
will start the bell ringing and XGPR will start the lights flashing
as with earlier examples. The two innermost lights on each
barrier arm will also flash in unison with the main light units,
whilst the light unit at the end of each arm will be steadily
illuminated.

Relay XPR as menticned previously, controls the barrier
machines ; the reason why it is made slow release is of course, to
ensure that at least 3 seconds will elapse between the time the
lights start flashing and the arms begin to descend. Until XPR
opens its front contacts therefore, the barrier arms will be held in
their vertical positions by the circuits through their brake wind-
ings YRI and YRZ in serics. When XPR finally de-energises
therefore, the holding circuit to coils YR1 and YR2 will be broken
and the arms will begin to descend by gravity, rotating their
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motors in the reverse direction. A regenerative braking circuit is
completed in each case through a back contact of the YR in
series with a resistance ; the speed of descent can therefore be
adjusted by varying the value of the resistance.

When the barrier arm associated with the bell is within 5° of
the horizontal position, the circuit to the bell will be broken by a
barrier arm circuit controller contact; the bell will therefore
stop ringing.

When the train has cleared TCs A" and “B,” XR will
become re-energised in turn causing XIR to become re-energised.
A front contact on the latter will ther complete the circuit to the
brake solenoid windings YR1, which when energised will complete
over their front contacts the circuits to their motors. The motors
will then commence to rotate and the arms will begin to ascend.
When each arm reaches a position 80° off the horizontal, one of
its associated circuit controller contacts will open and will thus
place windings YR1 and YR2 in series with each other. At 85°
off the horizontal, the motor circuits will be opened by other
circuit controller contacts ; the YR circuit will however, still be
retained and the arms will thus be held in their vertical positions.

As soon as both arms have been proved vertical, the circuit
to XGPR will be completed. When this relay is energised, the
supply to the flasher relay and to the lights will be disconnected.

Multiple Track Controls

In the preceding examples only single line sections have been
considered. The arrangements in multiple track territory follow
somewhat similar lines but are not of course, complicated by the
fact that the direction of the traffic has first to be established
before the warning devices are set in motion. At busy locations
provision is sometimes made to extend the approach controls for
the warning devices if two or more trains are approaching the
crossing from opposite directions at the same time. Thus, although
the standard warning period would apply for the first train to enter
the section, a more lengthy warning would be given for the
second train. In some instances, particularly where flashing light
signals are the only warning devices installed, additional illumi-
nated stencil indicators are provided bearing the legend “ two
trains,” the lighting circuits to these being so arranged that
they will be illuminated when more than one train is approaching
the crossing.
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Advance Warning Signs
Rail Approaches

At asuitable distance on the railway approach to each crosszing,
a sign is erected displaying the letter “ W’ or an equivalent code,
This indicates to the locomotive driver that he is approaching a
road crossing and that he should therefore begin blowing his train
whistle in the prescribed code.

Road Approaches

The advance warning signs on the roadway approach to a
crossing take the form of a circular target approximately 30-in.
in diameter bearing a cross and the letters R R in black on a
vellow background, as shown in fig 194. Thesc signs are mounted
on posts at the side of the roadway at a distance of 250-ft. to
500-ft. or more from the crossing, depending upon local con-
ditions. At some locations a square yellow sign bearing the same
legend, as shown in fig. 195, is painted on the roadway either in
conjunction with, or in lieu of, the circular sign. Both types of
sign sometimes show additionally the distance to the crossing.

Loco Headlights

One important feature that should not be overlooked when
considering the methods adopted in the U.S.A. is that all loco-
motives in that country carry powerful headlights. It is true that
these are chiefly provided in order to protect railway employees
working on or near the lines because of the quieter operation
obtaining with the dieseljelectric locomotives now in service,
The headlights do however, help considerably in warning road
users of the approach of trains to crossings at night.

Types of Crossings—U.S.A.

According to reliable statistics at the 31st December, 1951,
there were 227,415 level crossings on class 1 railways in the
U.S.A,, aclass 1 railway being one with an annual gross operating
revenue of 1,000,000,000 dollars or more. The extent to which
the crossings are protected is detailed in Appendix “A.”

From reports received, it is understcod that no set system of
classification is employed in determining the type of protection
to be provided at each crossing. Each is considered on its own
particular merits and the warning arrangements to be provided
are determined by the railway concerned, usually in co-operation
with the local Highway Authority.
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The installation costs are borne largely by the railways them-
selves. For example, of the 1,385 new level crossing installations
put down in 1952, 764 were paid for entirely by the railways,
544 were paid for jointly by the railways and Highway Author-
ities and only 77 were paid for entirely from public funds.

It is the responsibility of the railways to maintain the crossings
and protective devices installed thereat and the railways there-
fore bear the full burden of maintenance costs.

Accidents

During the years 1949-1952 inclusive, 6,068 (average 1,517 per
annum) were killed and 16,381 (average 4,095 per annum) were
injured as a result of accidents at all types of level crossings in
the U.S.A. It would be invidious to compare these figures with
those in regard to United Kingdom accidents, since the character
and volume of road and rajl traffic in the two countries differ so
widely.

