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(0) (cont'q) COMPARISON. __ OF _ COSTS :

In assessing the relative merite of the two

systems, the following cost iteme are considered:

) Crew's time.

(2) Pacsengers? time,

.2) (3)

/-
.q)
\ 7

Capital outlay on tracks.
Naintenance of tracks.

Capital outlay on tram-cars,
Maintenance of tram-cars.
“lectrical power for traction.

Accidents involving motor vehicles and trams.

lfotorists' time.

2(10)Purchage of extra land for reserved tracks.

4

‘rat saving of reserved tracks over "Centre-of-the-rOQd

Items for which the M&MTB is respomsidle,

In the following text, "saving" shall refer to

In order to simplify the calculations we shall take

all time, gbe., savings for Up trips only, then doubhle the
rezult,
(1) Crew's Time:

e - v Ban o e

" tracks.

Since the M&MTEH is paying crews on a time

“ate of pay, any Saving in the totg] trip time wiln result in
4 8aving in the running costg.

JANE-SLOT | Av. Delay Saving Mult™ Factor | paray SAVING/fleek
Sat, 126.sec/?,5mi1es X 8y 10,700 secs,

Sun, 45, m "o X 36 1,620 »

All Peak 174, » . X 160 27,800  w
Yig-Day 54, " X 12y 6,750 "

A Peak 10, " " X 155 1,550  n '

0. " " X 110 o v

TOTAL TIME SAVING = 48,420
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dence,

saving in crew's time 13,5 hrs/wk/2.5 miles (Up only)

¥
= 2700 " n " (Up é- DOWn)

Assuming
ad driver) we get:
Savings in crew's wages = $ 68 per wk.

(over 2,5 miles)

an hourly rate of $ 2.50 for the whole crew (conductyr

= $ 1,400 p.a./route-mils.
(2) Pnssengers' Time: Assuming that a large nunber of small
time savings 13 valued at the same rate as the average verson's
normal rate of pay, we get:
TIVE-5I0T | Av, Passenger Mult? Factor | Passengers' Time
Men-lrs. saved Saved in Delays.
st 1.26 x 8y 107. 1Man-Hrs.
Sun 0. X 36 s "
4
AY peak 4.32 X 160 691. "
1d-Day .49 X 125 61, "
R Peak 29 X 155 45, "
zht 0. X 110 0, "
Passengers' Time Saved 904. "/wk /2 Fmiles. |

(Up only)

—

> r — e .

Assuming the average passenger's normal rate of pay

-

¢ 21,50 per hour, we get:

Total Savings to Pessengers

i

$ 1,350 /Wk/2.5 miles (Up only)

$ 140,000 p.a./2.5 route milss.

Jk

]
—
O\
O
o
o
o
QJ
o
v\
=
Q
c
pus
"D
5
(S
=
’D

e i TS

13) Capital Qut:

Llay_on Tracks:

e e e S

Construction costs per mile are: (double treck)

Wlectrical equipment: & (same for both systems)

72,400
Paved Concrete tracks: $ 127,000

Open Ballast tracks: & 198,000
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rus, Hxtra Cost of Open Ballast = $ 71,000 /route-mile.
Assuming a useful 1ife of 20 yrs.:

fxtra Cost of Open Ballast = $ 3,600 r.2./route-mile.

*) Maintenance of Tracks o

Concrete (Paved) $ 1,160 p.a./route-mile.

Open Ballast % 5,000 " " (equivalent to re-
rlacement of rails®sleepers(50jicost) after 20 years.)

Paved Ballast B 7,200 " (ioints & grindine)

Thus, comparing Cpen Ballast with concrete construction, we get:

Sxtra Cost of Open Ballast = $ 3,800 p.a./route-mile.

