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METROPOLITAN TRANSIT

Inter Office Memorandum Date: 20th July 1987
il :
y ,&/ “'—/V»/L/“ -t
To: CIVIL DESIGN DRAFTING STAFF

From: K.C. PAINTER

Subject: TRAMWAY PERMANENT WAY

During a recent discussion Stan Hewish reminded me of a
series of lectures which were given to Permanent Way
Inspectors, Sub-overseers and Gangers by the then
M.M.T.82. in 1928. A set of the original papers has
been found.

I thought you might be interested to receive a copy
because many of the principles still apply.

Judging by the questions I have been asked recently,
some of you will be interested also in the historic
background of the development of the track structure in
the Melbourne system.

20 7.87
K.C. PAINTER

KCP/KS




)
!

/71b/}’ /2 K‘V(I{ Lb/fgf“{' ! cet

CIRCULAR TO TRACK INSPECTORS. SUB.OVERSEERS AND
SZNICR GANGERS.

At the suggestion of one or two of the Inspectors, it
has been decided to hold a2 number of voluntary classes for
Inspectors, Sub-overseers, and Senior Gangers, dealing with
the technical side of track work.

Cornmencinj 23Jan 1328
lieetings will e hcld on Monday evenings at 8 p.m.

A
at Hawthorn Depot, and will occupy an hour. Each ogzyéyglwho
attends will be paid an hour's pay at the ordinary rate
(i.e. not special overtime).
> At each meeting one of the Per. Way officers will
give a brief talk on & branch of track work, and at lecast
'half ‘an hour will be allowell for discussion and answering
of cuestions,
In order thnt the scheme may be a success, it is
. Coflayeg
desirable that all o$;£§¥es clirgible to attend should do so,
but attendance is by no means compulsory.
The committee consists of Mescrs., O‘Meara, Fakings,
Bell and Gray, =ho Will supnly any furthcer informs tion needed.
Attached is a brief outline of the matters to be
/£L7ﬂubéé'4§ °7féfj,%&¢qxz44&~wt

CHIEF TNGINEER.

discussed, with dates.
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OUTLINE OF A SERIES OF LECTURES TO PER., WAY
INSPECTORS, SUB~ OVERSEERS AND SENIOR GANGERS.

SERIES 1.
Period Series of 10 lectures one per week.
Commencing Monday 23%. 1. 28
Time 8 p.m. to 9 p.m. - Lecture and Discussion
Place Hawthorn Depot
Payment To Inspectors, Sub. Overseers and Scnior Gangers
Ordinary time,
Lecturers Per. Way Officers
SYLLABUS.
LECTURE NO. l. Monday January 23rd - Mr. Eakins

Interpretation of Drawings.

Types

Scales

Units

Conventional symbols
Levels

Da.tum

Grades

Vertical Curves

LFOTURE NO. 2. Monday January 30th - Mr. Gray

Alignment etc,
Marks on ground for straights and curves
Circular curves
Minimum radii ocrmissible
" " for pressing

" ! " crowing
" " " gnringing
Deflection angle
Tangents
Tangent Points
Sccants

Circular arc.
Bending diagrams
Supcr-elevation

LECTURE NO. 3 Honday February 6th - Mr. Fischer

Alignment continued and Speccial Work
Easement curves
Cubic Parabola
Spirals
Switch spirals
Bending diagrams
Snecial worlk nomenclaturc
Switches
Crogsovaors
Junc tiong




LECTURE NO. 4 - Monday February 13th - Mr. Eakins

The drainage System
Water entering the track structure
Surface Water
Subsoil water
Effect of water
Methods adoptced to minimise drrage
Track drains
Ashes
Subsoil drains
Side drains
Spall drains
Reasons for pits and necessity for inspection.

LECTURE NO, § - Monday February 20th - Mr. Gray

Concrete

Matecrials
Proportioning
Water content
Workability
Mixing
Placing
Curing
Testing

LECTURE NO. 6 - Monday February 27th - Mr. O'Meara

Rails and Fastenings

Types
Design
Material and manufacture

LECTURE NO, 7 - Monday Merch 5th — Mr. Smith

Welding

The meaning of the term "welding",
The various typecs of welds.
The general application of wclding.
Welding as apnlicd particularly to Tramway
construction and Maintenance.
Electric Arc Welding
A) Welding sets
b) The use of various types of clectrodes.
Welding costs.

LECTURE NO. 8 - Monday March 12th — Mr. Fischer
 Timber

Suitable and available varicties
Propcrties
Production
Trecatment .
Spacing And L~ying of
Slcepers
Timbers
Stringcrs
Woodblocks




LECTURE No., 9 - Monday March 19th - Mr. Eakins

Paving and paving materials
00d, asphalt and bituminous pavements

Binders
Bitumen

Source
Production
Grades and nomenclature

Necessity for various grades
Heating
Pouring,

Tar

Sourcc
Production

Tar v. Bitumen

Stone
Suitable vAarietics
Properties
Common defects,

LECTURE NO. 10 - Mond~ry March 26th - Mr. D'Me

ara

Track cross scctions

First cost, lifc, meintenance, ~dvantages and known
defccts of the following types.

Ballast foundation

Concrcte " and sleepers
Concrete foundation and stringcers,

-—.-.—-—-_——




MELBCURNE AND METROPCLITAN TRAMWAYS BGARD.
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LECTURE NG. 1 - INTERPRETATIUN OF DRAWINGS.

A. TYPES. D. CUNVENTIONAL SYMBOLS.
B. SCALES E. LEVELS AND DATUM,

C. UNITS. ) F. GRADES.
) G. VERTICAL CURVES.

A good drawing is a faithful picture. It generally
has a clear title, a scale, and a signature.
Definitions required :-

A plane is a flat even surface with length and breadth
but no thickness.

A horizontal plane is cne which is parallel to the sur-

face of still water, i.e. a plane which is always at the same
distance from the water surface.

A4 vertical line is one at right angles to a horizcntal

plane.
A. Types of drawings are :-

(1) Plans - shew the tracing made on a horizontal
plane by a vertical line moving so as to pass
successively through the various points and
outlines of the objects concerned.

(2) Longitudinal Sectioms are a representation of
what weculd be seen on a vertical plane through
the centre line of a recad, tramway, or railway.

(3) Cross sections are a represéntation of what wculd

be seen on vertical planes at right angles to the
centre line.

(4) Detail drawings which shew more particulars of
certain objects such as bolts, culverts, track
draine. They may be plans, sections, or eleva-
tions. An elevation of an object is the heavy

. tracing made on a vertical plane by the end cof
a horizontal line at right angles to it, which
moves 50 as to pass successively through the
various points and outlines of the object.

Dréwings of a match box inclined to the table would

arpear as under :-

Plan.
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B. Scales. The scale cof a drawing is the key to the
meaning of the lengths on it in relation to the cbjects drawn.
4 scale of 1" = 40' means that a length of 1 inch
on the drawing represents a length of feorty feet on the ground,
or a scale of 4' to 1" means that four feet on the ground are
reduced to 1" on the drawing.

Gur Per. Way drawings have the following scales in most

cases:; -

General plans and sections
Horizontal 1" = 4¢0.
Vertical " = 10,
Track cross sections
Horizontal 1" = (',
Vertical " - 4'.
Details of curves.
Horizontal 1" = 10¢¢
or 1" - 4'
Detailed cross sections
i - 1
Track details and fastenings 4
Full size, half size or quarter size.
It will be noticed that scales vertical and horizecntal
in the same sections are different. This hags been found neces-—

sary as the vertical heights are generally too small compared to
the horizontal lengths that even Callantina with the same scalec
for vertical and horizontal weuld appear a2 gentle rise.

1" in the detail plans represents a shorter length than
1" in the gencral plang, sc that more room may be available for the

showing of the detnils.

C. Units. The measurements of objects in the field i done
by surveyors and chainmen. The meacurements of length are read

off in feet and hundredths, and sec arc the meaguremcnts of height.
This brings un to the qﬁection of decimals.

A measurement to a pes cuch as 2012.34 ft. ncang that the
length from a gtarting peint is 2c12 complcte feet and 34 hundredths
of a foot. Thig latter -can be writteh 34/100. Now if we have
anothcr peg on the came linc which moosures 2053.62 ft. and wich to

get the distance in bectwecn these tro pPCZe We subtract the lengtho

r
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2053.62 It weuld bc eimple if the measurcments were cven febt
2012 3§

41.28. The dlffprence weould then be fcrty—onc feet. Now for

the hundredths. The farthest peint ic 62 hundredths further on
thag the even fect, while the nearcr point is 34 hund;cdths on. Therc-
fore tho coxtra difference is sixty-two hundredths 1less thirty-four
hundredths, that ic, twenty-ecight hundredths so that the total dif-
ferencc is 41'and 28 fiundredths, written as 41.28.

Twe places of dec1ma1o shew hundredths
Unc placc " shews tenths.

To changc from hundredths of a foot to inchegs multiply
the hundredths by twelve and divide by 160..
Example. Express .35' in inchecs.
.35 x 12 = 4.20 inches.
Now 3" = .25 x 3/16" = ,[1875". Therefore the measure-

ment is nearer 3/16" than 4/16", co is 4 3/16" correct to sixtconths.

D. Conventional Symbolg. Te save space and lettering

certain abbrcviations and signs arc uscd :-

Full lincs - Existing or new work on the surfa

Dotted " - Work to bc removed or existing undcr?rcund work.
Finc " - Eithecr the centre line or the gurveyors' run linc.
V] - Reprcsent pers.

~
I

Represent instrument eitces.
- Un the feotpath reprecsents verandahs.

C.T.P. - Common Tangent Peint.

C. of a. - P.IX.G. manhole

EW.P. - Earthenwarc pipe.

E.L.P. - - Elgectric light pole.

F.a. - Firc alarm.

F.P. - Fire Plug.

G.I. - Galvaniced Iron.

G.P. - Guard Post

H.P.V. - Hydro Power go-vnlve.

Hyd. - Hydrnont.

I.C.s. - Interconnected switcheg.

I.P. . - Incpection pit.

ﬁ:%:g:%:ﬁ_ ) M.¥.B.¥. bench mark.

H.C.C.E.S. - l£.C.C. Eloctric cupply.

M.G.C. - M&lbournc Gas Co. valve

M.T.P. - ilean tﬂnrcnt p01nf

OHP = Gverhead pele.

F.H. - Pillar hydrant.

R.C.P. - Rcinforced concrcte pipo.

S.W. - Storm wWater pit or inlct.drain.
WLI. - Storm watcr inlct.

S
S.W.P. - Storm watecr pit.
g.W.MH. ) - Sterm uater manhole.
S

S

JI.H. - Scwer manhele. . 3
.I.8. - 8¢vier incpcection schaft. : )




SP - 8ilt Pit

Si P - Siphon pit.
T.D. - Track drain.
Tr P - Tramway polec.

T.P. - Tangent point.
Ver. - Verandah.
V.P. - Veranhdah post..

W.P:

Water plug

E. Levels and datum. Te fix the position of ANy point

it is nccessary tec have measurcments inAa horizental planc
(c.g. in the plan) and also in = vertical direction,

The height of any point above a fixed starting point
1s called its reduced level. These hcights arc measured in
feet andlhundrodths by means of levels and staves. The start-
ing point is the datum. For lcvels around Mclbourne the
datum is a cecrtain watcr level at Hobson's Bay. This datum
is practically pcermanent.

Thus, if thc R.L. of a certain peg is 186.14 this

point is 186.14 foct above the datum,
o NowAif another point is R.L. 187.24, the differcncc
in levels between these two pointe is 187.24 ~ 186.14, cqual
to 1.10 fcet.
Now if the sccond point is tho designed rail leovel
2t the peg this would mean that the rail level is 1,10 fect =
1 ft.ll.EO ihchoé or 1 ft. 1% inches above the peg.
On the longitudinal seetion arc given chainage,
ccntre linec, surfacec levéle, Nerth and-SOuth_track lecvels.

4t any chainagc point the difference between eurface
levels and gay North track levoel gives the depth below or hcight
above the surface of that track. _

Morc detailed information cencerning levels of the
strcet arc given on tﬁc cross scectieons, These shew widthe of

strecct and footpath, korb and gutter lcvels, cte.,




F. Gradcs. A gradce is imply a slopec. In our work

it is taken to mean 2 straight dlope,

If ¢ have 3 point A on a track ang flnd that the

track will bone through to a point B five hundred

then the track aB is on a certain grade.

feot awvay,

s !B.
; i
.
e TR 5
R. L. { e ok
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Now if B is R.y. 22.50 andA is R.L. 10.00
B is 22.5¢ - 16.00 = 12.50 feet above A and
B is 50¢ ft. distant from A.

This mcans that in cvery hundred feet

. 2.50%.

Wic rise 12,50 fect or

There is another w: ay of indicating gradec, This

is tc give the longth in fect in which the

In the casc above if 2.50 ft. ig the Tice in 100 ft. then the

%11l be one foot risg in 166/2.50 feet = forty feet. The grad

is then calleq one in forty,

G. Vertical Curves. A ‘track c¢

annet be going up hill

for cver, so that we have to change from onc grade to anothcr,

Te give the cars A emooth ride vhile doing this we Jein  the

gradec by 2 smooth curve, A¢ thesc curves are in a verticnl

planc they Arc callcd vertical curves,
Verticnl curveg TS concave, c. .thc bend dovnvarde

¢r convex, the bend upwards,

¢ grade risce onc foot.,
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The larger the differenco bectween two grades the longer the
gertical curve.

If threce peints X, Y, Z, arc given on a verticol curve
and thcsc 2are not closc enough for trimming thc bottom, then

intcrmediate pointe can easgily be obtained.

Find the¢ height of Y above the linc bened through frem
X to Z2; lct thic bc h. Then Q on the curve half way between

X and Y is h/4 above the linc boned through between X and Y.

QONCLUSION.

Drawings are made by human beings and though checked
may occasionnlly be found wrong or contradictery. But gcncernlly
they arc right and time spent in undcrstanding them thoroughly

2t the start of 2 job will =2lways save troublce later con.
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MELBOURNE AND METROPOLITAN TRAMWAYS BOARD.

LECTURES TO PER. WaY INSPECTORS, SUB-OVERSEERS
AlD GANGERS.

LECTURE NQ. 2.

ALIGNMENT, ETC.

The alignment of the track as shown on the plans and
explained in the first lecture is marked on the ground by means
of wooden pegs with a nail driven in the top, dogspikes or nails
Wwith a hole drilled in them, or holes drilled in stones or iron
frames in the roadway.