A very comprehensive analysis of the comparative merits
of the various types of crossing protection based upon actual
experience of their use, was made by Mr. Wm. J. Hedley, Asst,
Chief Engincer, Wabash Railroad Co., in his * Second Report
on the Achievement of Grade Crossing Protection” which he
presented before the 51st Annual Convention of the American
Railway Engineering Association on the 11th March, 1952. In
this he took into account a very large number of factors over a
period of 23 years. Briefly, his findings in regard to the relative
effectiveness of the different forms of protection were that they
compared as listed hereunder from the most effective to the least
effective :—

Automatic Barriers

Flashing Lights—Single Track

Manual Barviers-—Full-time Attendanis
Flashing Lights—Multiple Track
Manual Barviers—Part-time Altendants
Watchman—Full-time Attendance
Wig-Wag

Automatic Bell

Walchman—Pari-time Altendance
Reflector Sipns

Painted Signs
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Canada

In Canada the installation of crossing protection is regulated
by the Board of Transport Commissioners under the Minister
of Transport, the requirements for each location being decided
on its own merits. The function of the Board in this respect
is 1 —

(i) to determine where new installations shall be made ;

(i} to provide specifications for standard crossing protection
equipment ;

(iii} to apportion the installation and maintenance charges
between the Municipal or Highway Authority and the
Railway.

(iv} to make contributions from the Railway Grade Crossing
Fund which was set up by the State in 1919 to bear
part of the cost of new installations and of substantial
improvements to existing ones.

With a few minor exceptions, the protection arrangements
follow closely those employed in the U.S.A. A typical installa-
tion is shown in fig. 20,

“ Wig-wag "’ signals are still in wide use although they are
gradually being replaced by flashing light signals which have now
been standardised for current installations.

South America

In South America, open crossings marked by standard cross
buck road warning signs predominate. Where protective devices
are installed these usually take the form of hand worked mechani-
cal barriers or automatic flashing lights, sometimes supplemented
by audible warnings. In Chile, the railways are obliged by law
to maintain crossing keepers in attendance at all public crossings
during the hours of daylight. In Uruguay, Equinetic barrier
machines are installed at some crossings. These mechanisms
consist essentially of an arm pivoted freely on a rigid support,
with biasing weights which can be driven through an angle
relative to the arm by means of an electric motor. This has the
effect of altering the centre of gravity of the mechanism and
thus moves the arm. Smooth action is secured by means of oil
buffer cylinders with special valves. The light signal assemblies
used in this country are of very simple construction as will be
evident from fig, 21.
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France

On the French National Railways automatic warning devices
of the type illustrated in fig. 22 are now being used to replace road
barriers and crossing keepers. They provide a red light flashing
at 85 times per minute when a train is approaching ; in addition
a movable warning placard which is divided into two halves,
bearing the legend *‘ beware of trains,” faces road users under
these conditions. These warnings are supplemented by the ringing
of a bell in country districts. When circumstances permit the
crossing to be used by road traffic, the two portions of the warning
notice are moved through an angle of 90° by an electro-mechanical
arrangement so that they become out of sight of the road users.
For the St. Andrew’s Cross and the lettering on the placard,
special light reflecting paint or material is used. Treadles are
employed on the rail approaches to provide antomatic operation.

The arrangements are designed to enable primary batteries
to be used in the country districts.

Sweden

Level crossings on the Swedish State Kailways are classified
by the Board of Roads and Waterways who stipulate the type of
equipment to be provided. The railways are responsible for the
provision and maintenance of suitable protective devices but a
contribution of 90 per cent of the initial costs is obtained from the
motor car taxes.

A number of crossings are equipped with lifting barriers,
mechanically worked from adjacent control posts by the double
wire system of transmission. A typical barrier is shown in fig.
23, from which it will be noted that a mechanical bell is incor-
porated which rings automatically when the barrier arm is
descending.

The flashing light signal assemblies take the form shown in
fig. 24a. The crossing sign at the top indicates whether single
or multiple track is concerned. The signal displays :—

(i) a red light flashing at 80 times per minute for at least

30 seconds when a frain is approaching the crossing ;
this is supplemented by a bell warning.

(ii) a lunar white light flashing at 40 times per minute if

the crossing is clear for road traffic.

Single filament lamps are used ; no precaution is taken against
lamp filament failure since in such an eventuality with the
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crossing light out, road users are expected to satisfy themselves
whether conditions are safe for them to cross.

The wvariation in flashing periodicity is designed to enable
colour blind road users to distinguish the aspects displayed, this
being a common practice on the Continent.

Special emphasis is given to the provision of advance road
warning signs, these being as shown in fig. 246, The International
road warning sign is erected 150-250 metres from each crossing.
At a distance of 8-12 metres from the crossing a cross buck sign
is erected bearing the legend “ Look out for trains.” The distance
betweern, the triangular sign and the cross buck sign is divided
into three equal parts by three intermediate signs consisting of
rectangular plates carrying 3, 2 or 1 oblique bars of light reflecting
material. The intermediate sign with three bars is then placed on
the same post as the triangular sign.

