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RAILWAY ECONOMICS

HE SUBJECT AS APPLIED MORE PARTICULARLY

IMPORTANT FACTORS OF T
CANADA— QUESTIONS AFFECTING LOCATION

TO THE RAILWAYS OF
AND CONSTRUCTION, REVEN

By J. L. BUS

AILWAY economics is a subject to which much
attention has been given by railway engineers 1f
recent years. There has been sO much construction

i undertaken by the different railways latterly, th;]if
Sug}"éat amount of data has had to be compiled on thf
of lect of economics. The following table is illustratt é

the amount of work that was undertaken and comPIete_
Y the larger railways in Canada during the year 1912:

C:::S}an Northern Ontario Railway «...-«-* 105 m‘l‘les
anadfan Northern Railway ««.«cocooeoott 3gg i
randlf}n Pacific Railway «....ccococeo"” gos i
ntepa. Uk Pacific Railway ...ccoomeesst 3

§icolonjal Railway o.o.i--esistineat Sl 1(7) ¢

3

:lilskaming and Northern Ontario Railway. . G
makinnal Transcontinental Railway «.:-:-**"° 35
g a total of 1,872 miles of railway In one year-
One The problem of transportation in this' Do;miuogezlj
Withpecuhar to itself, and is made more difficult doitions
cannoon account of the lack of precedent. The cgnStates
eithe,.t well be compared with those in the Unite 1 large,
trang as they are now, or as they were when the o
sOuthcof‘tmental railways were first deve]ope:d on i

Side of the border, consequently the subject has

%alt with largely from first principles. o

Conomics of Location and Constructio
between the

ran 1
Cost i)h of the subject deals with the relatlc?ns i
ticu]ar operation and the cost of construction, of lan};tIi)on
frets i i best 1oC )

ction of railway and finding the e

of ¢ :
econl(l)at-seCtiOD of railway, which will g1v€ heos
ang C™Mical combination of cost and operating expe

m revenue

e same time give the maximu
F ; oca-
ere are two classes of location, oné bel_ng tEFt }llerto
Uncop, a new line of railway between two points l‘sting
piec nected, the other being the re]ocation of an .e_xi .an
bettero raiIWay in order to give more economical <
' Nancial ret
urns. Pai et to
en the case of an entirely new pro;ect .1t 18 usu:llltes
and ta Preliminary examination of several dxfferenii;ate
€ . i S
feature;} make a comparison of the following €

LZ?ab'e revenue from each line.
nn of construction.
ual traffic—gross tonnage:

an‘?" inSt of.handling such trafﬁc‘ L
flltui-e : addltion to these speciﬁc 1tem5’. . o
Ong; hanges in traffic or operating con.clltlons_ :&nitems
In _thise."ed. This latter is one of the MmO t‘lmportfr i
fountry ag the railways, more part?cuim‘l)a

UE ESTIMATES AND OPERATING COSTS

the effect of
3 he'
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Western Provinces, have built and are building lines
through practically unsettled districts basing their esti-
mates of the volume of traffic and sources of revenue on
the future settlement of the districts adjacent to the rail-
way, the general effect of railway development being to
increase the population of that part of the country served
by the new line, due to better transportation facilities.

In the case, however, of the relocation of an existing
line, besides taking into account the increased efficiency
obtainable by the new route or line (which can be com-
puted more accurately than in the case of an entirely new
line) allowance has to be made for the possible injury to
existing facilities and also for the value of the facilities
on the old route which have to be abandoned. In this
instance the net income has to be increased to such an
extent that a proper return will be obtained on the capital
outlay necessary to make the entire change.

Probable Revenue.—There are several methods of
estimating the probable revenue or the volume of traffic
of a section of proposed railway. The first method is to
make a comparison between the whole population of the
country and the gross earnings from the operation of all
the railways, and then to assume a similar amount per
capita for the projected railway. This method is quick
and easy, but is very approximate and is really more suit-
able for a country more developed than Canada, such as
the United States, but it is of interest to note that the
gross earnings of Canadian railways average about $29
per capita per annum of the whole population of Canada.
A second method is to estimate the probable earnings
per mile of railway by a comparison of the earnings per
mile of some existing railway or railways similarly situ-
The gross earnings per mile is a very variable

ated.
quantity on different .railways and only a very approxi-
mate idea can be obtained by this method, but the follow-

ing table illustrates this more clearly:

TABLE I.

. . _Gross earn-
Gross earnings Mileage. ings per mile.

....$ 11,003,410 1,462.89 $ 7,520
20,860,003 4,272.92 4,811
881,953  492-35 1,792
1,327,534  369.27 3,597
116,233,812 10,813.70 10,748

Name of railway.
Intercolonial
Canadian Northern .....
Canadian Northern Ont. .
Canadian Northern Que..