Straights.

For straightslpegs or spikes are usually placed at 100
feet horizontal intervals, either on the centre line or at 12 ft.
from the centre line giving offsets to the various rails for a

track laid at 11' c.c. as under :-

Lo a o~ ‘_’,‘/.‘ 4 N
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‘Care should be taken to verify the offset before
Curves commencing work.

For curves peges or spikes are usually placed at six feet

from the centre line of each track, as shown below: -
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At tangent points tvo pege or spikes are driven on
line with the centre and the tangent point and at 6 and 10!

from the tangent point peg on the centre line of the curve.

_ Qe
<§j/’ e L.L. kb role
e I Rail
o~ —
|25

s Care should be taken to
a, verify the offset before
A1 commencing work,

Circular Curves.

In order to change the alignment from ong straicht
line to another the straights are joined by curves, in tramway
work circular curves with casement (transition) curves at one
or both ends are employed.

A Circular Curve is an arc of a circle Joining two

straight lines (the straight lines being called tangents).
angles (L). 4angles are measured for the setting out

of curves by a theodolite in degrees, minutes, and gecondg,

there being 360 degrees in a full ciccle, 60 minutes in a de-

gree, and 60 seconds in a minute and are written as under :-

Degreds °  e.g. half a right angle embraces 45 ©°
finute ! €.g. half a degree cubraces - 30'.
Seconds " €.5. half a minute embraces - 30",

An angle of forty-five degrees, thirty minuteg,
thirty seconds, would be written thus 45° 30' 30".

Deflection Angle (D.a.). The angle outside the

tangents is called the deflection angle and is equal to the
angle at the centre of the circle.

Intersection angle (I.A.) The intersection anglce

is the angle between the tangents and ig equal to 180  minusm

the deflection angle.




Radlus (Rad.) The 1adius of a circle is the distance
between the centre and the circumference of the circle.

Tangent (Tang). The tangent is the line 6f the straight
produced, and is the line which the curve just touches without
passing across it.

Tangent Point (T.P.) 1The tangent point ig that point
of the tangent at which the curve just touches it; at this point
the radius is at right angles to the tangent.

Common Tangent Point (C.T.P.) When two curves just
touch, the tangent of one is the tangent of the other, and the
tangent point of one curve is the tangent point of the other.
This point is called the common tangent point.

Intersection Point (I.P.) The intersection point is
the point where the two straight lines (tangents) meet.

Tangent length. The tangent length is the distance
along the tangents from the tangent point to the intersection point.

Secarit line. The secant line is the line joining the
intersection point and the centre of the circle.

Secant Point or Crown. The secant point or crown is
the point on the curve where the secant line intersects it and is
on the curve midway between the tangent points.

Secant Length. The secant length is the distance along
the secant line from the intersection point to the curve (at the
secant point or crown).

Circular arc. The circular arc is the length around the
curve from tangent point to tangent point.

Chord. The chord length is the shortest distance between
the tangent points.

The chord of half the arc is the shortest distance between
the secant point or crovn of the curve and the tangent point.
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Compound Circular Curves. Occasionally, but never when
it can be avoided, a change in direction is made by the use of
compound circular curves with a common tangent point as shown.

(2
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Reverse Circular Curves. When it becomes necessary to
lay a reverse circular curve (goose neck) (tey can be laid with
a common tangent point as shown below on the first sketch, or by
the more usual and better method of having a short length of
straight between the tangent points, as shown on the second sketch.
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. Complex Curves. In order to improve the car riding
qualities of the track and thus increase the factor of safety and
decrease Per. Way and Rolling Stock maintenance plain circular
curves of small radii (less than 500 ft,) are seldem laid on
tramway work nowddays. The general arrangement is to lay a plain
Ccircular curve with an easement (transition) curve at both ends ag
shown below. The application of super elevation to, and the com-

_ bining of circular and trangition curves, will be dealt with in
the third lecturs.
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fean Tangent Pointg. When a double track is laid
arounhd a sharp corner, curves of different radii are uged in
order to get Cleamance betieen carg swinging out while trav-
elling round the curves. This use of different radii increases
the distance between tracks and puts the tangent point of one
track ahead of the other, The point on the centre line between

traoks and midway between the two separate track tangent points is
called the mean tangent point,
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Rail Bending. o

In order to lay straight rails round a

curve they must be pbent either by hammering, springing, crowing, or
pressing,

Hammering. is bad Workmanship, and should never be used.

Sgringing 1s almost as bad as hammering, but may be suc-
cessfully used for the bending of rails to a radius of 5000 feet
or greater, after the rails are linked up.

Crowing (with a bending crow only), should be used to
prepare rails for curves from 150 feet to 5000 feet radius.

General.

_ Bending with a press is superior to bending with a crow
and should be used whenever possible. The legitimate work of a
crow ie to touch up rails "in sgitu" wherg/a press cannot be applied

The radius of a curve is generally quoted as the radius
of the centre line between the rails, so that the outer rail has a

ragius = the centre line radius pPlus 2'4%", the track gauge being
4| %_ll_ . . .
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.. A table showing the centre line radius, together with
the radii and bend in each ten foot chord for centre line radii from

40' to 4000' is attached.

Now by referring to the table for a curve, with a centre

line radius of 60', the inner rail hag g radius of 57!
quires a bend of 2 MW}Z'

of 62' 4%" and requirés 2 13/3o" bend in each 10 feet.

(fFet for tadive
thg hoat  tao
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2" and re-
in 10' while the outer rail hag g radius

Since with a chord of ten feet on radii up to 100! there
is a omall difference between the length of the arc around the rail

and the chord length (see sketch below),

the lengths measured

around the rail to give a 10! chord.after'bending should be slightly
increased for different radii 28 chown by the attached table, but
ag the differences are so smnll compared with the errorec in bending

they can generally be neglected.

C.L. Rad Chord
40 10°
45 10!
20 10/
0
\¢(uX£ﬁ__~_f&ﬁi\ . o 10!
/)j/// e 65 1C!
. . 0 10"
<0 haed \\ B 10!
e N 80 10"
: \ ~ 85 10!
: : go 10!
N 5 10 .
afzy. 100 10!
's///" - 7'

ATC
10703
10'0 6"
10'0‘1“"
10'0dn
10'0 ;Mé"
10'0 16"
10'0 g
10' Q&M
101 0Ln

-~ 10'0g"

10'0 ;@'
10'0 ¥gn
10!




Super-glevation or Cant. The object of canting a track
Or applying super-elevation to the outer rail is to counteract the
centrifugal (flying off) force of the tram, and thus increase the
safety and good riding qualties of the track and decrease the per-
manent way and rolling stock maintenance.

The best method of applying the cant is to run the inside
rail on the designed grade and 1if% the outside rail, but as the
outer rail of the straight and curve on the outside is sometimes
fixed by the road level it is then necessary to Teverse the process

and lay the outer rail of the outer curve to grade and depress the
inside rail.

Care must be taken to see that the lifting of the outer
rail of the inside curve and the lowering of the inner rail of the
outside curve does not put an excessive cross fall between tracks.

&“u§ __________
4\‘1\& __________________ -
! /\ s
\ ”t‘\“‘\‘ B S i By (ossiue rosy
-('(“(’\ ('nl\'
T .
NOTE. As all lengths shown on the plans are calculated with

reference to the horizontal plane, slight discrepgancies will occur
between these and ‘the actual measurements on the ground. Care rust
be taken to hold your tape horizontal when taking measurements or
setting out offsets, and allowance made in rail lengths when the
ground is not level, The length measured on sloping ground is

always greater than that on the horizontal, whether the ground be
rising or falling.
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MELBOURNE AND METROPOLITAN TRAMWAYS BOARD

_ LECTURE NQ. 3.

ot FEBRUARY 13TH, 1928.
4
- ALIGNMENT (CQONTINUED) AND SPECIAL WQRK. A .t
EASEI{ENT CURVES :- SPECIAL WORK NOEENCLATURE
o SFIRALS SWITCHES
" SWITCH SPIRALS CROSSOVERS
B CUBIC PARABOLAS JUNCTIONS.

BENDING DIAGRAMS

— EASEMZNT CURVES.

It can be easily understood that if we had a sharp curve

- finishing directly on to a straight, we would be conpelled to
- place only a small amount of super-elevation in the curve near
the tangent point (T.P.), or to have a difference of rail level
in the straight. In both of these cases there would be not only
excessive strains and incidently excessive wear in the rails and
trancars, but it would also be somewhat dangerous. To overcone
this diffinulty, however, we use what is called Easenent or
Transition Curves. 4

A Transition Curve is really a curve of varying radii,
being fairly flat near the T.P. 'and gradually beconing sharper
until it is of about the same radius as the circular curve at the
end of transition. .(See Fig. 1.) This curve enables us to
gradually apply the super-elevation.

— The main reason for a transition in tranway practice is
to do away with the shock and chance of derailment vhich is pres-
ent, for instance, on cable curves. '
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- It is the practice of the Board at present to enploy
transitions on all circular curves up to 500' radius.

Transition Curves can be classified under the follow-
ing 3 headings :-

Flain Spiral -
- Switch Spiral N
Cubic Parabola.

Plain Spiral. The plain spiral is sinplc and can
be easily understood. It consists essentially of a curve of
comparatively large radius near the T.P. and decreasing in
radius at definite regular interwals until it reaches its nmini-
— nun radius at the p01nt of contact with the circular curve.

There are several different kinds of plain spirals

but they are all based on the same principle. The one nost
- conronly used, however, is Lorain's Standard No. 3 Spiral Transi-
tion and is shown in Fig. 2 below. o
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- ‘ As the curve of the spiral at the end of transition
uct not be less than that of the circular curve itself,; it
1" obvious, therefore, that the length of the spiral used can-

. not be the same for curves of different radil. In other words,
the spiral is chopped off at the point where its radius is n
' little greater than that of the circular curve. For instance,

for a c1rcular curve of 60' radius we would use a 150~ plain
— spiral which has a length of ZF?@&}{p’;(oee Fig. 2)awd pon a conenlat
i Clorirt a](/&o ‘radccs we -woeeled ec2c a 7 g afi vl Faccicg a 4 &t 23 f-ﬂf'.
An adventage of the spiral over other‘{ypeu of trmn
tions is that a standard switch can be subsequently installed
~at very littlecost. . Thispoint is'mhown clearly in Figx. 3.

Switch Spiral. When it becomes necessary to instal

_ ‘a. swvitch and still maintain a spiral, at say a junction, then
the plain spiral is nmodified sllbhtly and it is then callcd a

evitch epiral. The difference between a switch spiral and a

- plain spiral ie that part of the flat portion of the_ plain
: , ic ic necessary ag it would nqQt be




ticable to manufacture a servicable switch to confar: to this
curve - the switch would have to be of great length and the
blade would have to be excessively long and thin. Fig. 3
shows the transformation of a 15-0- Lorains Standard No. 3
plain spiral into a 1570~ Lorains No. 3 switch spiral,
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. Cubic Parabola. Provided that the speed of all trams
is constant and no restrictions placed on super-elevation the -
cubic parabola is, theoretically, the best curve poscible for a
transition. Its use, however, is somewhat restricted on account
of these conditione not being maintained. It is used on curves
of large radii (300' radius to 500' radius) and on curves where

clearance is a governing factor.

Switches cannot be used in conjunction with this
transition as the curve of a standard switch will confom to
no part of a cubic parabola.

An advantage of the cubic parabola over that of the
spiral is that a longer transition can be obtained and hence a
better approach. Fig. 4 shows a cubic parabola 30.38' long,
on a circular curve of 100! centre Tadine.
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BENDING DIAGRAMS.

’ ' Mr. Gray has already, in Lecturc No. 2, described to

you the bending diagrams given for bending rails to eircular
: curves; the bending diagrams given for transition curves are ' -
- - ©  gponmewhat different. At first sight they may appear more dif- N
ficult, but if the diagrams are closely studied they becone
comparatively simple. Fig. 5 shows that Rail Bending Diagramc
usually given for a 15 °~ Lorains Standard No. 3 plain spiral.
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Fiz. 6 shows the Rail bending diagrams usually given
for a 15-0- Lorainc Standard No. 3 Switch Spiral. If a switch
ic used then only that part of the diagram from the hecl end of
the swvitch onward is necessary.
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. Fig. 7 shows the Rail Bending diagran for a 40' cubic i
parabola transition attached to a circular curve of 500' centre :
radius, the bending diagram in this case being the saize for

inner and outer rails.

SPECIAL WORK.

Where one track meets or crosses another track, special
kinds of tram rails are required. Such special kinds of tran
rails are called Special Trackwork, or Special Work.

Bpecial work usually consists of Points and Cwossings.
They may be either cast or built up.

Cast Special Work}gsually of Manganese Steel. If it is
properly manufactured it has the peculiar property of being very
ductile and yet very tough. All the cast special work now being
purchased by the Board is of Manganese steel,

Built-up Special Work.consists essentially of -

Base Plate

Short lengths of Standard rails cut to the
correct angle.

Fishplates specially bent nnd fitted.

Bolts.

The whole is assembled, bolted, and welded together. The
ranping, if any, is done by mmns of electric arc.

Special Work Nomenclature. The correct naning of Special
Work is, at times, of consicderable importance; and it would often
save tinme and nioney if the special work is correctly described.
This applies particularly to Standard Special Work such as 8witches,
lates, and Crossings. 'Quite frequently we seec descriptions such
as - "1 pr. of 90 1lb. interconnected switches, 1 L.H. Switch & Kate,

. 2/1 in 5§ Crossings", all of which are indefinite.




Special work should be described as follows:-

Switches

If Interconnected, then

e

Number of pairs :

Whether 80 1b., 90 1b., or 102 1b.

Whether right-hand or left-hand throw,
- Mark distinctly "Interconnected". :

If not Interconnected, then

Hunber of Switches
Whether 80 1b., 90 1b., or 102 1b.
Whether L.H. to L., L.H. to R., R.H. to R., or R.H. to L.

Mates. '

Number of Mates

Whether 80 1b., 90 1b. or 102 1b.

Whether R.H. to L., R.H. to R., L.H. to R., or L.H. to L.

Croscings.
Standard 1 in § Crossing.

Nunber
Whether 80 1b. 90 1b., or 102 1lb.

If Crossings are not Standard.

Number

Whether 80 1b., 90 1b., or 102 1b.

Draw a sketch showing length of legs, whether legs
~are curved or straight, and spread at end of legs.