Holland

Where protective devices are deemed desirable for public
road crossings in Holland, these usually comprise lifting barriers
supplemented by filashing light signal assemblies. The latter are
designed on the lines shown in fig. 25. Again the crossing sign
surmounting the light signal, indicates whether single or multiple
track is involved. The signal itself comprises :—

{1) a red light at front and rear which flashes at 90 times per
minute for at least 20-25 seconds with a train approach-
ing the crossing, this being supplemented by a bell
warning,

{ii} a lunar white light at front and rear which flashes at 45
times per minute when the crossing is clear for road
traffic.

(iii) a steady orange light at front and side which is an emer-
gency indication that the signal is out of order and that
road users should thereforc cross with caution.

Single filament lamps are used, those for the red and lunar
white aspects being fed direct from the a.c, mains. The orange
light is fed from a primary battery and is brought into com-
mission with a power supply failure or a main signal lamp failure.

At important crossings, a vellow light repeater of the red
crossing signal is placed 150 metres on the road approaches to
that signal and this flashes at the rate of 90 times per minute in
unison with its counterpart.
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Belgium

At the more important crossings on the Belgian National
Railways, barriers are provided. These are usually of the lifting
type and manually worked by mechanical winch, although an
electrical winch is sometimes used.

Where barriers are installed, the International road warning
sign for a gated crossing is erected 200 metres on each side in
advance of the crossing. No intermediate signs are provided.

At other crossings, automatic light signals of the type shown
in fig. 264 are provided. These follow a similar pattern to those
used in Sweden and display i—

(i) a red light flashing at 80 times per minute supplemented by
a bell warning for at least 20 seconds with a train
approaching.

(i} a green light flashing at 40 times per minute when the
crossing is clear for road traffic.

12 volt 24 watt 4 filament lamps are used, all filaments being
kept connected permanently in parallel. The condition of the
lamps is also repeated into the nearest signal box or station-
master’s office as a precaution against lamp failure.

Advance warning signs and intermediate signs as shown in
fig. 26b are provided for all crossings other than those protected
by barriers.

South Africa

In the year 1926 the South African Railways and Harbours
Administration appointed a Commission to examine and report
on the protection of all railway level crossings within the Union.

The Commission advocated at that time that the cost of the
improvements should be borne parily by the State, and that as
many crossings as possible should be elimjnated. Since that
report was published in 1927, the expenditure incurred up to the
close of the financial year 1952/53 in connection with the elimina-
tion of level crossings and the provision of protective appliances,
amounted to £2,436,335 of which £1,611,345 was borne by the
Administration and £824,990 by local authorities. This formidable
sum was sufficient only for the elimination of some 352 level
crossings and the protection by means of flashing lights and
barriers of some 239 others. Even now by far the greater majority
of level crossings in the Union are open public crossings, but a
systematic policy of adding protection to them is being followed.
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It is understood that the intention is to provide ' stop "' signs
at all dangerous level crossings in South Africa and that when
these have been provided, road users will be obliged by law to
obey them and will be subject to a heavy fine for failing to do so.

IFor the flashing light installations, lamp units with red front
aspects and white sidelights, using single filament lamps, have
been standardised, the aspects flashing at a rate of 30 times per
minute.

It is understood that before the advent of flashing light
signals, accidents at level crossings equipped with barriers were
frequent. The barriers were often damaged by road vehicles
failing to stop. The addition of {lashing lights at these crossings
has almost entirely eliminated this type of accident.

Burma

All level crossings in Burma are protected with manually
attended hand worked gates. Some open away from the railway
and some across it. They are all interlocked in one way or another
with the railway signals. The manner in which this is achieved
varies according to the signalling arrangements obtaining in the
locality of the crossing concerned. Key locks are however, a
common feature of all the methods adopted.

A typical layout is illustrated in fig. 27. The gates are not
intercoupled with rodding and have therefore to be opened or
closed by hand individually. For each gate there is a primary key
and this is fixed to its associated gate by means of a short chain.
In addition, for each pair of gates there is a common secondary
key and this, when the gates are opened, is imprisoned in one of
the key locks, a separate key lock being attached to each gate
post in the manner shown in the diagram. Finally, one electric
key transmitter is provided at the crossing and another in the
nearest stationmaster’s office, to enable the arrangements to be
under the control of the latter.

To close the crossing to road traffic it is necessary first fo
shut gate “ X.” Primary key “A" is then inserted in the double
key lock and turned, this action releasing the secondary key
“B " and locking gate * X.” Key “ B is then extracted from
the double key lock and transferred to the triple key lock, the
removal of key " B " backlocking key “A” in position. Gate
Y " is then shut and becomes locked when primary key “ C " is
inserted and turned in the triple key lock. With keys “ B " and



76 LEVEL CROSSING PROTECTION

" C’"in the triple key lock, key “* D " is released and can then be
extracted and transferred to the electric key transmitter, Again
the removal of key “ D" backlocks keys “B” and “C” in
position. When key ““D " is inserted and turned in the crossing
key transmitter, its counterpart in the stationmaster’s office is
released and can be used to free the interlocking on the crossing
release slide lever at that location. That slide lever can then be
put normal to release the signal and point slide levers and to
backlock key “ D’ in position on the slide frame. The removal
of the station key “ D" from its transmitter backlocks crossing
key “ D’ in its transmitter.