Canadian Pacific:  ivonivve
Grand Teunle = ¢l oivs vivs 35,801,975 3,105.82 11,526
Canada Atlantic . qsuntes 2,173,363 459.26 4,766
Halifax & South Western 478,031 378.32 1,264
Timiskaming & Northern

1,935,421 302.28 6,408
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The above railways are selected from those with a
greater mileage than 300, but the following table gives
similar figures for five of the smaller roads:

TasLE II.
Gross earn-
Mileage. ings per mile

Name of railway. Gross earnings.

Algoma Central and Hud-

son Bay ...eeevce: $545,054 134 $4,067
Bay of Quinte .......--- 238,333 89 2,689
Kingston & Pembroke. .. 225,936 109 2,054
Midland Ry. of Manitoba 61,155 98 624
New Brunswick & P.E.I. 37,726 36 1,048

A third method is that of estimating the receipts per
head of tributary population. This method is only ap-
plicable to those parts of the country where a fairly ac-
curate estimate can be made of the location and magni-
tude of the population. In Eastern Canada maps can be
obtained from the Dominion Government giving the loca-
tion of all existing railways, highways, buildings, etc.,
on a scale of one mile per inch. These are a great help
in making the population estimate. The proposed road
will usually pass through some territories in which it may
reckon on obtaining all the traffic. An example of this is
where a new railway location is through a valley separated
from other railways by intervening hills. The new rail-
way can, in a case like this, assume that it will receive all
the traffic from that district. In the case of a new rail-
way passing through a town or village already served by
a railway, it cannot expect to obtain half the traffic from
that town, but only a proportion of it, depending on the
relative importance of the two railways, the transportation
facilities to and from the depots, distance from the centre
of population, nature of the roads, convenience of the
train service and sundry other features.

A fourth method is to make a comparison of the pro-
duction or the producing character of the country which
the railway will tap and that of some territory as nearly
similar as possible, and note the revenue of the railway
serving that territory. An even better way is to combine
the third and fourth methods and compare the new and
existing roads by means of their tributary population and
by dividing the gross earnings of the existing line by its
tributary population, a fair approximation is obtained to
the probable gross earnings per capita of tributary popu-
lation of the proposed route. Allowance has to be made,
however, for the different character of the locality served
by the existing railway.

The fifth and last method of estimating the probable
revenue is probably the most accurate. This method is to
make a very close estimate of the amount of business that
will be obtained from all the different sources of revenue.
This requires a great deal of careful study of all the manu-
factories, mines, lumber mills, farms and every industry
located near the proposed route. It is not difficult to
make such an estimate when the railway is being built
through a country well populated and not previously
served by a railway. But in a great many parts of Canada
an estimate of the revenue cannot be based on the exist-
ing conditions but only on the future estimated conditions
of the country after it has been developed by the railway
itself. A factory may also be located in the country to
be served and it is usually safe to assume that its busi-
ness will be incréased by the advent of the railway. With
regard to farms, an experienced man can make a close
estimate of the businéss to be obtained from them, and
the distances their produce will have to be transported to
the nearest market. In making this estimate other trans-
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portation facilities for the farmers have to be considert?d'
Each proposed station on the route will have to be studie
independently and information of each source of revenueé
gathered together, and also information as to the proba_ble
markets for the products at each point. The following
table gives the percentages of the different sources o

revenue for freight traffic for all the railways in the Do~
minion of Canada and also for the United States.

TasLE III.

~Percentage™
Sources of revenue. Canada. u.S:
Products of agriculture ««coceeenese: 19.33 8.13
Products of animals ...coeeeecccese: 3.53 2.10
Products of MINES «.coeoareensescses 35.20 5623
Products of fOrests «...coveeeceeecces 15.82 11.67
ManufACtULErS «eocessosessosesosos 18.16 14-42
Merehandise +siaes sawises isevevens 3.03 3.69
MiSCellaneous «.osssoesoosssssssess 4-93 3474
__/
100.00 100.00

The relations between freight and passenger earn”
ings varies for different parts of the country, but is ap-
proximately the same for all the roads in the same Jocality:
The following table gives the proportions of freights
passenger and other earnings on different Canadia?
railways: '

TABLE IV.
+ Freight Passenger Other
revenue. revenue- !'eVeoZ“e'