$) (ARS , o N  rgel &

rsior_| el ()| o s ) s o o] £
O 10,700 sec.| 670 sec. | 16.0 | 16 7~ | 85 20 &
3an. 1,620 " 632 2.6 3 36 8 9%
\M Peak | 27,800 668 41,6 8 32 25 4
vid-Day | 6,750 " 639 v 10.7 2 25 8 Z
™ Yeek | 1,550 " h687 " 24, 3 0 31 0 %
Yight g ™ 627 " 0. 0 22 0 %

Since the AM Peak requires the maximum number of cars
ai:hin a perind of only one hour's duration (approx.)(which is
grecater than the turn-round time possible, even with reserved
‘rackage) we cannot reduce the Capitél Outlay on cars, unless
routes are less than 7 miles in length.

However, as shown above, we can improve the service

by oup to 25 Z,with no extra equipment needed.

\t) Maintenance of Tram-cars:

(i) Brake Shoes: $ 9 per 1,000 miles/tram

Now, total number of trips per week (Up+Dwn) = 1,342 on each

route. Thue:

Cost of brake shoes = % 12,1 /wk/route-nile.

$ 630. p.a./route-mile.
Assuming that use of reserved track reduces the eaquivalent

number of full applications of the brakes by 50 %, we get:

Saving in brake shoes =

ﬁmiQQ;R,a./route-qg;ﬁs
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(i) Wheel Sets: $ 7.2 per 1,000 miles/tran.

i

Thus, Cost of Wheel Sets = $ 9.7 /wk/route-mile,

$ 500. p.a./route-mils-

Again, assuming that: Saving = %.Cost ,we get:

Saving in Wheel Sets = $ 20 0 p.z./Toute

%200 =mile,
(iii) Trucks: (incl. braking equipment)
Total Annual Cost = $ 360,000.
Total miles travelled = 16,480,000
ThugCost of trucks = % 1,530, n.a./route-mile.
Again, assuming that: Saving = %.Cost ,we geb:
Saving in Trucks = $ 800, p.=./route-mile.

al _Power for Traction:

By studying(App.'3', p- Jg‘\the average distanece

1o’ . 7L/
[ /

[ 13,210 ft.) of each study route ahd the average "Base Timesg"
{ 3t8 sec.) for these, we cRn estimate the free "cruising spzed"
£ the trams on these two routes, as:

13,210 ft,.

= = 2% m.p.h. exactly
368 sec.

Now, by graphical intergration, the power used in

starting a loaded tram from rest to 2% mph. can bhe found as

followis: Volts = 575 (mean)
Amp-3ecs, = 3,900
Thug, KW-Hrg, = 0.6?3 for each new start.
Zut, the cost of electrical power to the MeNTB is: 1.71 £ /kVH.
S, Coet of starting loaded tram = 1.07 £

3 : . /
and Cost of cruising at 2% mph. = 0.016 X/ sec.

1,64 £ /uinute.

Y@, assuming the minimum number of starts (over 2,5 miles) is 15,

ve cet: Xin® Cost of power used in starting = 15 x 1.07

16,0 £ per trip.

‘;w, tbe Base Running Time is: B= 360 secs.

= 6 mins.

‘Zug, minimunm cost of free running = 10.0 £ per trip.




., .

<t ig, Total Minimum Power Zost = 26 £ per trip (over 2.5m)

Ll &

:{ stop-start conditions in heavy traffic) so that we now reguire

v myzxe 30 new starts:
(-]
Cost of Tower = 42 d per trip
t.». Using reserved track results in a saving of 164/ trip

30: Power Saving = $ 0.16 x( 1342 x 52 )

$ 11,200 p.a./2.5 milas

$ 4,500 p.a/route-mile,

involving motor vehicles and tram-carsg:

e e T e e s i i

Accident rates obtained Trom the METR for the
soar ending 1968/69 are(over the two study sections):

Dandenong Road: 35 p.

v

High Street : 47 %.a.
(i.e. 34 % increase in accident rate by using "centre-of-
the-road" tracks).
tisuning that the average cost per accident (211 types) is:
$ 1,500
ine uge of reserved track causes a saving of 12 accidents, or

$ 18,000 p.a. over 2.5 miles.

i.e. Saving in Accidents = $ 7,200 p.a./route-mile.