‘When conditions are such that the crossing can again be
opened to road traffic, the signal and point slide levers are
restored normal to free the crossing release slide lever. When the
latter is pulled to its reverse position, key ** D " is released and
can then be extracted from the slide frame lock and inserted and
turned in the stationmaster’s key transmitter. Key “ I " at the
crossing is then released and this can, in turn, be used to free
keys " B” and ** C,"” the key “ B "’ to free key “A.”" Both gates
can then be opened.

No light signals are provided for road traffic. The only in-
dication given to road users that the gates are about to be closed
is the hand signal which is given by the gatekeeper prior to the
closing of the gates.

India

The most common form of protection that is to be found at
level crossings in India at the moment is hand worked gates,
interlocked with the signals by means of key locks, generally
in the manner described in regard to the Burmese railways.

At a number of locations however, lifting barriers are installed.
These are worked from the nearest signal box from a special
winch interlocked with the signals and points, usually by means
of keys.

The railways are in fact understood to be in the process of
standardising wire worked lifting barriers which can be operated
by a crank arrangement in the signal box or by an electric motor
if power working is desired.

At one particular location on the Western Railway, experimen-
tal lifting barriers worked through suitable connections from an
all-electric point machine instead of an orthodox barrier machine
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have been installed to enable the railway to examine the reaction
of the road users to this form of crossing protection. From in-
formation received, it is understood that these power worked
barriers are working very efficiently.

New Zealand

In New Zealand the railways are responsible for the provision
and maintenance of level crossing protection devices. On roads
which are classified as * main highways” cutside the arcas of
Municipal Authorities whose population exceeds 6,000, half the
cost of installation and maintenance is paid by the Main High-
ways Board, which is a statutory body. In the areas of Municipal
Authorities with a population in excess of 6,000, the Local
Authority is asked to bear part of the cost. The only classification
of crossings is a priority list for installation of protection equip-
ment or improvement of existing protection.

The railways department determine the priority based on the
formula :—

Number of trainsxnumber of road vehiclesx (n-+1) view
factor where n=number of obscured corners {(maximum 4).

Gates are not provided. DProtection takes the form of either
full time or part time attendance of crossing keepers or automatic
audible and/or visual light signals. A typical light signal assembly
is depicted in fig. 28 and comprises two red lamps flashing at
30-45 times per minute,

Considerably enlarged circular display boards as shown in the
diagram are frequently used to make the flashing lights more
arresting, depending upon the visibility of same. The posts and
sometimes the bells and relay houses are painted with diagonal
red and white ** barber’s pole " stripes. Road users are obliged
by legislation when approaching a crossing, to reduce speed when
within 100 yards of it to a rate not exceeding 15 m.p.h. They are
also compelled in certain instances to bring their vehicles fo a
stand, clear of the crossing, and then to make adequate obser-
vations to ascertain whether or not the line is clear. Any persons
found contravening this and certain other regulations are liable
on conviction to a fine not exceeding £30.

Australia
The majority of the level crossings in Australia are open
continuously to both road and rail traffic and are protected only
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by the provision of fixed waming signs to indicate the existence
of the crossings.

Where traffic conditions render the provision of some other
form of protection desirable, this varies according to the railways
concerned but is generally afforded by the installation of swinging
gates. Most of these are worked by hand chiefly by the road
users themselves but sometimes by attendants. In a few instances
they are worked by rodding from the nearest signal box in accord-
ance with the conventional United Kingdom practice. Power
operation is not used.

On the New South Wales Government Railways, barriers are
used at a number of locations. These are worked either by hand,
mechanjically, electro-hydraulically, electro-pneumatically or all-
electrically. A typical installation is shown in fig. 29. In this
connection it is perhaps interesting to note that when the New
South Wales Railways first installed barriers, they were all of
steel construction. ‘They have since been replaced however, by
composite barriers consisting of short steel channel sections to
which are bolted soft wooden timber flitches to form the
main portion of the barrier. This change was the result of an
experience where a steel barrier which had been run through by a
heavy motor lorry was so badly bent that it fouled the railway,
There were no local facilities available to straighten the barrier
or to remove it from service immediately. All road and rail
traffic was therefore held up until the district officer was able to
persuade a lorry driver to attach his vehicle to the end of the bent
barrier in order to move it sufficiently to enable road and rail
traffic to proceed.

Flashing light signals, with or without bells, similar to those
found in the U.5.A. are used at a number of crossings on all
railways. The Victorian Railways have some ** wig-wags ™ still
in service but they are dropping out of favour. Likewise, the
N.S.W. Railways have a number of Pearson signals still in com-
mission, One such device is shown in fig. 30. The windmill-like
apparatus at the top of the post is gear-driven by a motor mounted
at the base of the assembly. When a train is approaching the
crossing, the arms are driven around and a small lamp at the
end of each armn is illuminated. In addition, at the back of each
arm there is a loose ring on a stud which, when the arms are
revolving, is thrown out by centrifugal force and strikes a gong
as the arms rotate, thus giving an audible as well as a visual
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signal. When the crossing is clear for road traffic the arms are
stationary, thus the possibility exists of a false clear signal being
given and this is undoubtedly why the signal is obsolescent.