Alberta Ry. and Irrigation Co. 71 25 4
British Yukon Railway ...... 75 24 !
Intercolonial Railway ....... 65 AR Y. 3
Prince Edward Island Railway 48 50 2
Canadian Northern Railway.. 74 19 7
Can. Northern Ontario Ry... 68 29 3
Can. Northern Quebec Ry.... 72 26 %
Canadian Pacific Railway .... 68 30 %
Central Ontario Railway .... 68 29 3
Dominion Atlantic Railway... 57 42 4
Grand Trunk Railway ....... 63 35 #
Halifax & South Western Ry. 51 48 I
Kingston & Pembroke Railway 72 29 y
Ottawa & New York Railway. 54 43 3
Quebec Central Railway ..... 68 31 L
Quebec & Lake St. John Ry.. 63 34 o
St. Lawrence & AdirondackRy. 60 39 5
Timiskaming & Nor. Ont. Ry. 56 39 5
Vancouver, Victoria & East-

ern Railway .....oooees 66 32 é

Whatever method is used for estimating the volu{“"'
of traffic there are always a number of conditions W2 3
affect this volume in different ways. For instanC® =,
proximity to the probable source of traffic is a feature
which great attention should be paid. In Eastern anaail-
where there is keen competition between different ©
ways the locating engineer must subordinate all o'the" =
quirements to that of locating the road where it will } ale
a position to obtain the maximum of business: g
ways advisable to spend more money on freight and ptahe
senger facilities in the cities and towns served
road, even at the expense of cheaper construction 0%
line between the cities. There are some goo !
amples of railways going to great expense to rea cities

heart of the business districts of the towns anC - fef:

where there is or is likely to be competition from OF"
railways. The Campbellford, Lake Ontario & Weste!”

(i
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RaiIWay (C.P.R.) has constructed its new li.ne of railway
through the busiest part of Trenton, Belleville and Otk
owns of Ontario in order to be in a better position to
Obtain the local traffic from these towns than th_e Grand
funk Rai]way, which is already established,.m many
ases, on the outskirts of the towns. Another important
mStance of this is the construction of the Mount Royfill
TU_flnel by the Canadian Northern Railway at Montre;-
. 1S great undertaking will bring the lines of the i ¢
g tinto the heart of the hotel and shopping .d;strlct %
€ City, to a passenger terminal, and will also give ac‘;e,ss
Or the freight traffic to the warehouse and business dis-
tricts of the city. This question of terminal facilities
rlaturally depends on the limit of capital yvhlch may.be
Xpended on the terminals without financially wrecking
€ whole undertaking. The propOSaI to defer the tlm(ti
uilding into the heart of a city is one which should no
e: Considered as it invariably becomes a more and more
Pensive undertaking as time advances.

Cost of Construction.—In Canada—where there are
ng. Stretches of thinly populated country on a]l- t.rzu;ls-
nnental lines—it was only natural that originaly
si;lny Miles were built of the cheapest copstrut:}t}lot;u[t)g:e
reqs. Without very much attention being paid to these il
tione cents, but even though the traffic from eroduc-
o Practically nil and they are non-revenu¢ p Ve
t . . ‘€Y form links in the chain across the continen i

on €s should be built in such a way aSﬁ;O e?}reat
sumsomy of operation for the heavy through tra.I ;a yirse
Proy; are now being spent by the Canadian rai hy i

"€ the grades and alignment on some of the

Teve ost of
oPerI;?_e Producing sections in order to reduce the ©
10n of the whole system.

depezg € type of construction to be adopted nag;all%'f \:'}111;
traffy, Entirely on the estimated volume of tra oo.d solley
to builexpected is light, then it would not be a gto gl
the the railway at great expense in orderh. B
Chap Perating expenses, thus having very 1gbe o
eangS, but if the traffic over the road is to g
Woy| > then 4 greater expense of construc.tlon peraﬁrlg
efficie e Warranted in order to give' a hlg{] opt:,er 5
Toaq ey, L.e., to keep the cost of hauling trains Oteﬁance
Chay. a minimum. The interest and ma:jnrml i
$2’5§§S for a poor ly located and constructed roa : iost
Of o1 PST Mile per annum or more, and the direc o
e one ton over a mile of that road will be nea

2 e . on-

structi' Increasing the efficiency of the location art!}?ecam-
on ; A ily increase

Mal jnee.Of the railway will necessarily ut the cost of

in y
halui ferest and maintenance charges, b roportions
due ¢ €ach ton will be reduced in greater P the better
Srageg . NCrease in possible train loads OV;"' e
Stangg, ' track. There has been, due to tlsz:tion and
) a demand for every improvement n onduct

traﬂsP ton which would enable a railway to ©

y Ortation more economically. o G
i i Wb the
tive \ *"Ng made the preliminary surveys of of the

r imate
u . stima
ine

leogs,  CONStruction of the- different 1
°btt;?§ a1 the mategalz f)f a kind under One ’l}i‘:::(:i:r:ls-

'fo,.m Unit prices for all the diﬂ“erer.lt classi T v
Useq o\ Somewhqt similar to the following mazf cost—
spacesor .Making these preliminary ?snmat;smng in the
ety being left on the right hand side for ing as 2
bﬁtter- “Mpleted cost of the work, thus Servine

Uide f9r future estimates.
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Estimated cost. Cost completed.
Subtotal. Total. Total. Price

Item. Quantity. Price.
per unit.