S7itches are primarily used to turn trams from onc line
to another.

_The main consideration with a switch is its correct opera-
tion, If a ewitch faile to work properly then it ic endangering
hunman life, and should be attended to immediately

Switches are either used in pairs or sihgly with an open
Mate. It is godd practice to use interconnected switches for all
facing points as it minimises the risk of derailments.

& swWitch completc consists essentially of :-

Switch stock

Kovable tongue

3~way mechanisri, box, and cover

Drain box and cover .

Heel adjusting mechanisn, box and cover.
g Frs of Fichplates

18 Fishbolts

b

If the switch ie one of a pair of interconmtod sviitches
then for the pair there would be in addition ‘- : :

1 Interconnecting rod, box and cover
1 Operating gear, bo x 2nd cover.
1 Operating bar.
Attached is a blue print chowing useful switch data.

Crocsovers. There are 3 dictinct types of croscover -

L fﬁ”hgnﬁ,‘righg;;iﬁﬁ;f"d'Scissors (see Fig. 8).
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The Sciscors crossover is, however, rarely if cver used.

It is the best practice to use L.H. crossovers, as it .is
- safer on account of :- ' ’ ,

1. All the Switches are traziling, and hence do away with
. the dangers of derailment that occur with facing switches
as in a R.H. crossover.

- 2, Trams passing over a L.H. crossover turn with the
road traffic instead of againet the road traffic as
- with a R.H. crossover.

4 Left or Right-hand crossover is made up of :-

2 pairs of points.

2 Standard 1 in § Crossings.
Bent and Straight leads.
Wing Rails ‘

Rail fittings.

- (a pair of points may consist of either a cwitch and .
Mate or 1 pair of interconnected switches).

— In laying a crossover if there are any irregularitics in
the crossing or switches it is the best policy to see that align-
nent on the through tracks is correct, and then adjust or "gangle"
the bent leads to make the best poscible job.

Junctions. Junctions may be sm2ll and simple or they
may bc larzge and complex. Attached is a 1list of all the differ-

- ent classes of junction usually met with in tramway work.

Junctions are, undoubtedly, the riost difficult and com-
_ plicated of all special trackwork to lay. In any junction therc
always crop up difficulties (2nd to which special attention nust
be paid) in drainage, in sleepcr or timber spacing, in obtaining
corrcct levels, and worst of all, in endeavouring to make the
tragks "gauge" and at the same time have a reasonably good align-
ment . :

— In the laying of a junction there are, generally, spec-
ial opportunities offered for the Forerman to slum the vork. It
is far better, however, for him to do the work correctly than to
receive the temporary praise of the Engineer for cheap and fast
work, The patching up or reconstruction of a junction is an ex-
trencly costly operation. .
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=-—  UELBOURNE aND METROPOLITAN TRAMWAYS BCARD. _—

o ‘ LECTURE NO. 4 ... THE DRAINAGE SYSTEM.

+ Necessity for drainage of track.

A

B Surface Water and methods employed in dealing with it.
a) Waterproofing track surface.

c b Collection and disposal.

c

D

-Principles involved in disposal of water.

. Subsoil Water - Methods of dealing with it -
(a) Natural soil formation.

b; Ashes. : : :

_ ¢) Subsoil drain. !

— : d) Protection drains. :

e) General.

E. Maintehance of the drainage system,

___________________ i
]
_ ©oa. When a track is undrained the water enters it and remains
there unless there is a natural or artificial outlet for it. When

it remains the track foundation becomes waterlogged, and incapable
of bearing the lecad put on it.

The track then settles unequally, the rails become wavy, the
surface broken, rendering repairs necessary.

Sometimes the binder of the paving is attacked by the water,
with consequent disintegration.

o ‘ A well-drained track lasts longer than a badly drained one

before needing extensive repairs or renewal, and requircs less main-
tenance. : :

B. Surface Water.consists of rain, water from burst pipes, street
¢r track flushing operations, etc., and may enter the track through
the surface. It often carries considerable quantities of silt,
- horse manure, andother street refuse, choking up grooves, switches,
: and unless provided for, may cause derailments

: . (a) It is always essential to prevent water entering the track
— ‘ through the surface. Oomplete prevention has not yet been achieved,
but various methods are usged to-ward this end.

o The surface should be waterproofed by topdressing or by
laying an impermeable paving. Should the surface become broken
immediate patching, from this point of view alone, is desirable. as
water entering through the surface is difficult to remove, the work

— of patching is of greater impartance than is usually realized, be-
cause it reduces the quantity entering- .

When laying the paving, special care is taken to make the
entry of water between the rail and the paving as difficult as pos-
sible. This is attempted in woodblock or asphalt paving by filling
the waist and painting the filler with bitumen to give a good bond.
_ In bituminous penetration work the rail should be well cleaned, the
: space under the rail shculd be completely filled, the metal should
be well consolidated along the rail, and extra bitumen poured beside
the rail, It is expected that the extra bitumen will fill up the
voids in the metal and adhere tc the rail. BT




(b) The surface should be formed with just sufficient
camber, and of a sufficient height to readily transfer the
water falling on it to the rail grooves.

The water then travels along these grooves to
pladeg of collection at which are placed track drains, the
watet from the grooves entering by means of holes cut through
the lip: Gride are provided to cope with sudden downpours
or thoked slots:

4 track dfain ‘consigts of frames and gridg, 4 channel
and outlet for the pdssage of water, and a trap for silt.

It shouild be so tongtructed that it is easily cledned,
Care is needed in deeing that the frames are well bedded on the
walls of the channel and that the gride are seated properly on
the frames To get the easiest passage for water the sides
and bottom of the pit and channcl should be smooth, and the
entrance to the invert bell-mouthed as shown in the sketch. The
plt should be of such a depth that it will collect all the silt
deposited between cleaning periods.

RN

As switches will easily choke up in a sudden down-
pour, pits are provided at them for the purpose of catching the
eilt and in general protection is afforded by placing a track
drain immediately uphill from the switches.

’ Outlets are generally laid with six inch pipes. These
must have a fall from the inlet to the outlet. They should be
laid to straight line and grade. Silt pits for the collection
of silt should be placed every hundred feet? ™ The outlet from
these pits should be at least one inch belcow the inlet. The
junction with stormwater channels should be made in keeping with
the surroundings. The outlet should be so made as to direct .
the water down stream. In laying pipeg it is a good plan t¢
pull thtough a wooden plug to remove any"§ins left when render-
ing the joints. Pipes should be laid with the aid of a straight
edge cr a line. A level on the top of the rPipe is not neces-
sarily an indication of the grade of the invert.

48 you all know, some surface water will enter the
track. Provision must be made for its remaal or damage will
result. In concrete track, weepholes are made throuzh the
slab for this purpose. Heles into track drains on uphill side
are formedin tracks v ith concretc raft construction, In bal-
last track clean ballast under the sleepers will provide suffic-
ient get away for this water. o

The water from weepholes and through the ballast then
travels through the ashes to the subsoil drain.:

e e B ke Ll S




-~ c. The first main principle underlying the disposal of water
by means of drains is that water flows down hill. The other
main principle can be illustrated by the following example.
Let us suppose that a stream vof water is flowing at a uniform
rate of three feet per second, and that this stream is fully
charged with silt, i.e. if any more be added to it the strean
would deposit it.

‘Now if we, by means of an obstruction or a flattening of
the grade reduced that rate of flow to half its former rate, a-
— : certain amount of silt would be deposited. The remarkable
part is that this amcunt would be fifteen-sixteenths of the
total amount carried when the rate was twice as great.

Ratio of stream speeds 1 4/5ths 3 2/3rds 1 l/grd :
amount of silt dropped Nil 3/5ths 2/3rds4/5ths 15716th 0/81ths

_ This means that the rate of flow should not be reduced be-
low a certain amount or silt will be deposited. Where pipe
lines have sags, those places get silted up. Should the drain
be curled rcund an electric light post, it is liable tc get

— bleocked there. This is the reason for running drains in
straight lines from pit to pit.

- Now a pit will slow down the flow and although provision
is made for collecting silt, it is desirable to let the water
get away as quickly as pcssible: so the outlet is dropped an
inch or two below the inlet.

Inlets to Council or cther stormwater sewers from our
drains should be lccated abeove the centre of the dewer as other-
wise water may back up the cutlet pipe tov the disadvantage of

- the track,. This trouble is generally present when track drains
are connected to silt pits taking subscil drainage unless the
invert level of the outlet pipe is not less than six inches

below the inlet invert level cf the subsoil drain..

D. Subscil Water consists of seepage from the surrounding soil,

— ' adjacent water pipes, streets and gutters. It comes from the
sides and the bottom of the trench. Generally it is clear, but
sometimes carries clay or silt. Quite often a cecntinuous flow
is met with. -

(a) a sandy formation is often an efficient agent for dis-
pcsing of subscil water. In some cases a subscil drain need
IR not be laid thcugh it is generally a safeguard. With certain
classes of this formaticn ashes are not required.

(b) Ashes of the permeable variety have proved a great
- success in dealing with subscil water in tracks, through other
than sandy formations. Generally, a layer is put in the bottom of
the trench and when the country is of a spewy clay nature, ashes
along the sides prevent the clay from chcking up the metal.

It is interesting here to note that the rocller employed
determines the quantity cf ashes used to give a certain thickness.
— , With a hand roller 10 cyds. per hundred feet are required for 3"
depth in an 8 ft. grench; with & Fordson roller 121 cyds. are
required for the same dimensions. The earth formation should
be given a fall tc the subscil drain to prevent the cocllection of .
water in pockets. P




(c) Subsoil drains are of three general types, 4" agricul-
tural pipe, 4" continuous invert, and 6" conversion type.

: The ag. drdmn has given good service under ballast
tracks. The following faults should be avoided in laying this
drain :-

' Humps or sags, sudden changes in direction, open
joints, the laying of underburned pipes ( 'usually pale
in colour). It is easiest to lay the drain in ashes.

The four inch continuous invert drain is our first class
drain. It is necessary to get a smooth even grade for this drain.
Sags, humps, and turns have as bad effects in this type as in all
others. Care is needed to see that the tiles are sound, and not ;
under burned, as otherwise the tiles will rot in time. A common ]
fault is the lack of bearing formed for the tile. This may be x
due to a large or thick tile, to early stripping of the mould
boards, or faulty mould boards.

The conversion type consists of a 6" half-round tile
laid on the 0ld tunnel invert.

Thorough cleaning and building up where necessary to i
improve the invert or to increase the grade, is always carried §
out prior to laying the tiles. f

- (d) Protection drains are necessary where seepage is ex-
pected from the side of the trench on account of leaky pipes, or
where the channel is higher than the track, or where there is a
hill on the side of the track. Strangely enough, these drains
are often necessary on the highest point of section as it is here
that the track is in a cutting. '

They may be 4" ag. pipe, with pits and outlets, or a
spall or ash drain at the edge of the trench, with frequent outlets
across to the subsoil drain. In the spall or ash drain, care
must be taken to give it the efficient fall to the subsoil drain
to enable water to get away from it, and to prevent a full pipe in
the subsoil drain filling the ash or spall drain. To attain this
end the cross drains are usually made am an angle of 45° to the
centre line in the dircction of the fall.

(e) as the subsoil water is generally clean and of small flow,
and as the surface water often carries silt and debris, it is al-
ways wise to separate these two classes of drainage. Unless it is
certain that no silt can choke up the subsoil drain or the water
waterlog the foundation, then it is essential to get rid of the
surface water in such a manner as to prevent these ewils. No gen-
eral method can be given for thisg. It is always necessary to try
the subsoil drain immediately each length has been rolled, and to
rectify ang damage before any further work is done.

Faults met with are :-
. Rattling grids and covers.
+ No floor to the pit.

. ‘Rough surface of the walls.

- Arranging pit so that it cannot be easily cleaned.

1
2
3
4. Joint between floor and walls impérfectly made.
5
6. Outlet from pit higher than inlet.

.

7. Faucets down hill., Fi e o




10.
11.

12.
13,
14.

15.

16.

18.
19

20:

PR
Concrete =~ %

Earth

#Concrete

Faucets clay filled or improperly filled.

Faucet instead of the barrel 1aid on the bottonm
of trench.

Filling around pipes done in a slovenly fashion
with unselected material.

Pipes notlaid to surveyors' grade because board
or string not used.

Diversions around poles or other obstructions.
Changes in direction without pits.

Siphons put in to pass under mains and no pit
made.

Laying pipes without a concrete casing adjacent
to trees or shrubs.

Laylng unreinforced or earthenwarc pipes across
roadways or entrances.

No outlet.
End of drain running up hill.

Ugly and dangerous finish at the outlet to the
street channel.

This shape of trench for outlet;-

Pl

5

instead of this T -
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E. Maintenance of the drainage system. Firstly, inspect it
thoroughly before taking over. Then any faults are made known
and can be remedied, This, of course, entails the proper pro-

vision for flushing and inspecting all the separate portions of
the drainage system. )

Secondly, make proper provision for cleaning out the track
draine, point drains, and silt pits, These should be cleaned
out in regular order s> that none will be missed. It required
congiderable judgment to so arrange this work that the drains
are cleaned out frequently enough, and yet not too frequently.

Thirdly, make proper provision for systematic flushing of
the drainage system and the attendance to any defects found.

Fourthly, remember the importance of cleaning the rail

grooves, of patching and topdressing, and of the general care of
the tracks.

Lastly, keep on inspecting the drainage system.

ot A
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LECTURES TO PER. WAY INSPECTORS, SUB-OVERSEERS & GANGERS

LECTURE NO. 5 ~ CEMENT CONCRETE

By MR. H. H. GRAY.

INTRODUCTION.

MATERIALS.

Concrete is a mixture of cement, water, and aggregate
put in place in.a plastic condition, but hardening soon afher, due ;
to a process known as the hydration of cement. The® basic require-
ments of all concrete used in tramway tracks are strength, durability,

and economy, and the main factors determining these qualities are -

o oo s i s e W AR ¢ 28

quality of materials, water content, proportioning of the mixture,

time of mixing, curing conditions, .age, and temperature.

Given good cement, good concrete can be made from almost
any aggregates provided that they are of a clean, strong, durabls,
nature, free from deleterious matter and graded into suitable sizes,
but their selection depends on the work which the concrete is to per-
form. For concrete used in tramway permanent way construction metal,
screenings, and sand are used exclusively as the aggmegates, and the
desirable qualities are as follows :-

Cement. Three classes are used, depending on the time
available before opening the track to traff1c--

Aluminous Cement.
Rapid Hardening Portland Cement .