Pagrr HI

POSSIBLE IMPROVEMENT TO UNITED EKINGDOM
PRACTICE

In view of the change that has taken place in regard to the
character, weight, density and speed of the rail and road traffic
since the present United Kingdom level crossing measures were
first devised, it seems logical to assume that the arrangements
warrant reconsideration. It is true that in recent years the death
roll at level crossings has been low when compared to that on
the roads, The figure of 38 persons killed per annum on an
average at level crossings is nonetheless alarming ; that it is no
higher, is probably fortuitous. The potential risk is certainly
very much greater than it was; this is borne out by the fact that
during the years 1922-1925 that average was something of the
order of 12. Apathy should not therefore, be allowed to prevail.

New or additional forms of protection would it is thought, go
a long way towards minimising the risk of accidents. It is realised
that no matter what devices are used, it would still be virtually
impossible to cater for the careless road user. Because of the short-
comings of the human element, there can be no doubt that the
maximum protection to rail and road traffic with the minimum
delay to each will only be afforded by the elimination of all level
crossings. As valuable as human life is however, the cost of over-
bridging or under-bridging the crossings would be prohibitive.
Protective devices must therefore suffice.

The introduction of modifications to the existing arrange-
ments would be a formidable undertaking. If it were embarked
upon, an attempt would need to be made at the same time to
effect economies from the maintenance viewpoint.

Gated Public Road Crossings

The query is often raised as to whether the cumbersome gates
at present in commission at public road level crossings are really
essential and whether an obstruction of lighter construction
would prove equally satisfactory.
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The gates certainly provide a substantial reminder to the
motorist that his way is barred. On the other hand, one would
imagine that our ancestral legislators had in mind when designing
the gates, that they should be high enough to prevent horses
jumping over them and to prevent vehicles breaking through
them. In those days traffic was usually of the horse drawn
variety and irrespective of any oversight or recklessness on the
part of the driver, there was always one member of the party with
sufficient ** horse sense ”’ not to attempt to cross when the path
was obstructed. There is no danger at the moment, of cars
jumping over the gates but with the heavier vehicles now on the
roads, there is a very real danger of them breaking through and
becoming immobile in the path of fast moving trains. It is doubt-
ful whether any practical form of gates or barriers could be
designed to prevent such an eventuality. It would seem reasonable
to suppose therefore, that lightweight barriers could be used with
equal success. Such barriers, if equipped with light units would
be quite as conspicuous as the present day gates,

Before barriers could become standardised, the law in regard
to the total enclosure of the road would of course, have to be
annulled. From a reading of the Act of 1863 it would appear that
the legislators were more concerned about the possibility of
cattle and horses straying on to the lines rather than pedestrians.
If that is the case, then if cattle grids are considered adequate
protection against straying cattle at accommodation and occu-
pation crossings, where surely the presence of cattle is more
likely than at public road crossings, it seems logical that cattle
grids should suffice for public road crossings as well.

In view of the fact that the Ministry of Transport have
given permission for the experimental lifting barriers to be in-
stalled at Warthill, it would appear that they are of the opinion
that such arrangements would be quite satisfactory under certain
conditions.

It is not for one moment suggested that the gates should be
discarded at once. If however, the principle could be established
that barriers would suffice, they could be introduced gradually
as and when gate installations come up for renewal. Meanwhile,
some benefits might be derived if the gates were painted at more
frequent intervals to render them more conspicuous : the use of
light reflecting paint might prove advantageous. Furthermore,
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if red targets and red lamps are considered a desirable means for
identifying level crossing gates, legislation could he introduced
if necessary, to enforce the fitting of such equipment. Consider-
ation could be given too, to the lighting of the lamps by electricity
rather than by oil.

If barriers could be adopted, they would dispense with the
need for rail and road stops. Mechanically operated barriers
would reduce the number of connections and would thus effect
economy in maintenance costs. DPower operated barriers would
go one stage further and eliminate all rod connections with obvious
advantages and cconomics. Some decision would have to be
taken as to whether a plain barrier arm would be adequate or
whether fringes would nced to be provided to prevent persons
from crawling under the barriers. Practice elsewhere tends
towards the omission of fringes,

At level crossings where road traffic signals are considered
desirable, thought could be given to replacing these by flashing
Hghts to distinguish them from those used at ordinary road
intersections. Flashing lights have been introduced recently for
some pedestrian crossings and it is understood that they have
proved very successful. From this it seems logical to assume that
the public would soon cducate themselves in regard to the respect
they should pay to flashing lights at level crossings.

Another aspect of crossing protection that could be examined
is whether intermediate road warning signs would be helpful,
There is no doubt that under ideal circumstances one advance
warning sign should be sufficient. A number of factors have
however, to be taken into account, such as an obstruction to the
appreach, contour of the country, etc., and in practice it is often
found that the ideal warning distance is not usually possible.