The road may be built entirely by contract or by day
labor under charge of the engineer or superintendent.
The contract method is more usual. The chief engineer
will have the entire charge of the work of construction
and will, with the assistance of the attorney of the com-
pany, after consultation with the officers of the company,
draw up all the specifications and contracts for the work.
The following table gives the approximate percentages
of the different items that go to make up the total cost of
building a mile of a standard single-track railway suit-
able for heavy traffic.

TABLE V.—Percentage of Cost.

Bt ohtiofiivay & 00 P It i el ias. - dii 58

2. Proportionate expense of terminals .......... 13.9

gyad Bridgesand culvertgrl S AR AL B 11.0

NG TAdAIS Tt P SRR A e O e 33.0

el o (a) G b btV SRR SR YA e T B [ T 19.4

G2 Ballasting i e Ll SO0l Nl MG nser L pid 8.4

A ReICIAE o a S ek B S R b B I.4

gitnTelegraph.isérvice . <V LEN T I damwi il o5

9. Stations and water supply .................. 243

PorrtEngineerdng: CRRERIIG S I, h ke, sa 1.9
11. General and legal expenses .......... ....... Xsl7
100.0

Considering these items separately, the cost of right-
of-way is one that is naturally extremely variable and will
often depend on the publicity given to the whole scheme
before the right-of-way agents are able to get the neces-
sary options on the lands. F requently_ right-of.-way can
be obtained cheaper by a carefully stud:ed. location. For
instance, if the railway is sO located that it cuts.through
farms at right angles to their length the dange:: is not so
great as in the case where the railway locate:s right down
the centre of a long and narrow farm, leaV}ng two even
narrower strips on either side. When pos§1ble, the best
location through cul.tivated or pasture land is parallel and
adjacent to the lot lines. ! 4 :

The second item is one wl.nch varies th;h tlze nature
of the railway and the towns it serves. It is higher for
locations where there are large cities and towns compara-
tively close together, requiring greqtex: expense on ter-
minal facilities per mile of road than in places like the
Western Provinces, where the towns are far apart. ; But

n in some of the small western towns large termmgls
o being built to take care of the increased traffic in-
3:::ed by the growth of the country.

Items three to seven are ones in which considerable

omies can be made if necessitated by the financial
e f the company. For example, it has already been
PR t money should be expended on first-class ter-

inal facilities, even at the expense of cheap?r cons:truc-
e petween the terminals. This can be quite satisfac-
tord done by using more or less temporary construction
s e of the smaller bridges and culverts .whlch can be
fox: So'x;;ea'ply without sacrificing the operating efficiency
built cl £ and they can easily be replaced by permanent
o S v’vhen this expense is warranted by the_ earnings
Sfruturs d. Similarly in the case of the grading, tem-
of i FPA % n trestles can be built instead of heavy em-

pOfa ry WOf)de

st
stated tha
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bankments, but it is not advisable to put in heavier grades
in order to save earthwork unless it is absolutely neces-
sary. These trestles can be filled in eventually at a
cheaper cost per cubic yard owing to the track being
already laid from which the filling can be readily dumped
from side dump cars by a rapid unloader. In the case,
however, of thers being a large cut immediately adjacent
to the proposed fll, it is, of course, more economical to
use the material from the cut to make the fill when the
road is first constructed.

Economies can be made in the tracklaying and bal-
lasting items without seriously effecting the cost of opera-
tion, but the maintenance charges will necessarily be
higher with light rails and poor ballast. The expense of
replacing the light rails and re-ballasting the line will not
be disproportionately great.

The other items in the cost of construction are com-
paratively small percentages and big reductions in them
do not make very much reduction in the total cost per
mile, but large economies in any of them are apt to
cause, indirectly, greater expenses in some of the larger
items, or a loss of revenue to the road. That it is a false
economy to cut down engineering and legal expenses is
becoming more generally recognized among the larger
railways. Thousands of dollars may be saved on the con-
struction of a road by having well-organized and equipped
engineering staffs working under the guidance of com-
petent men. Similarly economies in station buildings,
freight sheds, etc., are apt to adversely affect the revenue
of the line.

Annual Traffic—Gross Tonnage.—A comparison of
the annual traffic and gross tonnage must be made of the
different routes under discussion. The amount of the
gross tonnage has to be estimated in a way similar to that
already described as the fifth method of estimating
probable revenue. The probable gross tonnage must be
carefully analyzed so as to obtain figures which will not
only apply to the whole route but also to the sections be-
tween the intermediate towns. It will be as well to note
at this point that it is desirable in estimating gross
revenue and gross tonnage to be on the safe side by keep-
ing the figures on the low side in the case of the former
and on the high side for the latter. This will prove to
give the most satisfactory results in the long run.