) Motorists' Time{Ref:I):

—— - - -

It has been found '(in Melbourne and Brisbane) that
rrams reduce the saturstion flow hy:
16 % in the tram lane

f/"a " n

1

other lanes.... so that the saturction
“.ow, for two lanes (one shared) is 3,000 veh's/hr., or 50 veh's
,¢ ninute in each direction along High Street. .

In the PN Peak of Mon 8th. Sept., car travel times

4-.ng poth High St. and Dandenong Rd. were measured in the Down

LY
-

irection: High st. 18 min's

B over 2.5 niles

Dandenong Rd. 10 min's.

:I, hewever, we double the number of starte reguired (eg. because
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Thus, Dandenong Rd. saves each motorist 8 min's travel time.
. H tzvuning this saving takes place during 3 hrs. of each weelday,
ws cet: (assuming wage rate of $ 1.50 /hr., agein)

: Javing to Motorists = 15 hrs./weck

$ 47,000 p.a. (over 2.5 mileg)

e
i

{

(12) Sxtra Land Required for Reserved Trackage:

Minimum extre width reauired = 23 ft.

; " " area per rToute-mile = 174,000 squ. ft,.

P At a cost of (say): $ 1.60 per squ. ft.
:

Extra Cost (land only) $ 278,000 per route-mile

fi

{ = $ 14,000 p.a./route-mile. %
¥ (taken over 20 years, =2rprox.)
} ; I
§ RESFRVED _ TRACKS (Open Ballast)
CAVINGS  PER ANNUN / ROUTH-MILE:
('} Crew's Time : & 1,400. |
(?} Passengers' Time % 56,000.
(3} Capital Outlay on Tracks (constr®) #(Zxtra Cost) }
3 {4} Yaintenance of tracks ( LI !
,) Cepital Outlay on Tram-cars H(not significant)/
(=) Yaintenance of Tram-cars (i)Shoes: $ 300. E
(ii)Wheels$ 200, ;
(i11)Trucks$ 1,500, |
7)) 4lectrical Power (Traction) $ 4,500. E
. 3 "} Accidents involving motor veh's. 8 7,200. ;
"¢} Motorists' Time ® 195,000, . |
"2} Purchase of Extra Land #(Txtra Cost) |

T e,

i & ;
| 4 SAVINGS :3 90,000. p.a./route-mile
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ZATRA _COSTS _ PER

RSNRVID TRACKS  (Open Bollwst) (cont's)

ANNUM / ROUTHE=NILE:

,\
(]
~

(1C)

Ixtra COST $ 21,000, " n
NET  SAVINGS : 5 69,000. p.a./route-mile

Construction of Tracks % 3,600.
Maintenance of Tracks e s 3,800.

Purchase of HRxtra Land

$ 14,000.

o Erermare e e A W W w m @

EXTRA COST:

$ 21,000, p.a./Tovte-m.

o ———— - mr v e e wr e

B S,

$ 90,000. p.a./route-mile

TEATE R T TR R R RIT R D T p R W n T T

_19 it/ 4



TS .

+

UNIVERSITY OF MELBOURNE 30.
CIVIL ENGINEERING DEPARTMENT

(7)  DISCUSSION.  OF  RESULTS:

The measurements made in the delay study vere

very accurate (within I 1 second in most cases), but passenger

counts were only approximate due to the difficulties in
perforning several tasks at the same time - especlally where
lerge numbers of passengers were involved.