Portland Cement.

‘ As all cements are thoroughly tested before being allowed
to leave the manufacturers Works or bulk store, they can generally be
relied on provided they have been stored in a dry place on the job
for a period not exceeding about 3 months. Various types of cement
should on no account be mixed owing to their chemical action on one
another,

Coarse (Stone) and Fine (Sand) Aggregates used should con-
sist of clean, hard, sound, durable, uncoated pieces, free from in-
jurious amounts of soft, thin, elongated, or laminated pieces, loan,
alkali, organic, or other deleterious matter, and must be graded within
the 1limits epe01f1ed-—

Clean becauee an ecess of dust or clay in the fairly rich
mixture used renders the mix fatty and liable to crack; hard and sound
because soft metal or sand, and vesicular metal are less durable and
have a much lower crushlng strength than sound material; free from
thin, elongated orlaminated pieces, because they do not work ar pack

.ent free from alka11, organlc mater1a1

together well, and they break easily; uncoated, because a film of
dirt sticking to the stone or sand prevents a good bond with the cem-
and loam, because these mater




-

ials irn-:rfere with the proper setting of the cement. The mater-
ials ar. required to grade between certain specified limits, be-
cause materials of these grades have been found to give the densest
and most workable concrete for our type of work. If the sand and
stone were allowed to vary, we would have to be continually alter-
ing the measuring boxes to get the right mix.

Clean water, fit for drinking, is specified because
brackish or dirty water may contain alkali or organic matter and
these interfere with the proper setting of the cement, and may also
rust the reinforcement. '

PORPORTIONING.

In working out the proportions to be used, we first fix
on the strength which is required. For a certain ssrength we know
that certain proportions of cement and water are necess~ry. Thus,
if we want our concrete to stand a pressure of 2200 1lbs. per sg.
in. when it is .7 days o0ld, we use 14 lbs. of cement for every 86
lbs. of stone and sand.

After receiving samples of the stone and sand properly
selected by the method of quartering, they are graded into nine
sizes. A calculation is then made to flind the best proportions
of sand and stone to give a dense mixture. Several trial samples
are mixed up with the proper weight of cement and water, so as to
see if the mixture is workable. The proportions are varied a
little if necessary to get a good workable mix, and if time per-
mits the samples are tested before the job starts, so as to see
if the selected mix gives the required strength.

The proportions must, of course, be finally fixed on the
job, as that is the only place where the workability can be tested
properly. The use of too much metal will give a rough, harsh
working mix, which will be difficult and costly to place proper-
ly, and also causes the metal to separate out in the barrows or
trucks. A mix having an excess of sand (although it will work
more easily) will be porous, and when tested at a long period after
pouring, will give a poor strength; it also requires more water to
produce the same workability, which reduces the strength.

WATER CONTENT AND WORKABILITY.

From the point of view of economy and early strength the
water content is of supreme importance, and from the necessity to

. stringe
.face,

s

get the concrete in place around the reinforcement and against the
stringers or sleepers, and to produce a dense, rock-like mass, the
workability is almost of equal importance. The amount of water
used with each bag of cement is the greatest factor controlling the
early strength, the resistance to wear, and the bond between con-
crete and reinforcement. The effect of water on the strength is

so definite that if we know the mixture used we can foretell what
strength the concrete will have for any particular quantity of water
used. The effect of using too much water is shown below. Using
the same mixture, the following strength will be obtained at 28 days
by varying the water content.

3 gallons per paper bag of cement - 6000 1lbs. per sq. in.

6 " " " n n " - 2500 1lbs. " u "

9 " . 1} " it " " - looo le . " " "

with -

: In general without mixtures, 5 1/3rd galldns of water/each
paper bag of cement should be aimed at. With 5 gallons, the work-
ability will be bad (too stiff); with. 5 2/3rds gallons it will be
equally bad, but in this case the mix will be too wet. If the ag-
gregates are wet, particularly the sand, kess water than 5 1/3rd
gallons should be used. iixes that are too dry will give a good
laboratory strength test, but will give harsh-wérking, honeycomb
concrete, while in those which are too wet the metal will separate
out and the concrete will give poor strength amd slump away from the
rs and sleepers, and also show exceseti 1 the sur-

A ~alder.Tula in Kt oomiviy ¢ 1o is "Toas Yible bntor




SASURING, MIXING, TRAISPORTATION, AND PLACIHG. in order to se-
cure the correct propcrtions, and maittain a uniform mixture, all
aggregates should at least be measured in properly made boxes. In
other countries elaborate voighiﬂr pWant ,are coming into common
use for this purpose. The water content (for the reasons given
above) must be accurately measured and o ua*J‘u11y con,rolled other-
wise the advantages of a properly designed mix will be lost. One
experienced man only should ve allowed to adjust the quantity of
added water to compensate for wet aggregates. The time of mixing
and the type of mixer blades have a considerable elfect on the uni-
formity and workability of the concrete, and on its strength at 1

year and longer. AUQTOleauolV 20% extra strength at this age 1is
obtalned by nixing for 2 minutes instead of for “half a ninute,
and 10% by mixing for 2 ninutes instead ol 1 minute. It is the

time of mixing and not the number cof turns given that has the
greatest effect; increasing the ratz of rotation above about 18
turns per minute has littlec erffect on the concrete being mixed.
The method of transportation %o be used is primarily a question of
econoily, as long as the method tound cheapest does not cause
segregation. Since the best possible laboratory tests are of

no walue if the material is not placed correctly in *he structure,
it is at the point of placing that the greatest care must be exer-
cised and the material placed nd packed instead of being run or
pushed into position. The concrete should always be placed in
position within 15 minutes after being fa2d into the nixer; after
that it will lose strength ewing to the setting which goes on.

CURING.

Concrete hardens because of the chemlcal action between
the cement and the water. The process is slow and will continue
almost indefinitely provided favourable conditions are maintained.
The concrete should be kept thoroughly wet from 8 hours to at least
7 days after placing in order %o develop good strength and prevent
cracking. Keeping it wet also increases its resistance to wear.
By keeping the concrete wet for the periods shown below, the
strength can be increased over that which would be obtained with
the same mix if allowed to dry out qui~kly.

-~

Concrete kept wet for 7 days gives an inrease in strength of 50
" . "

) " " 30 i n " li " ] L4 5 A
n ) " " " 3 weeks 1] u ] " " "] 5%
" noooon " A months " " " " fi vl 4

TESTING.

Continuous collection of samples and testing are carried
out by the Board to determine the strength of the concrete placed
in the track structure, and to see if all the specified conditions
for mixing, etc., are being observed. As these tests do not
tell us anything about the concrete after it goes into the job, it
is important that proper methods of placing and curing should be
adopted and strictly enforced.

e e e R
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SIXTH LECTUKE

FAILY A¥D FASTENINGS.

By MR. A. T. O'MSARA. i

T | RAILS. . ;

Rails are used i ‘ "

'("!-.
ve

F
=1
(@)

give a emooth .surfacs for car wheele %o wun ou.

3
G

‘keep the cars in their proner rlace in the strest. :

.
1
(4]

i 1 i
+ withstand the wearing action pf the car wheels. i

3
4. To spread the load of the cars over the foundation : i
of the track. : . iy

T if; ‘ j' HEISTGRY.

B 46 far as we can find out, the first people to use rails RE
for movinz wheeled vehicles on were the miners of Germany, in i
, “icut the 14th or 15tk Censury. The rails were wooden, and sev-
Ta : - ex]l hundreds of years paaucd before someonc thouzht of laying a
e . : gtrip of iron on the top of the wood do 23 to prevent it waaring
T - out so quickly. This served its purpese until the sieam enizine
SRR g invented; this was too heavy Tur wooden rails, and cast iron i
as used for a time, giving placce latsr in the 19th century to e
ron rails, and later stocl. N '

-

i
| , ‘Tramways, howevér, continued to use' the combined wood and
i iron rail until about 1880. : Some were evén laid in Sydney in
| . 1679, when the first steam tramway was operhted there. (Similar
5 REE .. - ralls may be seen in the old market-gardenexs' tracks). About
E S .+ 1830 several inventors intrcduced the groove rail, with a web
e R and flange, and it has r@maiqed standard prag¢tice until to-dar.

. MAWUFAGTURE. - S 3

SRS First of 2ll izor ors is 19astsd in a btlast furnace and the
~rotallic iron is melted out of i%. Thie is run inte big ladles
~and put into a big basin ¥novh 2a an 6ren iisarth. This raw metal
cxrv2ing a lot of impurities ¥hich ars tuken out by throwing in
Liwoeg, causing the impurities to rise to the top in he form of A
4 4% the same time the carbon, manganese, znd other gubstancesg
nesiud in the stesl are added to it When the molten steel is ¢?f
tne right composition it is run into big moulds knovn asg inxcte, ;
¢ach ingot containing enough to make one rail. The ingets, when
~cold, are taken out of the moulds, and heated up in an oven to a =
~."briznt red heat ready for %the rolls. Then ‘each ingot is put thro!
¥ .o @ series of rolls, each ons saking it a little mors like & rail,
— woeewis® o until finally the finished rail is »un out. j The ends are then
CER .o savn off to correct length, and the rail straizihtened and bored
. Cold . : [ | i . :

o
]
H H

e b
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 The Inspectors have‘to;look-for theseldefects ;-

Bad shape ’ . : ’ g
Bad fishplate fit. : ' 4
Flaws, especially in the head

. @racks, - Y




TYEIS OF RA&TILS USED.

Here we use three main types, the IFo. 851 Section, ths
ad. the 102 1b. Bezides these we have the Australian Standa:
t-iiway Rail {(in Royal Park, Tor instance) anrid alco the oh 1u.
for use on curves.

The Ho. 801 Section icv a wnilway reil, and is quite suitable
for copen track, out has the following disadvantarscs fov street use :-

1. Tt needs a 74 1b. guard, se that the total weight ic 114 bz,

-

per yd. and cosia more H=n (car) a 9¢ lb. tail.

2. t is not stiff encouni for “allasted ivnckn ecnwviyiin ooiey

3. It is not strong in @ crosswine direction, and thererore
knocks out of line eagily. 4 look at St. Genrves Ione

will coufirn this,

4. The flange is too narrow; on concrete foundation the rail
wears into tie sl eepers too quicily.

5. It is not deep enoush: to wmate a strong fishplate joint niich
can be welded.

6. Water can cet through betwsen guardplate and rail, anc 5o
down into tho fouﬂdatl n.

The 97 1b. Section. This nae none oI the above cbjiections,
tut is not quite stiff ernousi: in the web ner wide enouzh in the hcmf
tyres over-ride the head ~“hen ithoy becomrs worn a bit.

The 102 1b, Rail hkas bucn

a oy the authoriticu as i
gtandard grooved rail for tramTars in Aus i

7t has rone of the defects of ihi other two, and in ac( ition
v¢ o daeeper head and groove, so allo.b for mora venr beiore it h.

e ascraanped. 15 ie heaV1er and thersfore stronser than githor ihe
82 1o. or the 90 1b., anu the fishplaites are much strourer aleo. Thz
l

D)

bt from the wheels ic taken more direstly over tha web theon in the
o. rail. :

1
L
A
-
% '33
G
7

O

The 80 1b. Ausiralian Standard Railway Fail is cuitable ounly
for open %rack, because the head is so shallow that & zuard nlate
baltel on to it would cause the wheels to "bottom" hofora the hend
had Lalf worn dovin, :

OARE TN LAYING.

It is nct enon;h t¢ 1lay rails correctlr +» f=uge, level, ang

'1tL a good top. Ths rail must also be upright, ufn*r‘ ize the vheels
“ill o“l" tread on a cmall portion ¢f the head, and thies vill cau.e
Lieavy wear on the wheels as well au dispincerent i fi¢ metel in %03

pead of the rail. Frobably Corrnaafi;nc otart more easily under

tiace circumstances. There hevwn wloepers are uced, they chould

adzed carefully, using a geood viilf adzingy rauge, 50 t“xu tln LOSTRNNL S

are prcperly in line. Ever utawn glecvers showuld aiays ke tected
wita an adziag guuye before the rails are “1. on thbm, in cawse togs
are tuicted or varped. » full beariung on tke wood is neede”, oiloro
wice the rail wiil “work" vuder the wei' ¢ - f the enrg, thun wenrius
irtc the slecper and breal ing Paa onvin. olenreidc, :

-

b, it AN i £ w3




‘SPE CIALLY HARD RAILS

A special stecl con be
Steel, and rails nads of
ose rzade of ordinary eteel:
lettara SSS rolled or siauped on tL = T process: knoun
nitizine is also uszed. This corzleis o3 tlowing cold aix
etu onte the Tails &s they cous aw roir the rellz (while wad

The eff¢ct is to harden or tempor the outside ¢f the ctool
depta of €% or so. This process can ve used either with ci-.

~
“
oL

7]

be picked out by,

v ogtesl ur “vith hi #h silicon steel. For curves, the besi rails
- : for manzaunese steel) are those made of ulgh silicon e
rhiticenlly. Sorbitic rails are pusinted Ttluw or
: : S . Wasr. Ixcept on curves, rails take many years %0 Veir
= - . out. The > capbls trams are etill running on many rails that wers laid
RS cver AL years ago. This is principally because the foundaticn undoew
BT th. rail vas nade amply stroug enough to hold the rails up. IT tls
. Ty

dation is wevw, ihe rails will crlpple unless they are ccrmiliiaal
: g 1v" lifted, and vo their real hearlng life iz not kot out or tgu
.,,wa.suremente have shown that on ballast with nedium traific tho

s+ 0 .- 7 ip only about 1/32" per year, or less. ' On coner ‘cte base tho wear
e e 'g]aﬁ_tukec place mory rapidliy. i

N On curves, the wear on the running vails can bs kept in

| cagclh a lot by frzquent “uiwht’ah to the suznrd rails. Tie cuari

— f['w;rall should take gll thc side thrust of tac cuzre woing round a curve;
SRR .+ it ie cheaper to replace the guard rail than e rupning rail.