Cost of Handling the Traffic.—The features control-
ling this item are distance, curvature and grades, and we
will deal with each of these features in the order named.

Distance.—This is the item on which the rates
chargeable for passenger and freight services are based.
This is apt to be rather contrary to the value of the ser-
vice rendered and also to the cost of rendering that
service. If the railway adopts a very costly construction
in order to reduce the distance betweeen any two points
it will be able to give a better and quicker service both for
passenger and freight traffic between these points, but,
by a strict mileage rate, the actual compensation would
be lower than for a longer and cheaper route. On some
of the roads in the States serving the large business cen-
tres this feature of the increased value of short routes and
quick service is illustrated by the fact that an extra charge
is made on the fast passenger trains over and above the
regular fares between the two points. The actual value
of the transportation to a passenger who wishes to go
from, say, Montreal to Toronto, is inestimable. If he is
travelling purely for pleasure, or for a whim, the money
value to him approaches nothing, but if he has to attend
to important business the actual value to him of being
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able to attend to it personally may be many times the cost
of his ticket. §

The cost of transportation between any two points 15
only slightly influenced by small changes of distance a5 it
is ruling grades and curvature of the line which moS
seriously affect this cost, as will be shown later.
effect of change of distance on maintenance of way
charges (except in the case where it is a change of 2 few
feet only) is fully proportional to the amount oft I8
change. The expenses of labor and material, etc-s w
naturally be proportionately increased because it is a5
sumed that in the case of a shorter route there will only
be employed sufficient section gangs to properly take car®
of that line. If the length is increased, either additio?
gangs will have to be employed or else the existing 0n°
would have to be reinforced. '

The cost of bridges, road crossings, culverts and
other fixtures of this nature would have to be consider®
separately for each route, as in some cases the number @
bridges, etc., would be identical on the different route®
hence there would be no effect on the cost of structur®
by a change of distance. With regard to the maintena? g
of equipment any added train mileage will naturally ¥
crease the depreciation of rolling stock and increasé
shop expenses, repairs and renewals. The actual I'fﬂlea
run by locomotives, passenger and freight cars 18 onl
one of the contributory causes of their deterioration- T::,Z
deteriorate with age, strains due to stopping and st o
ing, etc. The following table illustrates the effect :
large and small change of distance on operating expens®

TasBLE VI.
Normal Cost per mi“sg,;:h.
s average. large.
Maintenance of way and 5
SEIUCLUTES «vonevencses 20.09  18.11 15'50
Maintenance of equipment... 22.74 9.18 8'(5)0
Traffic eXpenses ..........- 3.08 0.00 o.zl
Conducting transportation .. 50.54 21.69 9'00
General €Xpenses ........: .6 0.00 %

pe 3:95 S

100.00  48.98 3324
at
In the above calculations it has been assumed thﬂd

the business done by the road is fixed and invariable athe
would be unaffected by any changes in the length @ e
line. A change of length in order to reach a P sSand
source of traffic would naturally affect the tonnags’le ity
consequently the number of trains required to han¢
but the rest of the line might be so burdened by an € “ia
haul that the traffic might be discouraged. A Savm?/
time between two points by a reduction of distanc® ¢ by
except in a very few cases—not to be effected €XCP" e
a great expenditure which can hardly be justifie ffect
time saved. The reduction in distance will have o "ime
on the freight business so far as the small saving_‘nrably
is concerned, and may tend to reduce the rate CO“S’dect ot
between the two points under discussion. The eff ting
the passenger traffic (except in the case of cor rivelf
lines between large business centres) is compar? e
small and the speed of trains is controlled to 2 larg® "

gree by the curvature and grades of the line.

¢ . SLHoE
Curvature.—Curvature increases the resista”

traction and, when uncompensated on gradess.

said to increase the rate of grade. When 2 c;;;t“
located on the ruling grade it has a controlling € is oo

the length of trains. Insofar as passenger tra (':tiﬂg [
cerned, curvature has very little effect beyond lim!
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SPeed of trains when the sharpness of the curves is over
3 certain amount varying with different conditions. On
Competing lines, however, this may be a serious matter,
ot only on account of time lost, but also due to the ap-
Prehension of danger, and because the curvature may pro-
Uce rough and unpleasant riding. These objections to
Curvature may he almost entirely eliminated as regards
the number of trains required to handle the trafﬁc. as t-he
only feature which might control this is the possible in-
Crease of 5 ruling grade by an uncompensated curve, and
. ;S Mmay readily be eliminated by compensating Curves on
tu Ng grades. On minor grades uncompensated curva-
ol;re has but little effect, as it merely increases Fhe rat:
in grade, and unless the original grade plus th‘f mcreaaje
it gr:ade due to curvature does not exceed the ruling gr:
Will not limit the tonnage of trains in any way-. )
s‘oweve"» the combined effect would be to make Hig e;
IStance more than that due to ruling grades, then trai’
2aded up to the maximum for those grades would be

li
able to stall on the curve.