Ungated Public Road Crossings

At ungated public road crossings, the possibility of providing
compulsory halt signs could be examined. In addition some
advantage might be gained by installing automatic flashing light
signals at some of the busiest of these crossings in an attempt to
educate the public to this form of protection and to assess their
reaction to it. IFurthermore, intermediate road warning signs
might also be helpful.
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Accommodation Crossings

At the field to field type of crossing the adoption of key locking
arrangements somewhat on the lines of those employed in Burma
and India might prove beneficial. The arrangements could be
such that the crossing user would always have to telephone to the
nearest signal box to obtain permission to open the gates. The
signalman could then release the crossing key through the
electric key transmitter system. Means would need to be provided
to enable the user to return over the railway lines on foot after
taking his wvehicle across in order to replace the key in its trans-
mitter. A stile adjacent to each gate could conceivably serve this
purpose and still prevent cattle from straying on to the lines.
Such arrangements would, of course, be open to abuse ; it would
be difficult for instance to incorporate means to ensure that the
user will lock both gates and restore the key to its transmitter
after using the crossing. Regulations could nevertheless be drawn
up to render the user liable to a very heavy fine under such
circumstances. Furthermore, the signalman could be given an
emergency release for use in such an eventuality and rules could
be instituted to permit him to allow trains to proceed, providing
he stops any train approaching the crossing and warns the driver
to be vigilant at that point in case a vehicle is in fact still fouling
it.

Occupation Crossings

Occupation crossings are undoubtedly the biggest menace at
the present time. As a number of these have in substance if not
legally acquired public status through the years, some benefit
might be derived by equipping them with automatic barriers and
flaghing lights in order to obtain concrete evidence of the
efficacy of such arrangements.

The crossings at the present moment are provided with gates
which can be opened at all times and which can be, as they are,
sometimes left open, At worst, the barriers would provide equal
protection ; in actual practice however, they should prove
instrumental in eliminating a number of accidents that do now
OCCur,

On the 31st May, 1949, the Liberal National Member for
Huntingdon asked the Minister of Transport in the House of
Commons what steps were proposed to take to prevent accidents
at level crossings, particularly in regard to occupation crossings.
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In his reply the Minister stated that the problem of safety at
such crossings had been under consideration before the war and
that consequently he proposed to follow the matter up afresh in
conjunction with the British Transport Commission, From more
recent statements in the House, it is understood that the report
can be expected in the near future. It will be interesting therefore
to see what improvements are recommended.

Cost of Modifications and Additions

Any improvements and modifications to the existing arrange-
ments would obviously entail considerable expense ; it would be
unreasonable to expect the Railways to bear the cost of their
introduction. Taking into consideration the changed nature of
the road traffic and the fact that the Railways have now become
Nationalised, it would seem equitable that a special State grant
should be made for use in this comnection. A precedent has
already been set in other countries. It is suggested therefore,
that as this problem is so tied up with the roads, a grant could be
made from the Road Fund to facilitate and expedite modernisa-
tion at level crossings. Whilst the elimination of as many cross-
ings as possible should be the ultimate ambition, the practical
immediate solution would seem to be that legislation should be
introduced to :—

(1) Restrict any new crossings.

{2) Re-route road traffic wherever possible to permit some of
the existing crossings to be closed.

(3} Empower the State to take over those Private Occupation
Crossings that have acquired a Public status,

{4) Permit some relaxation in regard to the necessity for totally
enclosing the railway at certain public road crossings,

{5} Provide sufficient funds to permit the installation of im-
proved protection facilities, the Ministry of Transport to
establish the priority of the locations requiring most
urgent attention.

The question of the cost incurred in improving existing
conditions and the way in which this can be met would appear to
be of fundamental importance. It is hoped therefore, that in the
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discussion which is to follow, a plan can be formulated to im-
plement some or all of the proposals that have been suggested.

In conclusion, the Author would like to thank all those who
have so kindly helped by providing information which has been
of such assistance to him in the preparation of this Paper.

DISCUSSION

Mr. J. H. Fraser in opening the discussion, said that the
paper dealt with one of the most important subjects that could be
presented to the Institution at the present time, and was an
exhaustive review of questions that the signal engineer had to
consider ; he congratulated the Author on its excellence. There
had been revolutionary changes in road traffic in recent years,
vehicles being faster and heavier, but wandering animals had
virtually disappeared. He recalled the time when animals used to
wander about the roads comparatively freely, and a good deal of
level crossing protection was designed accordingly. Two major
questions came to mind. Firstly, could an increase in effective
protection be secured at level crossings by conversion irom gates
to barriers with lights, or by taking away the barrier and having
lights alone ? Secondly, what could be done at the two-hundred or
s0 occupation crossings where there was heavy traffic and a major
disaster conld occur if a heavy express train ran into a large road
vehicle.

There was an important legal aspect to these matters, and no
doubt signal engineers could reduce the cost of level crossing
protection appreciably, if it were not for legal restrictions.