 $CLRhUG4TI3hJ; . o

i e Tiie cause of COIrLgﬂflﬁuu nas not yet been poved, It veuld
e -,:'7_[m,dqpya1 however, that th:ey ehow - up quickly where the rail has a slight
. . epringing action, as on a couciute bace vhere the clins are not qulte

S tight. This csuvee the rail to rattle or v1brwga under the car
‘. - - wheels, so producing waves in the eurfece. ; tre rails can aouvae
— .0 i freely under the load such at on a oaliacied corrirstion takas
| IR many yea“‘ to appear. ‘

L It is important, tberefore to ges thwat all elips are vory
“;’tlvht and that they remain tight. As soon as wmovement in the rail

- -is notized, the rail should be tightered dewn on the stringers Wy 1u-
‘.nart*”; ghidng under the clips aud tizhtening the nuts.

: . The remedy for corruratlonh is to grind them out:
machine with four grinding hhsolb ig now being bhllt for the Beard
to do uﬁls cr”' . ,

F AOTuIT I:I(JS *

CFISEBCLTS, AHCHOK BOLTS, GUARDBOL%S.
L S These are all made loyally /flrst oneratlou beinz the drop
- : ‘fcrglﬂi 0T the bolt in properl shaped dies, out of piecces Tof steel
. -« har. after belng shaped in the die, the fins are removed and the
o . ults are put in a screwing machine and the thruesd cud: auto*at10a1l"
h ) Tu.e¢ holts are then dipped in oil and bagged. »zeept for dimensions,
4he main things to watch in the’ 1nspection of bolts are the va" the

= ‘ereaaly are cut end the tightness of the nuts. The nuts on all track

¢n1ts should be tco tight to turn by hand when full on, but easily
~turned with an 18n spanner. Anchor bolts are nade ‘lth a wide head
©»c as to give a gcod Fold in the concrete.

o Qct “Lar out as rmoldly

i
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— " YGOACHSCRETS.

o Toeoe &#Te hade in the s2me way as tolts. The chape and
- tinich of the threads are the main thlncs to watch in wmanurfacturs.
~ . When screws are bu*n* put in, the hole should be at least 3" smaller
' then the screw, so as to prevent the screw lifting out eaelly Inn-
wmering should not be used.

COCSPIKES are also” die forged, the fins beirng removed and the poins
: formed all in the one operation., . The hole for a dogsplxe ghiould bYe
— .~ no bigger than tue t:ickness of the spike (that is, for a 2" dog thre
© hole should be not rore¢ than 3" in dismeter.

“CLI-u. are now made of rolled stzgl, but verc originally of cast iron.
The steel clip is dearer, but csn stand more pressurs without break- ‘
ing, and gives a better fit. The bars are rollesd in & 2ill much ths
same as rails are, Then 'each ber is put through 2 combined punching
- andé cropping machine, which clite off each clip in turn, and at tha
sarie time punches a hole in it. :I1Ii necesesary trs clips are then
S "Flattened before being bagged. In placing cligs in the track the
— nole should Lz bored sc that the cnﬁﬂlder of the clip is tipght acainct
the rail flange aand against the bolt.
7T'LBA1» are LOY mace il our own shops. Tree ars cvt from wmild sheel
“bar and the ends forged to a round shape under the steain hammer. The
- barg are then put in a screwing machine and tke round ends screiec.
S s#uts should be nearly as tight as on a fishbolt. Round washers ars
S provided to give a smooth bearing for the nuts. The main thing
vatch in a tiebar is that the tvwo screwed ¢ndg ar: in a line. If they
~are not, one rail or the other will be tilted when the nutr are Tl
encd up.. Tiebars are made stiffer than they were some years ‘ago,
Becuure in stringer traci they have not the assistance of sleepers in
, LcLhihu tha rails to gauge during construction and after. In macadan
ack the tisvarc are blocked up so that the roller will nct tund the:,
'Y bpnt tiehar is .no good and may as well be out.
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LECTURE NO. 7 - WELDING.

BY MR. A. R. SMITH

— a. Welding Defined.
B. Types of Welds.

it

- c. applications of Welding.
D. Welding as applied to Tramways.

v N M B N

E. Electric Arc Welding of Tramway Permanent Way
1. Welding Set in use.
: 2. Types of Welding dormne.

— ) 3. Electrodes used.

F. Welding Costs.

e T ST W

A. WELDING.may be defined generally as "the art of joining metals",‘.

but strictly speaking it is the "uniting of two pieces of metal by

pressing them together by hammering or otherwise while they are hot !

and plastic", such as a blacksmith's weld.

e

- Néwa&éys, however, metals are joined by many different methods,
most of which are termed "welding" as the term is now applied.

any process by which cohesion or combining of the molecules or
particles of the pieces to be joined is brought about is called weld;
ing, in a general sense. Modern methods of obtaining high tempera-
tures by the use of gases and electricity have made possible the carr:
ing out of welding that could not be done by the earlier process of

heating and hammering.

B. TYPES OF WELDS. = There are four general classes of welding,

each of which is subject to much variation. These classes are :-
1. Smith or forge welding.
Cas or hot flame welding.

Chamical welding.

-:rElectricbwelding.: 




In addition to the above clacses, we have -
5. Soldenng, and
6. Brazing;
both of which are allied to welding.
Rivetting is an entirely different process from welding,

and is fast being superseded by the latter in many forms of

construction.

c. APPLICATIONS OF WELDING.

1. Smith Welding - or forging - is probably the oldest

formn of welding, and dates back almost to prehistoric times.
Evidence is available to show that good welding of this type was
carried out at least 2000 years ago (Delhi, India).
Forging is generally done using hot metals, heated by means
of a suitable fire to the proper welding temperature. Though a
-very common and important method of joining metals it depends very §
largely on the skill of the operator for success, and is in general

rather expensive, slow, and not so suitable for large or heavy work

as some of the other processes which are gradually replacing it.

Smith welding is, of course, of very wide application, but is
now uséd mainly in blacksmiths Shops. Lérge forgings such as
making crankshafts and other heavy pieces, are carried out in large
workshops. Unlike other welding processes, the plant required for
smith welding is not very portable, and this somevhat restricts the :
scope of this type of work.

The main work of this nature carried out on our Per. Way
Dept. jobs con31sts of renewing the points of picks,beater, packlng

tools, chisgels, etc.

2. GAS WELDING. There are three main commercial processes

of this class, viz -
1. Oxy-acetylene welding.
2. ...0xy-hydrogen welding
3. Oxy-Blau-gas weldlng
In all these procesgcbs oxygen is used with another gas to form

a flame of very high temperature, When correctly mixed in a sult- 2%

able burner. The flame ig dlrgcted on the work in such a way as
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to cause the metals to melt and flow together.

In most fases extra material in the form of welding
— wire or metallic filling rods 1is added to form the weld.

Of these classes of welding the oxy-acetylene process
is best known, and it may be applied to practically all classes of
repair and construction work in which metals are used. It is a

relatively cheap process, but the cost rapidly imreases with the
size of the job. v

3. Chemical Welding. "Thermit" welding is the best
known of this class of weld. A mixture of oxide of iron and
aluiminium is placed in a suitable mould and ignited. A chemical

. reaction is thereby set up causing intense heat, and "thermit"
steel is formed. This molten steel is allowed to run out of the
imould into and around the part to be welded, forming a cast-weld
of considerable strength.

As a mould has to be formed about the parts to be welded
) to hold the "thermit" steel wuntil it has cooled, the process is
B rather slow and expensive, but it forms a very good joint.

"Thermit" welding is most suitable for large repair jobs |
and also produces a satisfactory, though expensive, tram rail joint.

The main drawbacks to the Termit welding of tramway rail %
joints are as follows - . :

(a) Highly skilled operators are required. §
(b) The work cannot be done under traffic. g
H
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= (c) Repairs to broken joints are difficult to do, and ]
generally require the cutting in of a "closure". i

_ ' (d) The cost is about twice as high as that of an
electrically welded joint.

4. Electric _aArc Welding. This is probably now the most
widely used form of welding, and is yet only in its early stages.
The necessary heat for welding is produced at the site of the weld

by causing it to be a point of high resistance in an electric cir-
cuit.

The main systems of electric welding are as follow, viz:-

S 1. The Thompson Process - using alternating curreng aad

, bringing both pieces to be welded in
contact.

L 2. The Zerener Process - using two carbon electrodes

and a filling piece.

, 3. The Bernardos Process - using a carbon electrode,
- and a metal filler.

?.' ‘The-Slavianoff Process - using a metal electrode
lietallic arc) which also acts as a filler.

5. The LaGrange-Hoho Process - a combination of elec-
tric and smith welding - the pieces
being heated by electricity and joined

* by hammering. :




The Slavionoff Prodedd, whidh is B modification of the
_ Bernardos Process, is in most common use, and is used on our
work for rail joint welding, etc. An electric arc is formed
between the work and the electrode, and the intense heat so
formed melts the end of the electwode, thus providing filling
material which falls directly into the molten patch of metal
on the work, and thus provides a seam of metal joining the two
parts. '

H
H

Electric arc welding is applicable to all classes of worl

and can be used with most metals. It is the simplest type of:

. welding process, is economical, and a commonsense operator can'
soon become sufficiently skilled to produce good work,

advantages of Electric Welding. The main advantages
over the other systems of welding for tramway work are -

a. Economy.
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b. Portable apparatus.
C. Can be.carried out under traffic on the works.

d. Repairs and maintenance work easily carried out
on joints and special work. :

e. Operators for other than very special work need not
: be exceptionally highly skilled.

5. Brazing, is very closely allied to welding, and con-
sists of joining metals by fusing a filling material called
spelter into the joints by heating, the joint surfaces having
been previously treated with a suitable flux. Theheat is
produced at a high temperature. ’

— 6. Boldering - (metallic gluing) is done by metting a

' ‘ soft alloy into the space between the parts to be joined - It
can be done at fairly low temperature, but does not give much

. strength, and is unsuitable for joints in iron, steel, etc.

a4 flux is always required for this work, to clean the sur
faces to be joined.

Expansion and Contraction in Welding.

— The effects of expansion and contraction should be care-
fudly considered for all welding operations, and allowances mad
for such alterations in shape of the materidls during welding.

Castings to be welded should be very carefully treated,
and are generally preheated by means of gas furnaces, etc.,
before welding, and reheated afterwards to relieve them of any
stresses set up in them during welding. el : A
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D, WELDING AS APFLIZD TO TRAMWAYSY.

Welding plays a very important part in tramway
construc tion and maintenance, and also in the Workshops.

In the Workshops considerable smith “elding, forging,
etc., is done, and also some oxy-acetylenc welding and a consid-
erable ammount of electric arc welding.

On _the Permanent vay, or tram tracks, practically
all of the welding done is carried out with the electric arg,
though a little oxy-acetylene and smith welding is done.

#e are therefore mainly concerned in our work with
electric arc welding,

B. SLECTRIC WELDING QF TRALIWaY PERMANENT Wav. ;

l. Welding sets in use. In the ¥. & . T. B. the weldins'
sets used are of the motor-generator type. The electric motor !
®Bkes direct current from the trolley wires at a voltage of 600,
and drives a generator which produces a suitable current for ;
welding. ~The voltage before striking the arc is about 60, and i
is about 30 when the arc is struck. The amperagze can be varied |
by the operator by means of a rheostat or resistance in the cir- :
cutt according to the needs of work. ' The amperage used generalls
varies from 100 to 200 according to the conditions met with. :

The welding sets of the Board use direct current, but alter-
natingz current is quite satisfactory for vvelding and is used to
gvery larze extent by firms specialising in welding work.

W e
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In tramvay work the welding of the tracks has to be done in
place on the job, and thus the sets used must be portable so that
they can be easily shifted from place to place. For this reason
most of our sets are mounted on Ford Trucks. :

¥elding sets are available which can be operated independ- i
ently of a source of electric supply such as the overhead trolley
vire, They are provided with petrol or other independent types
of motors for turning the generator, and thus producing the
welding current. With such sets a constant voltage can alvays
be maintained in the circuit, which héps to give a Zood uniforn
weld.

Our sets taking current from the overhead vires are subject
to large variations of current at times of peak loading on the
tram lines, and this seriously affects the quality and quantity
of the welding done at these times, especially in outlying parts

()

of the systen.

In practice, the electrode is inserted in an ingulated
handle or holder in the electric circuit, and thus attached to one
side or pole of the generator, vhile the work is connected to the
other pole. The operator, after starting the machine, touches
the electrode against the vor k, thus completine or closing the
circuit, and inmediately withdraws it about 3", thus producing ,
an electric arc of intense heat, which melts the end of the clec-
trode and also that portion of the work vhere the are striles.
ilolten rietal from the electrode falls on to the work, combines
with the molten metal of the pieces to be joined; and on cooling
out a good joint is made &f the operation has been properly done,
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2. Types of Welding Done in Per. Way work. The main
types of ®lectric welding now carried out by the Per. Way Dept.
welders are as follow: -

(a) Seam welding - Joining fishplates, soleplates, guard
plates, etc., to various types of rails

(b) Bonding - attaching bonds to special work where seam
welding cannot or should not be dons,
and also acrosé rail joints in open par
construction.

(c) Building up worn track work -

1. Cupped rail heads, etc. i

2. Worn edges of railhcads and checks
round curves.

3. Special work - switches, mates,
crossings, etc., which are usually
made of special cast manganese or
high carbon steels.

(a) Ramping up crossings at special work intersections
to carry the whel treads over the cros-
sings without bumping. The whole of

- the weight of ke from the wheel is
transmitted through the narrow wheel
flange to the ramp and thence to the
rail, thus the ramps have to withstand
very severe treatment.
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3. Electrodes used In our work, the electrodes used
consist of steel wire rods varying from 6 to 10 gauge according to
the class of work to be done, and the current available, and are
cut into convenient lengths of about 18 inches,

Various types of electrodes too numerous to mention here
can be obtained from various makers, each type being designed for
some particular class of job and for a certain set of conditions. i

The main classes of electrodes used are -

(a) Bare mild éteel wire, specially prepared, with bright finisgt
and hard drawvn from high grade milé steel rods.

(b) Special classes of electrodes - of the Quasi arc type -
These are covered with a layer of some type of flux or slay
vhich is melted by theHmt of the arc during welding, thus
foruing a film or covering over the molten metal, protecting
it from the oxidising action of the air, and also allowing
it to cool down more slowly, thus improving its mechanical

strength,
These electrodes are used for welding tpecial classes of
o steel for which bare wire is unsuitable, and can be nade to

give deposits of steel of varying cowmposition, either by

using steel wire of suitable composition, or by incorporatin
in the flux covering certain ingredients which are absorbed
into the weld during welding. ’ '

Thus, for weldingz special steels electrodes vhich give a &
deposit similar in couposition to the steol itself, can be
obtamned. £

%




Electrodes used in our work are as follow: -~ :

_ 1. For seam weldihg. (Joints, soleplates, etc.) bare mild steel -
welding Wire wusually dipped in lime paste, which acts as a
light flux and tends to keep the arc steady. Flux covered
mild steel wire would probably be slightly better, but is much

— more expensive,

2. For Bonding, bare mild steel electrodes are used. The bonds
are of copper, with steel ends which are welded direct onto
the flanges of the rails. If no steel ends are used, special
copper electrodes are required.