Grades on the lower side of a sto ;
Not he compensated for curvature, because the_reswtapce
"€ to the curve will reduce the work required i brali"::%
ite trains. When a curve occurs above a stopping p: .
should be compensated in an even greater degree i
ordmarﬂy_

o Curves should evidently be compensated an anriol;:f
S?Ual to that grade which would produce e ture

“tance as the curve. The resistance due tO Cufr;zin L
cog:g a variable quantity depending on the Speed(t)) made
. Pensation for fast passenger trains may De€

Quite 1, : ioht trains, which
1€ th W, but for slow and heavy freig i increased.

W, € Most important, it must be gra 'ualf ordinary
g advises 0.04% to 0.05% per des 01’of curva-
ur'ge,rees o.f curvature. The maximum degr}f'eh opinions
diff, Permissible on any road is a matter on Whic ineers to
a o© Considerably. Some roads limit their engi this to
he XImum curvature of 6 degrees, 9thers lez.lvjs objec-
tio Judgment of the engineer. There 1s 1O i) here the
1 UP to 4 certain limit to a few sharp curves ¥

amq 5 s introduc-

Moy, g : eir introduc

tiog | L.Saved may he sufficient to JU:‘;"U: curvature i
axii

. One lim. .
: iting feature of the m . ade
one l‘u‘lmg grade. gFor instance, where the 5 UIl?qgasgtl;een
8 line i 0.4% and the rate of compensation a ten-
it is obvious that
his degre€

pping place need

a
t0.4% per degree of curve,

eoy i,
ag €€ curve ig the maximum permlSSlble, ;f/ tgradev an
H €orety . » as'a .4/~
if etically the same resistance s

the y the same ruling grade to

€ co To-degree curve was located on a
€lim; 'rectly compensated the grade Wou
ated entirely,

|d have to be

Cu n the mainten-
an Vature has a very marked effect ‘I)Qails on curves

d o i f a line. .
Perating expenses O on tangents; it has

Weg

r

bee (T:T;Uch more rapidly than those 4 on a 10-degree

Cupy, + DPuted that the wear on a rl f: under similar
b

1S 9 . n
COngs,:° 226% of the rail wear on a tange imately propor

+ditig NEE
tiongy oS Of traffic, and that it is approx! el
aﬂ::tl to the degree of curve. Ties are g ?iveany
the,, ed by Curvature owing to increased rail cu:oln gs:tates
that the 4 nOre frequent respiking: Wel]ltqgnal to the
degree ; eterioration of ties is also P:;’}fodr :mder sharp
S (V) opadbe! .

e s, | That g ther:;ballasted, espec'a!ly

Een gy, . 0D frequent]
€n e more frequently >
2nd l‘ene Superelevation is high. 'The expense
< boewa_ls becomes greater owing '@ |
expense;n otive tires and wheels, thus 1€
et

resistance due
e ption of

The ;
e :
"atura“y ‘tnCrease of tracti pedb

ends to increase the fuel €
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motives. Webb charges 447% of the average cost per
train mile for an addition of 528 degrees of central angle
into a mile of track. In some mountainous regions where
a number of sharp curves are unavoidable operating ex-
penses may be sometimes increased by locating these
curves in deep cuts, thus necessitating the use of watch-
men to warn trains of obstructions due to snow slides,
etc., or, as an alternative, the speed of trains must be
reduced as they pass these places.

The following table (abbreviated from Webb) gives
some idea of the items affected by curvature, being based
on the addition of 528 degrees of central angle into a

mile of track.

TaBLE VII.
Normal Cost per mile

) Item. average. per cent.
Maintenance of way ............ 20.09 5.93

Maintenance of equipment ...... 22.74 28.70

Traffic €XPEeNnses «...covvesecnss 3.08 0.00

Conducting transportation -...... 50.44 5.02

General eXpENSES ... ve.evvieis 365 0.00

100.00 39.65

It will be seen from this table that an addition of 528
degrees of central angle into a mile of track increases the
expenses per train mile by 39.657% of the average cost per
train mile. Assuming that the increased expense is
directly proportional to the amount of curvature, which,
in the majority of cases, is very nearly true, then one de-
gree of additional central angle per mile would increase
the train expenses by .o75%. If, again, we assume that
the average cost per train mile to be $1, the cost per
annum per daily train would be 27.375c. This result ig,
of course, entirely approximate but will give a better idea
of the value of a proposed change than any unbaseq esti-
mate, and will show whether the improvement will be
justified, due to possible increase in business.