Mr. E. G. Brentnall said that it might not matter very much
if there was one type of level crossing warning in the U.S.A., and
other types in Canada, South Africa, and so on; but in the case of
countries close together, as in Europe, with road vehicles running
from one country into another, it would be very undesirable and
would be confusing to road users. Recent discussion had taken
place on the Continent in an attempt to standardise road crossing
warning devices there, but it had proved to be a complicated
matter owing to the different methods in different countries. In
Germany, Denmark and Switzerland, they had stop signals for
road traffic, without any * track free” signals. In Czecho-
Slovakia and France they had stop signals and *‘ out of order ”
signals ; in Italy, stop signals and “ out of order " aspects ; and
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in Austria, Belgium and the Netherlands, stop signals and also
“track free’’ signals. Naturally, no country wished to spend
money on altering its own arrangements, An independent report
had been made in an attempt to get the best results and it was
interesting to examine some of the arguments. Stop aspects could
be shown by one or two flashing lights, but the suggestion was to
have one stop light on the side of the direction of traffic, which,
on the Continent, was usually on the right, and for busy crossings
to have another one on the left. With regard to the ** track free ”
aspect-- or, as some preferred to call it, the " pass ™ aspect—the
general feeling was that some such aspect should be given. The
economic side entecred into it, because if there was a light for
““track free "’ or * pass,” it meant there was a light there for most
of the time, and also during the time of no passing. Consequently,
batteries would not be practicable and power supplies on the
Continent were not always readily available. The recommendation
was for either flashing aspects or small barriers fitted with
reflectors and painted with a reflective colour and which, in their
vertical position, would indicate ' pass.” It was thought to be
desirable to show a “ track free’ aspect, because it was the
logical counterpart of a ' stop 7 aspect. Without a " pass”
aspect, if the red light failed, road users might be misled. It was
felt that there should be no ** out of order > aspect, if the ** stop "’
aspect should fail, as it was considered that it would be psycho-
logically bad for road users to think that anything like that could
fail. These references applied lurgely to crossings with no barriers
at all. It was felt that if barriers were provided, there would be
no need for the two red aspects, as the barriers would indicate that
road vehicles should not pass. Also, no ** pass 7 indication would
be given, because the barrier in the air would mean that traffic
could pass.

Colonel D. McMullen said that the subject was one in which
the Inspecting Officers of the Ministry of Transport were par-
ticularly interested and vitally concerned.

He thought that a false impression might arise regarding the
analysis of accidents at level crossings, the figure which the
Author quoted of an annual average of 38 persons killed at level
crossings in Great Britain for the last five years included the
figure for pedestrians walking over crossings. The actual average
number of passengers who were travelling in road vehicles, and
killed, was only 13 during the last five years, Of those 13, 4 were
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killed at public level crossings with gates, 1 at a public level
crossing without gates, and 8 at occupation level crossings. He
agreed with the Author that comparisons with other countries
were invidious, but, at the same time, few, if any, would disagree
that level crossings in Great Britain were the safest in the world.
The safety of those crossings was largely due to the original and
rigid laws made by our forefathers, and also the requirements
that have been made by the Ministry of Transport practically ever
since the beginning of railways. He suggested, therefore, that any
relaxation in the standard of protection, which might lessen their
record, should be made very cautiously.

There were many public crossings in this country not protected
by signals, and a number of those crossings had neither telephones,
repeaters of the block bell, nor block indicators, and the security
of the road traffic, and in fact, the rail traffic, passing over those
crossings rested with the gatekeeper. He was glad to say that the
number of such crossings was being reduced every year. There
were also other crossings in this country, the gates of which did
not close across the railway, but opened away from the railway.
It was of interest to know that legal experts were not in accord as
to the interpretation of certain sections of the 1845 Act; hence
the necessity, mentioned by the Author, of making quite certain
that barriers or anything other than gates closing across the rail-
way will be in accordance with the law.

There had been some unfortunate accidents of recent years, but
gencrally speaking, the figures which he had quoted for public
level crossings were not alarming. In the paper, mention was made
that, at non-gated crossings, the road user should be forced to
halt before crossing the line, but he thought that would be difficult
to enforce, as the British public would most likely consider it to
be infringing their established rights. Generally speaking, he did
not think that the road users in Great Britain were as skilful
drivers as those on the Continent. It had been said on good
authority, that British road users were not as well disciplined as
those in the United States. He considered that the question
regarding public level crossings was not so much a safety problem
as an economic one, and he was interested in the various suggest-
tons put forward by the Author to solve it.

The paper described the lifting barriers at Warthill, which
Mr. J. H. Fraser was instrumental in constructing and which
he (Colonel McMullen) had been called on to inspect. 1t was a very
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good job, and he had no hesitation in recommending it, with
certain modifications and without some of the ancillary features,
Among other things, the revolving *‘ stop ” boards, which were
floodlighted when facing the road, he considered unnecessary, and
floodlighting, to the extent that was provided at Warthill, he also
considered unnecessary; although these features might be
necessary at some other crossings. One of the points made was
that the construction was very heavy and he thought that could
also be applied. to gates protecting public level crossings. Speaking
personally, he could see no objection to either gates or barriers
being of considerably lighter construction than they had been up
to now.