— 3. For Building up trackwork. !

- (a) For cupped rail heads, bare mild steel wire electrode is
. used generally, though a covered medium carbon steel elec-

trode would be satisfactory.

. (b) For building up round curves we at present use bare milad
— steel electrodes. Here again a covered medium carbon
electrode would be satisfactory.
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. (¢) For building up_special work - switches,mates, crossings,
- " - etc., - special flux.-covered electrodes are used, their --
composition being such as to give a welded deposit of .
steel similar in composition tofthat of the parts to be ¢
_ welded. For cast manganese special work, manganese steel
electrodes giving a deposit containing 14% manganese are
used. For high carbon steel, electrodes giving a deposit
with a high percentage of carbon are used.

Where a very hard and wear-resistant surface is required,
chromium se¢lf-hardening electrodes may be used.

Ordinary bare mild steel wire does not give a good deposit :
on special steels, and vice versa, special electrodes do :
not generally give a satisfactory job on mild steel.

4. For Ramping up Crossings, etc. For this vork, special electrode
Which give a deposit that can stand up to excessive wear should

be used.

and
Uild steel electrodes give too soft a deposity/ are soon worn
dovn, whereas a manganese or high carbon electrode will give
—_— a deposit capable of standing up to the work for a considerable
‘ time . To save building up the whole ramp with expensive spec-
lal electrodes, filling pieces of mild or cast steel shaped
to fit into the groove may be used, and flooded over with a
layer of hard steel deposited from say a manganese or high car-
bon steel electrode.

— - Great care must be taken to embed such filling pieces firmly
in the rail groove so that they are not liable to be shaken
loose by the bumping of tram wheels over them,

Rampe should be brought no higher than 1" below the rail tread,
the wheel flanges being 9/16" deep - thus a new ramp would
raise the wheel tread 1/16" above the rail head at the actual
_ point of crossing, but it would soon wear down a little.

l ; ) .:
B S If ramps are made too high there is a danger of throwing trams ;

PN , - off the rails, and in any case causing too much.of a bunp, >
e ~Which some time

_Chips pieces off the wheel flanges




Care in Welding. Oving to the responsible nature of their YioTk,
and the fact that they are often working along the tracks without
supervision, welders should be very honest and careful men, and
shoulld exercise commonsense in thelr work ,

In building Up special work already in position on the
tracks, e.g. switch stocks, mates, rossings, etc., the welder
Hust be careful tg inbke a smooth even job without sudden bumps,
and to see that the track is in all cases safe for traffic. He
must take notice of any distortion océurring in the work through
the heating due to 7elding, and must endeavor to counteract this
if possible.

Switch tongues must on no account be built up in the track
but should be replaced by temporary tongues and taken to the spec-
ial work depot to be repaired and afterwards straightened.

Welding steel deposited on running surfaces should be han-
mered while hot to give ac smooth and even a surface as pocsible,
and preferably ground smooth with a suitable grinding machine.

Unless good pénetration of the welding deposit into the
main body of steel is obtained, the job will not be successful .

For seam welding the operator does not Tequire such a high
degree of ekill as for building up special work, but he must never-
thelese exercise great care in order to obtain a good job,

bul® must get good penetration into both the metals %o be
Jjoined,7dt the same time must take care not to burn -
the depésit by using too much current.

He should produce a good full, even seam free from blow-
holes, cracks, etc., provided he has suitabie electrodes and curremnt .
He should notice any tendency of the work to distort oving to heat-
ing, and should take steps to counteract these effects by taking
down the work here and there, and perhaps by commencing running a
seam in another part of the job. A careless welddm can throw the
raile of a track congiderably out of line by carelessly welding of !
the fishplates without thought of expansion effects. |

Fighplates arc shaped at the top and bottom so as to mare
e suitable angle with the rail head and flange for sean welding, to
enable the welder to play the arc well into the joint and thus
obtain good penetration on both sides.

It is preferable to run a light seam first with say a No.10
faure electrode to penetrate well into . the joint, folléwing thig up

with a heavier geam using say a No. 7 gauge electrode to Zive a
strong weld., :

Welding of joints should be carried out as soon as possible
after the track has been lined up and properly fastened 80 as to
catch the joints before they open up through expansion and contrac-
tion of the rails owring to temperature variations in the atmosphere,

Any open joints should be packed as tightly as possible with
mild steel sghims shaped like the rail section before the welding is
done, and the parts to be welded should be scraped clean and brushed
vith a wire brush to glve the best results, but this is not so im-
portant if covered electrodesg are used, as the impurities in the
Joint are dissolved by the slag and come to the surface of the molten
metal, For this reason it isg undoubtedly better to uge say covered
nild stecl electrodes in preferonce to bare wire in repairing: seam
welded joints already in the track, and also for weldines joints in
0ld reconditioned rails which are gencrally dirty and rusty.




Fishplated joints are welded in order to -

1,
2.

g

(e W e

Ilaintain good electrical donductivity across the joints.

Add strength to the joint.

Inspection of Welding. A careful inspection will generally

suffice to determine whether welding work is reasonably gfood or other-
wise, the main points to look for being as follow, viz.

1.

2.

The wielded surfaces must be well and evenly tacked to-
gether. This can be judged fairly well by eyec.

The color of a weld indicates its quality. If the bead
turns red and rusty looking within 20 minutes after the
weld is completed, it means that the heat was too great
and the metal was burned. If it stays steel-colour

1t has not been overheated.

Penetration, or depth of weld, which is Very necessary
for proper uniting of the parts, is indicated by absence
of "spattering" of metal. The presence of "spattered"
metal shows lack of depth of weld, and probable weakness.
If the bead stards out on the surfaces, and shows an
‘undercut edge, like a drop of solder, the fusion is in-
sufficient, but if the bead surface at the edge is curved
the other way, and looks saucer-shaped, good fusion and
penetration is indicated.

Precautions in Welding.

1.

2.

‘Protection of the éxes. The electric arc provides a very
intense light at 1s injurious to the naked eye and con-

sequently should not be looked at except through suitable
dark glasses, even for a second or so only. All our

welders are provided with shields fitted with dark glasses !

Connection of machines to overhead wirds. Grecat care

must be taken to see that the machine is earthed to the
rails, etc., before makinz the overhead connection, and
to see that the latter is disconnected before the connec-
tion %o the rails (which should be welded) is broken off,
otherwisc there is danger of severe electric shock.
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(F)." WELDING COSTS (ZLTOTRIC ARG WELDING).

The M, &

, M. T.Bs spends a largze amount of monecv annually
on welding,

The Per, Way Departiment has seven par table w elding sets
in action at present, vi th a versomel of 2 welders, 9 assigtants,
and 1 Foreman weld cr, the total annual wages alone for these
men amounting to aporoximately 25,500-

A(d) Costs of electrodes:— (#arch 1928)

— No. 7 g2uge Barc iild Bteel wire - £22- per ton or ;
abt. 1/5d prI00

" 8 " Flux Covered " " about 20/- per 100",

- w8 v "  Manganese Stecl ! 35/- v ow
vire ;

L I " edium Carbon .

_ steel wire woa5/- mom
S8 o " ¥igh Carbon Steel i

wire "o30/- mom

: . g on "  Chromium Self !

Jardening Steel wire " 30/- n

(b) Electric Power costs about 3d per machine hr of weldiné
i

(c) Cocts of Welding Joints, etc. with bare wire — Yo, 7

gauge i
- 90 & 1021b, 60 1b.(601) 10 inch Steel ended
Details rail jt. rail jt. soleplate bond (both
ends)
- Weld., Materials
Electrode 25" = 43d 30" -« 5d €' = 1é say 1d
Flux say 1d say 1d _ .
- Current " 3d " 44 "o 1d " 14
Lebor lhr.2 2/4; 13hr 2 2A=2M 3hr.32/4=-F ihr 92/4-7d
_ _ 1nr 3 2/-)4M T8 T30/ 206 Th aiecds *h 2y-=6d

Total cost per

unit 5/0% 6/3d 1/3d 1/3d

(actual labour
é& iHaterials

— Add 40% of 1/8%d 2/2d 5d 5d
labor for O'head :

Total cost per

unit - 6/9d 8/54d 1/84 1/84d
(Inpl. O'head) .

(d) gost of snmecial welding. This varies considerablyp
according to :- :
R Al) The type of worlk %o be done
2 The class of electrode uged
3! .The skill of the omrator
(4) The troffic conditions. .




—-——  MZILBOURNE aHD LETROPOLITAN TRAMWAYS BOARD -

LECTURES TO PERMANZNT WAY INSEECTORS & GaNGERS. 19.3.28

L

t4

CTURE __HO. 8

T ILBER
By #R. J. J. FISCHER.

ITRODUCTION : DECAY OF TILEZR

PROFIRTIZS & STRUCTUEE . SPACING & LaYING OF SLESPERS
: | TI::3ERS

SUITABLE & aVAILABLE VARIETIES - STRIF'GERS

PRODUGTIOH. : |

SEASOHING 4HD PRESERVATION. :  WOODBLOCKS,

INTRQDUCTION.

In practically all of the Fermanent Way at present being
laid by the Board some timber is used; it may be considerable or
it"may be small. The quantities and costs of the timber used per
inile of double track, 90 1lb. rail, 11' centres are roughly: -

Sleepers - 450C ... £2,200
Stringers 1408 ...  £1050
Woodblocks 28%5,000... £5000

These costs do not include that for cartagze, laving, etec. It can

be seen, therefore, that some knowledge of timber is of importance
in tramway work.

PRQPERTIZS AND STRUCTURE OF TILBER.

4ll timber is cut from a tree; therefore, to understand
the properties and structure of timber, it is necessary to studr
the tree from which it is cut. 4 tree consists essentiall:r of
3 distinct parts - roots, trunk and limbs and leaves. as all
timoer for Tramway work is cut from the trunk, the other parts
will not be considered here. ‘

If we cut through any tree, especially a young one, we
will see certain markings as shown below:-
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- sound, but of course free from

On the outside we have a corky layer, or bark, then a
light coloured wood or sapwood, then a darker c¢oloured wood or
heartwood. If we look more closely we will see in the wood a
series of circles; these are called annual or ‘rood rings. On
looking still more closely we will see fine straight lines run-
ning from the bark towards the centre - these are called medul-
lary or pith rays: Right in the centre of the tree, inside the
first ring is called the pith.

Thege can all be geetn with the naked eye, but if we now
make an examihation with a microscope we will see that the woody
fibres consist of a large number of small cells or tubes, rect-
angular in shape, which are pdcked closely as in a honeycomb, but
on a much smaller scale. These tubes extend from the roots to
the endsof the branches, and they provide a channel through which
sap flows to all parts of the tree,

all timber trees grow from the centre outwards. That is i
the woody fibres are added on the outside and not on the inside i
as in cases of numerous smaller plants. :

The bulk of the timber is made up of annual rings, each !
of which represents one year's growth. The lighter rings are
formedin the spring time and the darker ones in the autumn. The
wood cells are packed much closer and the cell walls are much
stronger and darker in. the autumn wood than in the spring wood.

SUITABLE AND AVAILABLE VARIETIES.

It is generally conceded that the stréngest and most ?
durable timber is that of greatest density - thishiot always cor-
rect, but it ‘s generally so - and the most dense’ timber is
usually that of very slow growth or which shew otherwise the an-
nual rings very close together. -

It is often asked - "which ig the best timber?" For
Tramway work this practically means which is the most durable. Of
course there are other essential properties such as strength,
ability to withstand wear, gripping power on spikes, etec., but in
Australian timbers it can be fairly truthfully said that if the
durabili& of a timber is satisfactory then it is also satisfactory
as far a fg%her Tequirements are concerned. Although there are
undoubtedly numerous varieties of timbers very suitable for Tram-
wvay work we are practically confined to a few because of the limited
supply of some of them. Then again, there are ample supplies of
some varieties, - %hich are of inferior quality. Belo'i is a
list of the classes of timber which are available and have proved
satisfactory for Tramway work :-—

Red Ironbark
Grey Ironbark
Red Box
Grey Box
Yellow Box
Gippsdand Box
Forest Red Gum
Murray River Red Gum
Jarrah

Of course, if timber has a bad defect before it is placed in
position we cannot condemn that variety of timber for early decay.
The ideal position would be to have every piece of timber perfect;
this ie impracticable, especially in Victorian timbers, as the cost - .
would be not only prohibitive, but the supply would be very much 4
limited. We have to be contented, therefore, with timber reasonably%
any vital defects. :




The main defects usually mt with when inspeoting timber
are rot, white ants, grub holes, gum pockets, shakes, cracks,
knots, waney edges, warps and twists, sapwood, pith, pipes, undor-
size, and not the least important, variety.

PRODUCTIQN

Very little need be said about how the different kinds
of finished timber articles are produced. You are all familiar
with that. It is as well, perhaps, to point out, however, a few
of the main features.

. ' The beet time for feélling timber is in the winter months,
as there is practically no flow of sap, which means that there is
less inducement to decay.

In the production of timber it must be remembered that
the shrinkage of a log is not uniform throughout . It is twice as
great around the annual rings as aoross them; the shrinkage length< -
wise is so small that it is practically negligible.

Stringers, timbers and sleepers are cut "on the back" for
the obvious reason - to minimise splitting,

;
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Woadblocks are cut with the longitudinal fibres running
the same way as the depth of the block.

SEASONING AND PRESERVATION.

The whole problem involved in timber preservation is the
replacement of the sap by some suitable preservative. This means
that the sap must first of all be removed, as it is impossible to
satisfactorily force any preservative into the small cells or
cavities if there is something already in them. This removal of
sap is accomplished by seasoning.

(a) Seasoning; It has already been mentioned that all
timber is really a honeyccmb mass, and when the tree or timber igs
green the cells and cell walls are, to a great extent, saturated
with sap. Seasoning means the drying out of a large percentage of
this sap. Timber is said to be seasoned when it has lost one
fifth of its weight, Seasoning may be natural or artificial.