Grades.—The effect of grades on train expenses is of
the greatest importance. 'Tonna.ge of trains is. ﬁxed_ by
the ruling grade on the section of line under c?nsxderatlon,
a heavy ruling grade necessitates sht?rter trains and con-
sequently more of them. Gross receipts frm:n traffic is a
fixed quantity regardless of the number of trains necessary
to handle it, while the cost of handling .the traffic w1ll.be
nearly proportional to the number of trams: A re@uctxon
of ruling grade, on the other hand, redu01r}g as it does
the number of trains and th.erefore the operating expenses,
will justify a large expenditure to acc9mplxsh this result.
Where the line runs through compara.tlvely level stretches
of country with light grades, very little can be. done to
favorably affect the grade, but pufnps and sags in other-

grades may be'eliminated. No figures on

ise uniform 4 2
311: resistance to movement of a train on straight level
track can be considered accurate for all cases, as they

eed, length of trains, character of cars, and
g:gg?t?ogno?pweathergand roadbed, _bflt 10 1b. per tc_n} is
uently taken for average conditions and velocities.
f;ﬁ?s is equivalent to the retarding effect of a 0.57% grade.
The rate of ruling grades are necessarily lir.nited by
he general character of the road. A road designed to
i gthe requirements of light traffic would naturally not
e tified in a large expenditure to reduce the rate of
cmar rade, whereas on a road built for heavy traffic this
rulu;g Ee of })rime importance. Methods of operating the
e will, to a large extent, minimize the effect of ruling
tral(riis th’e road being divided into divisions, at the ter-
griiizsfywhich sorting yards may be located, and the trains
m
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increased or decreased when the grades on the next
division make this advisable. If the road has necessarily
to pass over a summit between two points and the natural
grade is very high it may be advisable to use pusher
engines on this high grade, a lower rate can then be used
for the ruling grade.

On most roads the ruling grades affect only the
heavier class of freight trains, the lighter freight and pas-
senger trains being usually well under the maximum ton-
nage capacity of their locomotives. The cost of operating
is dependent on the number of trains and not on their
tonnage, and an extra train means an extra locomotive,
train crew, etc., and this extra engine and train will also
increase the maintenance of way charges due to the addi-
tional wear and tear of the track.

A small saving is made by having fewer cars per
train due to the lighter work on the engines, when haul-
ing over the minor grades and level sections. The follow-
ing table gives an idea of the.effect on different items of
operating (n + 1) trains on heavy ruling grades compared
with the cost of operating ‘‘n’’ trains on light grades, the
tonnage being the same in both cases:

TaABLE VIII.

Normal Cost per mile

Item. average. per cent.
Maintenance of way .......ccee 20.09 7445
Maintenance of equipment ...... 22.'74 5.88
Traffic €Xpenses ..cceoeeceeeses 3.08 0.00
Transportation «....eoeceeenes 50.44 28.30
General €Xpenses ..eccceeseons 3.65 0.00
~100.00 41.63

In estimating the probable train mileage of a new
road the estimated tonnage, ruling grades and the type
of engine to be used must all be taken into account. It
is possible to get an approximation of the hauling ca-
pacity of any type of locomotive over the ruling grades.
In practice the engine is not loaded up to capacity, the
reduction being dependent upon the rate of grade and its
length. In general, this reduction will be as follows:

Grades of 0.3% to 0.6%, reduction 25% to 167%
Grades of 0.7% to 1.0%, reduction 147% to 10%

Dividing the estimated tonnage by the hauling capacity
of the engine and multiplying by the length of the line
will give the train mileage. Multiplying this by the cost
per train mile will give the yearly cost of operating. The
saving resulting from adopting a lower ruling grade or

using pusher engines in isolated cases of heavy grades
may thus be determined.

— e
The last of the 9z leaves for the miter gates of the

Panama Canal locks was lowered into place on its hinge
pintle on Thursday, October 3oth. This was the side wall

leaf of the lower operating gate in the east flight at Mira-

flores Locks. The lower operating gates at Miraflores are
the largest in the Canal construction, each of the lower leaves
being 82 feet high and weighing over 700 tons. The swing-
ing of a leaf means the completion of its erection, sheathing,
and most of the riveting and reaming, but it is a step toward
final adjustment. The work of lining up and babbiting the
nickel steel bearing plates at both ends of a leaf can be com-
pleted only after the leaf is swinging in operating position,
and the leaves are yet to be tested, painted inside and out,
and fitted with foot-walk and handrail.