The British Transport Commission were seeking legislation
in their Bill for the adoption of barriers as a substitution for level
crossing gates, but it might be of interest to know—and it might
be rather significant—that they had already had indications that
that particular item in the Bill was to be opposed. The Author
had pictured the signal engineer tied hand and foot by centuries’
old legislation. But when it came to the substitution of lifting
barriers for gates, was it really so 7 Or could it not be that the
high cost of some of the electrical equipment in these days was,
to a considerable extent, responsible, leading to the retention of
the manually operated gates for many years to come, notwith-
standing the very increasing cost of labour.

So far as public level crossings were concerned, the Inspecting
Officers appreciated the financial burden which was placed on
British Railways, and they were ever willing to give sympathetic
consideration to any scheme which might be put up to ease that
burden, provided that it was based on sound safety principles.

Accommodation and occupation crossings were, to his mind,
the main problem, and far more important problems than publie
level crossings, particularly those which had assumed public
status, although they were not legally public level crossings. Now
that mechanisation has replaced the horse, there was the potential
danger of a serious accident occurring at such crossings. Exper-
ience had shown in the last few years that even a light motor car
could derail a heavy express passenger engine. Fortunately,
within the last five years’ figures, no passengers in trains were
killed. They would probably recollect, however, two serious
accidents at level crossings which occurred at Wormley in 1924
and Hillgay in 1939, in which trains were wrecked and there was
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a considerable number of passenger casualties. There, he main-
tained, the problem was entirely financial ; the Railways’ view is
that the circumstances are not of their making. Unfortunately,
there was no central fund in this country from which to draw in
order to pay for additional security which all would like to see
provided. The Road Fund is not available for such works. The
suggestions which the Author made were not unlike many of
those put forward by the British Transport Commission, which
had been circulated to nearly all the interested parties in the
United Kingdom. Opposition that had been received to those
suggestions had been great. The whole problem was, therefore,
fraught with difficulties. He wondered if British signal engineers
could contrive to develop some exceedingly simple and cheap form
of device which would give the road users at occupation and
accommodation crossings a visual indication of the approach of
a train. In olden times, people put their ear to the ground to
hear whether horses” hooves were approaching. Could not the
vibration which a train makes in the rails be used to give some
visual indication that a train was approaching ? He thought that
that particular suggestion might be impracticable, but he suggested
that consideration should be given to the production of some
device of that sort.

The Inspecting Officers would welcome proposals from British
Railways for the experimental adoption or installation of auto-
matically controlled lifting barriers at some of these particularly
unpleasant occupation type of level crossings which were not
manned, and he asked whether British Railways could not forget
the financial difficulties, for the time being, and finance such an
experiment themselves—without prejudice, of course, with regard
to anything that might be done in the future.

Mr. D. R. Greig of the Automobile Association, said that
road users in general felt very well satisfied with the measures
taken in the United Kingdom to prevent accidents at level
crossings. Their main complaint was the delay to road traffic,
which all to frequently occurred, though it was appreciated that
was due fo safety reasons. Regarding advance warning of a level
crossing, he thought that the road traffic warning sign was rather
too small for present-day conditions. The * double bend ” sign
was a larger size than any other and he thought it more effective.
Regarding the devices used at the crossings themselves, he
emphasised the importance of simplicity and uniformity. He
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suggested that level crossings should be abolished from main
traffic routes, wherever possible, but where they remained, there
was a strong case for trying out a new system for reducing delays ;
always providing it could be done without prejudice to public
safety. When evolving such a system, they might be able to even
improve on the very high standard of safety one had come to
expect in the United Kingdom.

Mr. A. J. A. Hanhart of the Royal Automobile Club, thought
that the accident record of the Railways in general was a most
enviable one. If road users approached the degree of safety which
the railways had achieved, they would be proud; but unfortu-
nately, this was not so. Accidents on level crossings were ex-
ceedingly small compared with accidents on other parts of the
road, nevertheless, everything should be done to prevent them.

Many Americans considered the discipline on the British
roads very much better than in their own country, and recently,
visitors from Denmark commented on the politeness and courtesy
of the British driver.

Money to be spent on protection should be spent in the right
direction and to best advantage. The suggestion that the Road
Fund might be used to overcome the financial difficulty was an
excellent one from the railway point of view, bhut not from the
road user’s. Money for safety measures should be spent in a way
which would save the most lives, and as the accident record for
level crossings was good compared with that for the rest of the
roads, it might be spent more advantageously on other parts of
the road.

Mr. H. J. Guthrie agreed that a good many of the problems
were legal ones. The 1845 Act required the gates to be across the
public road, but at the discretion of the Ministry of Transport or
relevant department, they might be left across the railway. He
never could understand why discretionary powers were necessary ;
it was a matter of common sense. With a narrow crossing and the
next train in an hour or two, why open the gates twenty times ?
However, it might be possible to have that altered legally. In the
paper, it was stated that the railway companies were under no
obligation to supply gates at all. The legal position was that the
railway company must not harm anybody whilst crossing the
track. There were no lamps on the gates in Ireland ; there was
only one lamp on