Natural Seasoning , as the name implies, is getting rid
of the sap by natural means. The most common method is air season—
ing, and is the method adopted by the Board at present. This is
usually done by stacking the timber so that air rnry pass freely
through the stacks. The length of time to seascn timber by this
method - in fact any method - depends largely on the sizes of the
pieces, For sleepers it is from 9 to 12 months. ’

another satisfactory method is to soak the logs in water
for several days. They are then pulled out and allowed to dry in
the air. By this means the sap is replaced tc a large extent by
water, and when the log is allowed to dry the water drys out. Water
-drys out much more quickly than sap.

Artificial Seasoning.is used to expedite or hurry on the
removal of the sap. What takes several months by natural seasoning
can be accomplished just as satisfactorily in a few hours by artici-
cial means. There are numerous methods, but perhaps the most satis-
factory method is to place the timber in a warm, moist atmosphere
and then the moisture gradually reduced until dry air only is used.

;




(b) bgeservﬁtion. If water or sap can be dried out of
bimber, so can water re-enter it, and the water that re-enters the
timber is not always - in fact, very seldom - pure, It ucually
contains, amongst other things, very small spores of rot fungi.

These spores are so small that they can be carried wherever rater
will go, and once they are lodged in suitable surroundings, decay
%will commence. It is obvious, therefore, that once we have got

rid of the sap water must be prevented from entering the tiwmber.

This ic done by meanc of a suitable preservative, If a permanent
pre servative is satisfactorily applied, timber will last a very
long time indeed. The main cauce of many failures in the preser-
vation of timber is that the preservative itself is not permanent .

It vould appear then that the ideal would be to remove all the sap
and refill every cell with a permanent preservative, such as bitumen.
Thic can be done, but is extremely costly. We have to be content,
therefore, with the most economical proposition. Generally in other !
countries the treatment of cleepets, etc., with Creosote (either by E
pressure or steeping methods) is the most economical. (Crcosote '
is distilled from tar and can be briefly said to be all that pvart i
of the tar heavier than water and lighter than the residue, pitch). ]
No definite information can be obtained, however, vhether it vould
be an economical proposition for our best hardwoode, such as Iron- !
bark, etc. ' 1

The Board at present use the steeping process for wood-
blocks, and painting proceses for stringers, using crude tar as the
precervative; the sleepers and timbers in most cases receive no
treatment whatever. It is our intention, however, to look into the
question of treatment, and if a more economical proposition can be
found, new methods may result. ’ :

DECAY OF TIUBER.

There are many different kinds of diseases, not only in dead
timbor, but also green timber. But as all timber dealt with by the
Board is dead, we will deal with that alone.

Although "wet rot" is undoubtedly the most general form of
decay, the most common disease occurring in Tramway work is "dry rot"
(The name "dry rot" ig nigleading, as the disease cannot exist “here
moigture does not occur). We can, I think, safely say th-%t 90 per
cent of our failures are due to this particular disease. For the
successful growth of this rot, the conditions must be suitable for
it, and unfortunately, the timbers in our tracks are in such & posi-
tion as to oconform to that suitability.

. The essentials for the growth of this digeage are moisture,
warmth, still air, and darkness. If we do avay with any of these
factors we do away with the dicease. This is another reacon why
special attention should be mid to track drainage.

SPACIHG aND LAYING OF SLEEPERS, TII'BERS, AKND STHRINGERS.

Sleepers and Timbers.are usually spaced at about 2'6" centres,
with a maximum of 3' and a minimum of about 1'6", The maxinum dis-
tance is governed to a large extent by the strength of the rail. The
factor governing minimum spacing is the difficulty of packing mater-
lals saticfactorily under them. ‘




Sleepers and Timbers are cut "on the back" and are placed
with the sap side uppermost. Ydec/f se

Stringers are, as you all know, placed under the rail con-
tinuwously. They are, like timbers and sleepers, also cut "on the
back" and placed with sap side up. The sap side is dressed to
ensure ac-good continuous seat for the rail.

It may as well be mentioned that on account of the dif-
figulty of ascertaining on the job which side should be placed
uppermost due to the stringers being tarred, a small chip is taken
off one corner, on the sap side, before tarring.

WOQD BLOCKS. !

Woodblocks are cut, as stated previously, with the grain
of the timber running with the depth of the block, for the reason
that end grain offers the greatest resistance to wear and that !
shrinkage is the least in this direction. i

Upon their arrival in the Store, woodblocks are inspected,
gauged, and stacked. They remain stacked until required on the
job so as to allow as much as possible of the sap to dry out, and
they are then tarred befoae being sent out.

In laying woodblocks adjacent courses should have the joints
staggered. On account of the blocks swelling when they get wet,
expansion joints are provided.
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> Cement Concrete




Av  PAVING MATERIALS
, v (1): MNearing Materipls.
B | fhe metal used Enouid be of govl quality to resist the

forces opefating to destroy the puvetbnt and should podkessg the fol~
owing qualities!-

— 1. Hatdflegd, or the property %o rebkist the abrasive ac-
tion of Wheels and horse shoes on it. For City work
under Hheavy traffic where a good binder is usually
used véry hard stone is desifabie.

2. Toﬁgggeeg or the quality to resist sharp blows from
steel or éolid Tubber tyres-without fracturing and
. thus becoming loose in the pavement.

3. Fracture, or thé stone's ability to break into well-
- shaped pieces under the action of a jaw or gyratory
- crusher.

Many different types of rock can be crushed into good metal
but since most of our metal is obtained from quarries around lMelbourns,:
we get practically nothing other than basalt. !

§
!

Basalt is the rock formed when molten material called magma
- flows on to the surface of .the earth through a volcano or fissure
and cools on the surface; all the basalt around Melbourne flowed
out from Mt. Macedon and Sunbury when thisc area wasg active. As Mt.
Macedon was active intermittently there are numerous flows, each
— showing different characteristics, and as many as three different
flows can be seen in one quarry, each layer producing a metal of
totally different quality, one being compact and close grained, and
another coarseé grained and honeycombed, and generally unsuitable for
heavy traffic. Vesicular or honeycombed basalt is caused by water
in the magma turning into steam on the release of pressure, when the
material flows on to the surface, the steam blowing the holes in the

_ slowly cooling rock, Even in one large flow it is found that the
' bottom stone is dense and hard while the top stone is soft and full
of holes.

- | (2). Binders.

l. Tar. Tar is the by-product of a number

: . of commercial provessos, such as the manufacture of
o _ gas in a water-gas plant, the manufacture of coke in
coke ovens when using blast furnaces, and in the
manufacture of coal gas in retorts. :

As tar from the manufacture of coal gas iu the only type
produced in Melbourne in large quantities, I will deal with it in

some detail. The coal is heated in a retort either horizontal or
- vertical, the latter generally, as it produces more .gas per ton of
coal than the older horizontal type of retort. From our point of

view the latter produces a less quantity and poorer quality of tar.
_ When the gases pass to the condensors and scrubbers ammoniac:al
liquors, water, and tar are drawn off and run together into a sep-
arator tank, where more or less of the ammoniacal liquors are drawn
off; the tarry product called crude tar being run to the storate
P— tanks. The crude tar is then carted to a distillery for the re-
| moval of the water and lighter oils and the production of various
grades of distilled tar according to the temperature to which it is
raised. Removing all the water by heating to apgroximately 170° ¢.
will leave dehydrated tar in the still, up to 230° €. will leave
riedium refined tar up to 27T° C. héavy refined tar, and above 270°¢:
pitch. The light oils taken._off .are &epnrated generally into anmonia,
benzine, carbolic, cresote oil..and green grease, from which numerous
valuabl hemi T ned.




The qyalicy of the distilled product obtained from
a coal gas crude’/Mepends from a road making point of view
on the quality of coal used. the tyre of retort in which the
gas 1s extracted, and the temperature to which the crude tar
is ralsed and the sime it is kept at that tomperature in the
tar distillation plant.

2. Bitumen, Bitumen free from organic or mineral
mattor is obtained from two sources. the firss being in cer-
vain natural deposits in Utah and Colorada in the U.S.A., the
sccond being a by-product from the distillation of crude oils
for keroseno and petvrol: Thc crudc oils arc obsaincd largely
in Mexico, Amorica. Persia and Russia. As little or no
bitumen from the first source is used by us, I will deal morec
particularly with the sccond class. The crudo oil is first
put dhrough an elaborats proccss for the rcmoval of as little
kcrosone and as much petrol as possible. leaving as little
recsidee as she manufacturer can. The residue is then passed
to stills and ite tomperaiurc raised by certain steps, using
fires or stcam according to the patent under which the par-
ticular manufacturer works, the distillation proceeding some-
waat similarly to that used for %ar except that sicam or hot
air is blown into the still to agitate the crudefland that
lubricating oils and commercial greascs are rcemoved and by ¢
carcful manipulation of &he vemperature and time in the still :
the various grades of commercial bitumen are produced. The
grados produced vary in consisicency, which is called the :
poenetration and indicates the suitability of the product for ?
various classes of work, traffic, and temperaturc conditions.

The grades or ranges of penctration are usually stated for
the hardor typos in 10 point intervals. e,g, 30 - 4o, 4o - 50,
50 - 60, 60 - 70, 70 - 80, 80 - 100, and 150 - 250; the lower
the penetration number the harder the bitumen is. The
qQuality of the bitumen from éur point of view depends on many
complox factors, the mos important of which are the type of
crude 0il from whi ch the material is distilled, and the pro-
coss of distillation and agivation used during manufacture.

B, PAVEMENTS.

(1) waterbound Macadam. This pavement is unsuitable
for tramway work as it disintegrates rapidly alongside the
rail owing to the weakness of the binder. I¢ consists of
a layer of broken stone 21" gauge spread evenly and compacted
by a roller. 3" screenings arec spread and thc road is then
watered and rolled. The coating with screenings, the water-
ing, and the rollinz are continued till the pavement ddes
not move under the roller. The 21" stone is really held .
together by the weak cemeni of stonedust and wator formed
in the procoess of laying the pavemont.

{2).  Tar tacadam is a pavement which consigts of

bfoken stone, 21F° gauge neld together by means of tar. ‘A
good surface.is genorally obtained by laying a 1%" (con-
solidated) coat of tarred i soreenings. This class of
pavement has been superseded by the bituminous pavemen: on
account of the longer l1ife of the lattor.




3, Bituminous Macadam. The penstration type of this class

of pavement has proved entirely gsuitable for ballast tramways and
for surfaoing suburban tracks oarrying medium road traffic. as
it comprises a large area of the present tramway pavements the
method of obtaining a good pavement is dealt with in detail.

(a)

(v)

(a)

(e)

(£)

The railg, particularly under the head and lip are
thoroughly cleaned. This is necessary to give the
bitumen a chance to stick to the rail, It will pre-
vent early patohing along the rail.

The secondhand metal, if available, is then evenly
spread to the level of the rails. No lumps of as-
phalt or stone which will not pass through a 3" ring
should be left in the track. 68mall stone and dirt or
clay shauld be kept out of the track, The space
under the rails should be well packed with metal.

If new metal is used for this layer it should be
bound with forkings or screenings.

This layer is well consolidated by means of a power
roller, Lack of rolling at this stage will lead
to wavy and low pavements., It is ippossible to
consolidate a layer of greater thickness than six
inches in one rlling.

A layer of new stone 23" gauge is then spread over
the secondhand me tal and well rolled. It 1s ec-
gential to spread this metal evenly and to get a
good surface parallel to the final one. Tipping up
dray loads in one lot should not be allowed.

A final layer of new 2" metal is then spread co as
to finieh to approximately 1" above rail level after
finishing the pavement. The mp tal is packed tightly
under the head and 1lip of the rail.

_ be allaowed abpve 350°

It may be necessary to add this layer in two or three
portions when the work is done under traffic. Care
should be taken to get the surface of thie layer with-
out bumps or hollows, low at the track drains, flat
across important street croesings, oT where one track
ie much above the other.

The new metal should be from 3" to 4" thick when finally
consolidated. Rolling should cease before the stone
crushes and fills the voids.

Hot bitumen of a suitable grade is then poured along
each rail for a width of six to eight inches. The
quantity should be from two to two and a half gallons
per sq. yd., i.e. 4 gallones for 40 feet of strip.
Immediately after pouring, 3" screenings only suffic-
ient to prevent the roller picking up the bitumen, are
spread on the strips. Without delay the remainder

of the metal is covered with a coat of bitumen which
is poured from cide to side in diagonal strips, the
splash at the ends giving the rail stripc a light
second coat. For this portion approximately 13 to 13
gallons of bitumen is used per sq. yard. 3" screen-
ings are then spread as for the rail strips, the roller
being used immediately to tighten the pavement.

The bitumen should be as near to 3500 E. as possible
for pouring. In cold weather this is more necessary
than in hot. The temperature in the tank should not

“as it will be damiged. Even

pouring ssentia




The stones should be well coated and the bitumen should
go down the three or four inches of new metal.

The reason for putting the screenings on and rolling
immediately after pouring is that th& bitumen cools
off quickly and hardens. after this occurs extra rol-
ling fractures the bond between the stone and the

bi tumen. ‘

The extra bitumen is put along the rail to get a good
bond between the rail and the stone.

The quantity of bitumen required is more in the winter
than the summer. For winter work 80/100 penetration
is suitable,while for summer work 60/70 is best.

The diagonal pouring tends to prevent any cross ridges.
With inexperienced pourers it is desirable to pour in
a direction parallel to the rails in long strips fin-
ishing these on the skew.

(g) Rolling is continued till no movement is noticed under
the passage of the roller and till the surface is smoo thi
to the correct shape. :

Sheuld fracturing occur rolling should be postponed till
the temperature is higher. If too little bitumen has |
been used, the pavement will not tighten under the rolle:
but will keep on the move. :

(h) Hot bitumen is then poured over the surface by the "tin—'
hare" method, and toppings dusted on it, after which a

final rolling is given. This method is the one used to
give a thin coat of bitumen approximately 1/10th gallon
per square yard. :

: dirt
(1) During the whole operation care should be taken to avoid
grooves and delays or derailments to traffic. Some carc
give only two inch clearance on a level road, and this
adds to the difficulty of the work. On vertical curves
the clearance is decreased.
4. Cement Concrete. This pavement is seldom used in tramway work.
It is placed in the usual way, but special attention is given to gettin
a stiff mix and to the finishing operations. The surface is first
screeded, then mechanically tamped or rolled, with a light roller, -and
smoothed with a belt. The concrete is cured by covering with damp

earth or sand for periods up to six weeks.