It was found that total trip times varied cuite
marredly from one day to the next - some of this variation
being due to pure chance (that is, 'catching all the liglta!
one day, then having 'a bad run ' on the next day), and much
of it due to the road traffic conditions - on wet cdays
egpecially. Generally, however, the Dandenong Road reserved
trackage seemed to give riore consistent results than High

street, except that Dandenong Road trams were rmore prone to

iclays of the " OTHER " types, while High Street trame

guffered the expected traffic and traffic signal delayve but
were remarkebly free of many other delays. For this reason it
tappens that High Street trams show a bhetter performance then
tiioge in the reserve during off-peak periode... the mein
lelaying Tactor in Dandenong Road being the need to tranefer
pesuengers to and from the Route 5 trams at Orrong Road - btut
thig is a 'system deley', and is not a characteristic of
recerved ftracke. Therefore, it should have been onmitted!
It c¢hould not be thought that the only reason

«ny High Street trams take.so much longer in peak periods is
‘hat traffic is the only cause of a longer trip time - quite

s large part of this extra time ie taken up by the inecressed
nurbers of people boarding and alighting at these tiwes, end

“he seemingly fast travel times along Dendenong Road, even in

prak periods, are largely attributable to the smaller numhere

o

¢f people using these trems.

Turtber work should te done on the gstatistical

£

tlde of this project to diecover the liklihood of getting

'z good run with the lights.!*

comtd
—_—
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(7) (cont'd) Further Work Reguired:

- S

S0 far, no attempt has been made to correlate
iwleys to cars caused by trams, nor to determine the
relationship bhetween traffic flows and delays to trams,

In order to establish thesg relationshins we would neeg to
reasure hoth of these interacting svstems simultaneously so
s to overcome provlems of differing conditiong fror one Aoy
to the next.

Also, some attempt should be made to discover
the optimum spacing of at-grade crossings along tramwzy
reserves - taking due regard to the delaye to trams, s well
s to the motor traffic. Along CQueen's Viay there sre no
crossings at 2ll, and trams are able to meintain high speeds
in safety - thue operating at capacity under all conditiong,

The specing of tran etops seems to be the most
dominating influence on travel tgme, as each time the tram is
trought to a halt and re-gstarted, atleast 10 - 12 seconds are
vested in "acceleration Noise" - not to mention the
eccuriulating costs of each stoo(in pover & mainterence),
fe far as the individual is concefned, the optimum distance
tetween stops (which results in the minimum total "walk =ang

trovel” time) is akout 400 vas. (c.f. Inter-stop distarces of

'nly 200 yds. in Dandenonp Rd. and High St..), btut this

depends on distance from destination (usually, the C.7.D., for |

hams). Research into this .field would he worthwhile,
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?)  CONCLUSIONS :

Apert from discovering the major causes of delay to ?
trams, and neasuring these delays at gome critical points in
vine - end them conparing thegtwo systems of trackege with
respect to time and cost, perheps most was learned about HOV we

can go about analyesing our tramways - something which (it would

appear) has never before been attempted at thig level.
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-—— e e e e
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NOISR _AND__ ABSTHETICS :

Despite the hard fact that Cpen Pallast
construction costs $ 71,000, per route-mile to install above
the cost of a paved concrete track, it is nevertheless

(<]
rreferred because of its superior absorption of noise, end
[possibly) its more pleasing appearsnce. Thin (9-inch) concrete
ravenients can be used in tremway reserves , in order to
reduce the construction (and maintenance) costs, but over long
distances, are avoided when possihle.

Tremway reserves lend themselves admirsbly to
londscaping development, and when eufficiently wide, cen te
wied ws o linear park, with the one-way carriagewsys psssing
ong each side,& with the tramway along the centre, often
senarated by low hedges. FEven when the reserve is too narrow
‘0 carry vegetastion, the smooth steping curve down the centre
o7 a high speed road is far superior to rutted "centre-of-the-

road" tracks such as Melbourne has experienced.over most of

its tramway system.

Open Ballast Reserved Tracke

Victoria Parade, Tast Yelbourne.
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