. Asphaltic_Concrete Pavement consists of stone passng a 1" screen,

5" Screenings, Sand, a bitumen heated and mixed in a special plant, and
laid while hot in a 2 or 3 inch layer. A seal coat of sheet asphalt
is spread in a thin layer over the first layer and the whole rolled as
one. This type has been used in Camberwell and Whitehorse Roads and
High Street Malvern by the Councils. edndl o TAs R




6. Topeka Asphalt is a hot mix pavement consisting of carefully
graded stone, sand, and filler, and bitumin spread and laid while
hot. The maximum size of the stone is i". Not more than 30% of
the aggregate is retained on a No. 4 sieve, and containing not 1less
than 10% of Portland Cement of liméstone dust as a filler. '

7. Warrenite is a hot mix pavement consisting of carefully
graded stone, sand and filler, and Warren's bitulithic cement
sprend and laid while hot. There are two layers, the bottom
layer of coarser material being covered with a thin layer of
finer material, both layers being rolled together to form a
single carpet. The aggregate of the bottom layer has 60% - 70%
retained on No. 4 sieve. :

8. Sheet aAsphalt is a hot mix pavement consisting of a carefully
graded mixture of sand passing a No. 10 sieve, Portland cement @
filler, and bitumen. The mixture usually contains from 70% - 80%

of sand, 10% to 14% of filler, and 9% to 11% of bitumen mixed in
a special plant and laid while hot, forming the highest class of
asphnaltic wearing coat.

9. Refined Rock Asphalts consist of sandstones and lirestones
naturally mixed with native bitumen found 2t V2l de Trovers,
Seyssel, Lunmer, Barmuda, and Trinidad. The rock asphalt is
dried and blended to produce the correct mixture 2nd quantity of
bitunen and exported in blocks. The btlocks when required for
use are heated until the whole mixture becomes plastic, and then
la2id 2and consolidated while hot.

10. Woodblocks.

(a) Rendering. In laying 2 woodblocked pavement the first
essential is to have the rendering well done. Without
this a good job is impossible. The rendering in all
cases should be parallel to the finished surface. Care
is required at silt pits, track drains, important cross
streets, etc.
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(b) Waistfiller. The next process is the filling of the
waist of the rail. Cement nortar, 1l:4 is coironly usec
and has proved successful when well put down before the
line is open to traffic. Bitumen, sand nnd stonedust
if properly formed niake =2 good rnil filler., The "w-ist
filler" riuct be full so th~t the blocks can prese into
them.

(c) Foot of rails. The opening At the foot of the rails is
filled with bituminous concrete or sheet asphalt, well-
rarmed in, to give a true and solid surface for the
blocks to sit on.

(d) Blocking. The rendering should be thoroughly clean;
the waist filler should be painted with bitumen before
blocks are 1laid. Blocks should be laid to give -
brenk of joint of not less than 2". A string course
is necessary at the edge of each margin, and two are
required in the six foot. Cutting of blocks should

be reduced to A minimum. All cut blocks should be
dipped in tar and all spaces under them filled with 4
the bituminous mixture.




(a)

cont'd.

If any blocks rock they should be replaced. Blocks
should not be cut over tiebars, but butted close to
them. The whole over the tiebars should be filled
with waist filler mixture.

Expansion joints should be left in the margins and
the six foot, the number depending on the class of
block. Red gum shrinks more than jarrah.

These should be 1" wide, filled to 1" depth, with
well-rammed sawdust and the remainder with bitumen.
As soon as possible after laying the blocks the sur-
face should be top-dressed to keep the water out.

Woodblock pavement is our first class pavement and
is adapted for the heaviest traffic.

c. WEARING COATS.

those of the asphaltic type, and is

Topdressing is applied to all pavements other than

face, provide a wearing carpet which can be easily and cheaply
renewed, and to protect the underlying pavement frcm excessive
wear and disintegration. In the case of woodblocks it also :
protects them from the results of the exposure to the direct ray.

of the sun.

——— ——— —— - ——— ——————

e e
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laid to waterproof the sur-
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LECTURE N°. 10.

lionday, April 16th, 1928.

TYPES OF TRACK.

By aA. T. C'liEARA.

In deciding on the type of track tco be laid in any particular

street, we have to take into consideration the focllowing points :- @

1.
2.

10.

The cost.

The foundation must be properly drained.

The load of the tramcars coming onto the rails must be spread %
well over the fcundaticns, a weak foundation requiring a stronger
base under the track. :

The rails must bte supported and anchored so as to have very
little movement.

The rails must be held securely to gauge.

If possible, scme sort of cushicen should be provided under the
rails to give smooth riding.

The paving must be of a kind that will stand up to the vehicular
traffic without unduly expensive maintenance.

The rail joints must be designed to withstand the impact from
car wheels and to give good electrical conductivity.

The part which is the mcst expensive to renew should be the mcst
permanent.

Probable future alterations.

Tramway Engineers are still searching for the ideal type.of

track that will fulfil all of the conditions mentioned abcve, but we

can study some of the types used in Heltourne tc see how near they

come tc the ideal.

(a)

BALLASTED TRACKS.

Gpen Ballast.

1. Cost. ~This is the cheapest type to build, costing from
£18,000 to £26,000 per mile of double track according to
the fencing, kerhlng, crossings, etc., required.

2. Foundution is easily drained, either by ucint o cambered
_formntlnn '1+h cpen side draing, or 6" °ubsoil drain.

3. The lcad i “ﬁpruxd over thu foundatlon by me°v ~of sleeper
and mer tal e ‘ 4




e it

L

5. The sleepers hold the track to gauge securely. é
6.  Cushion under the rail is provided by the ballast, :
which permits the rail to move up and dovn a little.

The metal also deadens the noise.
. No paving is needed.
¥
8. Rail joints can be made strong by using flanged fish-
plates. Bonds provide the return circuit.
9. Renewal of the ballast is necessary only after many
years, and can then be done cheaply.
10. Future alterationc are easy.
The 1life of rails and sleepers in an cpen ballast track %
should be about 20 years, except on curves. The maintenance é

should be light, consisting only of occasional lifting at low

joints, etc., weeding, and attention to drains.

.(b)

flosed Ballast Track.

1.

2.

Cost of this type is £23,000 to £26,000 per mile D.T.

Foundation drainage is provided fairly easily by means
cf a laycer of ashes and a suitable subsoil drain.

The load is spread cver the foundation by means of
slecpers and ballast. The depth of ballast should
be greater on weak subsoils.

Ra il movement becomes pronounced after a year or tvo
and is the main cause cof maintenance. It is due to
the rail moving a little on the sleepers, andé the
sleepers moving on the ballast. Water gradually
cete in alongside the rail, and by "pumping" 2ction
gooh destroys the pavement and brings mud up into
the ballast. Frost plays a part in breaking up the
pavement along the rails, and the vibration e the
rail also contributes.

Gauge is held fairly definitely by the sleeperc.

Cushion is provided just the same agc in an opcn bal-
last track, except that the movement of the rnil and

‘slecper is lecs owing to the weight of the pavement .

The riding qualities are good until the "top" gets
pretty .bad.

Favement is never laid of a better type than bituminous
macadom, because the 1liftingz that is nececssary everl:y

4 to 6 vears would be made very costly if the pavement
were of sheet asnhalt, say. In america it iy comson
to pack a track con ballast, and then lay a concrete
pavement over the slecpers. Thic concrete hns to be
rene.ed every time the track is lifted, but cement is
cheap in americo and machinery is used to a larger
extent than in this country, so the cost isn not as
creat as it would be here. The track rides = Zood &
deal better thrn oné having concrete under the sleeper
as T § e -~
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Joints are welded to give strength and conductifity.

Soleplates are now used on all ballast track.

Renewals are ertremely expensive in this type of track,

owing to the fact that the weakness lies in the ballast,
which i3 the most expensive part to get at. Except on
very good subsoils or undef very light traffic, it is
more economical to put down a concrete foundation in
the first place.

Future alterations can be made easily.

The 1ife of a bexed-in ballast track, with effective

sub-drainage, is abcut 12 to 15 years, but lifting is needed

after the first 4 to 6 years, and again at 8 tc 10 years, de-

pending on the traffic and the foundation. After 12 or 1% years,

the bottom ballast needs renewing, and generally the ashes and

drain, but the rails and sleepers should last another 6 years cor

80, Patching has to be done continually owing to the rail move-

ment, and topdressing is needed generally every 2 years.

CONCRETE FQUNDATIONS.

(a) With Sleepers.

l.

2.
3.

Cost about £32,000 per mile D.T. using bituminous macadamv
paving, or £45,000 using woodblccks.

Drainage by means of ashes and "A" type drain.

Load is spread over the subsoil by the feinforced con-

~crete base. This is less severe on the subscoil than

sleepers and ballast.

Rail movement is small, unless the sleepers are packed
with a compressible mixture such as bitumen and screen-
ings; even then the movement does not grow to such an
extent as in a ballasted track, although in time the
rails cut into the sleepers. Coachscrews are used

~instead of dogspikes, as they do not loosen sO easily

due to rail vibration.

Gauge is looked after by the sleepers, and by tiebars
in wocdblocked tracks.

Cushion is not provided to any extent, although with
bituminous packing under the sleepers the track ie
better riding than one of stringer ccnstruction.

Pavement of any type can be used, but if anything better
than macadam is adopted, the sleepers should be fitted
7ith steel plates under each rail, and concrete chould

be uced as packing. Thece two precauticns will keep

down rail movement and so prevent expencive maintenance
on the pavement. : . e

.. Rail joints are welded and fitted with soleplates.

nggﬂglg aré:nﬁﬁ{vﬁfv3qost1y unleus the concrete,fo‘gda
s 5 ‘are not expected to la

[a]
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concrete should be laid in two ccurses, the tottom course
being finished a couple of inches under the sleepers to
allow for packing. Then the sleepers can be renewved (or
the track lifted to a new top) without taking ocut the bottom
concrete. This scheme also prevents the concrete base from
being cracked by expansion of the rails while the concrete
is green.

10. Future alterations are fairly eacsily managed as follows:-

(2) In alignment, by moving rails on sleepers.

(b) Raising, by cutting out top concrete and repacking cn
the concrete base to the new level.

(c) Lewering for about 4 inches can be done by replacing
the sleepers with shallow steel ties requiring only
about 3" of packing under the rails.
The life of such a track tefore renewal of the rails is neces-

sary would be 12 to 15 years, and the sleerers should last even lenger
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if rail movement can be kept down. The foundation should last 25 to

30 years.

Maintenance will consist principally cf attention to fasten- :
ings co as to keep the rail tight on the sleeper, grinding to remove |
corrugations, top-dressing every two years or so, and in case cf
macadam paving there will be patching at frequent intervalgs as well.

If bituminous packing is used, a 1ift after 4 or 5 years will probably

be needed tc renew the packing and so Kep down patching expense;

Steel and Composite Sleepers. We are now experimenting with

sleepers made cut of cld rails, both with and without a timber cushion.

The all-steel sleeper shculd give a completely rigid track, and
may therefore keep down corrugationc to some extent. On the other
hand there will be nc "give" in guch a track, and it will probably be
noicier and more severe on the rolling steck when first laid then
tracks utilizing timber under the rails. The ccst of this type ig
less than that with stringers or ordinary sleepers.

The composite sleeper aims at greater reciliency than isg pro-
vided by stringer'é;hgtruction, “ithout the disadvantages of ordinary

viooden slecpers. It i: the mout éxpencive of all, however.

(b) Stringer Construction.

1. Cost ic lece than for cleepers in concrete, being £29,000
£ “to £32,000 per mile D.T. if macadam paving ig uced, and

£40,000 to £43,0C0 per mile D.T f woodblock: are laid




2. Subdrainage ic by meanc of a layer of ashes and "av
type drain..

3. The lcad ic spread over the formation by the reinforced
concrete base. :

4. Rail movement is more than we expected to be the case

’ when this type was first laid. The timber compressss
under the rail, and the slight movement thus cauced
soon looscng the clipe and alleows more movement,
Shrinkage of the timber is also liable to occur, and
this lcosens the clips also. If water ic present,
pumping under the rail will ttke place and the wood
will be worn away (a wear of 2" has been meascured).
The movement, hovever clight, allows vibration in the
rail, and thics destroys the bond with the pavement.

5. The anchor bolts and tiebars hold the rails to gauge
securely. ) i

6. Cushion is provided to some extent by the stringers,
but not as much as expected.

7. Paving may be of any kind, as the rail movement is not
so great as to cause heavy maintenance even on a wood-
blocked pavement. Probably sheet asphalt would be
better taid on a more rigid track.

8. Joints are not as easy to make as in eleeper track, as
there is difficulty in fitting a soleplate. Up to the
present we have depended on welded fishplatec.

g. Henewals of rails are easily done, but renewal of
stringers will be fairly difficult. The stringers
are dressed on one side so as to be of even thickness;
thus vhen renewals are necessary the new sgtringers
should give a good top ~ithout any adzing.

R oA WA s B 8 R

10. Future alterations are practically impossible, either
in line or level. In either cace the stringers rould
have to be re-packed after breaking out some of the
concrete, and new anchor bolts would have to be put in
by drilling holes out of the colid concrete. The c¢ld
anchor bolts would be cut off with oxy-acetylene.

The 1life of a stringer track foundation should be 25 to 30
years; railc and stringers would require renewing after 15 or 138
yoars,

Maintenance: The most important item of maintenance is

keeping the rail tight down on the stringer; if alloved to get

locse, patching and grinding will be heavy. Unfortunately, the

pavin;; has to be removed alongside the railc for the vhole langth
to attend to thevfa;tenings, and this is fhe principal ve¢akness of
the stringer trabk.

Removal of corrugations by grinding +ill be neceucary every
2 or 3 years on hpaVY traffic lines, and everf 4 or 5 vears on

otherc.:
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Woodblock paving is nov

laid 36" below rail surface for

- (2) The blocks
' v’ears dovn.

(b) Thae wheels do not ride on the blocks cr tip thenm

up, Nhen first ldld

will not stick up so high when the rail

s AN 1<

Weepholes are included in all concreted tracks o

offer a get-away for water that

as to
finds its way through the sur-

face. They are cpaced not more than 20 ft. apart in each line

(eight lines of holes being used in double'track) and should be

carefully tested before covering them cver.

Fastenings. Dogepikes, coachscrews, and anchor bolts

: Lhoulu be tichtened very carefully sc as to prevent rail move-—

rient, -hich is the cause of two thlrds of our maintenancec cosg t.

-
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