Volume 25

ELECTRIC LOCOMOTIVES FOR MOUNT ROYAL
TUNNEL.

by the Canadian Northern Railway, in Ol’<!er to

reach a terminal in the centre of the citysio

Montreal, have been described in The Canadit
Engineer during the past year. Attention is directed
Jan. 16th issue, outlining the essential engineﬁl'}'nlg
aspects of the scheme; to Feb. 6th issue for an artl(}‘f
descriptive of the early operations and the plant equip”
ment; to Feb. 27th issue dealing with the precise survers
work in connection with its location, and to the issue ©
June 12th, where mention was made of the remarka
speed with which operations were progressing. In Oct;
oth issue the announcement was made of the contl’a_ct fo
the electrification of the tunnel having been let, as, 1%
design, considerations of cleanliness and health p0¥nte ;
to the use of electricity as the motive power. The preseft‘o
article contains a few points of interest with respect
the design of the locomotives selected. :

VARIOUS features of the tunnelling of Mount Rogah

The equipment for the electrification of the tunﬂ?;
and terminals, for which the Canadian General Electffc
Company, Limited, has the contract, includes 6'61""’“;0
locomotives designed for an operating potential of 2 i
volts with overhead trolley construction. Two Of_ thein
locomotives, operated and controlled as a single unity v;or
have ample capacity and suitable speed requirements

o’
handling the heavy transcontinental passenger trains 7
e

1,130 tons trailing load-—within the Montreal ter™”
zone. A single locomotive will successfully han CM
freight trains—1,000 tons trailing load—and the
passenger service—500 tons trailing load.
Locomotives.—The general type of the locomot“;
proposed is that known as the box cab, articulat";d rtuis
ning gear type of locomotive. Its estimated welg
83.0 tons. The locomotive has four axles with al_ o
weight upon the eight driving wheels, thus secu_fmg
maximum adhesive weight on drivers. The running
consists of two 4-wheel trucks, articulated together
heavy hinge. The equalization of the trucks is acc ing
plished by a heavy locomotive type semi-elliptic leaf szers
over each journal box, connected through spring haflegy
to the frame and to the equalizer bars. Practically 2;de
point suspension is thus supplied through the 055

T : 0
equalization of one of the trucks and both side an i‘(;:tim‘
equalization of the other truck. With the Miner frr ucks

draft gear mounted in the end frame casting of the t fing
this type of construction restricts the hauling an¢ t')u i
stresses of the truck side frames and articulated ]Olnt’
stead of through the cab centre plate. This relieVel
cab and apparatus from the effect of severe shocks:

Both the box cab and platform are built of P
sheets, angles and heavy channels, and are ttzorO“ r¢f
reinforced throughout. The box cab is divided int® ot
compartments: the apparatus compartment in the © gch
and the two operators’ compartments at the ends: £ af’
operator’s compartment has a full complement oetef!
paratus, consisting of controller, control switches) -~ g
air brake control apparatus, air gauges, Panta,grapwith ’
trol and heaters, thus providing the locomotivé ™ .
complete double-end control. All apparatus subJ ,
2,400-volt potential is located in the centré app M
compartment and properly screened to P‘"’tect aranﬂr"
accidental contact. The location and gener "

1ates!
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so as to distribute the duty upon
all the compressors in the train.

Operation of Motors.—The
motors will be operated by the
Sprague-General Electric = Type
“M” two-speed control arranged
to operate the motors in series
and series-parallel. The external
regulating resistance is divided
into two parts, each part being
directly connected to a pair of
motors permanently connected in
series. The two pairs of motors,
with their resistances, are all con-
nected in ‘series on the first point
of the control, the resistance be-
ing varied through the first nine
points on the controller and
finally . short circuited on the
tenth, or running point. The two
pairs of motors are then similarly
operated in series-parallel and all
resistances cut out on the last or
full speed running point.

A special electro-pneumatically
operated change-over switch is
i used to make the transition be-
Fig. 1. tween series and series-parallel so
that there will be no appreciable

. y access
; ment of this apparatus is Su?h as to pm‘i,:f(sje easy
fom all sides for inspection, cleaning ARG SRR :
General Electric " > ke "
‘ i ment 15 l 1l Lnr
TYPe ‘M multiple unit double-end control equ PS being ‘ ey f e /

Control Equipment.—The Sprague-
Proposeq for the locomotives,

i conel g e
. 7 a sSmo s v
Proportioned and adjusted so as to secure to a current Wi

e;en acceleration, at all times, corr CSP?ntd}::gwheels. The
“Sumption near the slipping point orallel is effected by

tr se A N
a0sition between series and series-pa

.SPecial electro-pneumatically oper
Witch and the motor fields will always be on the

"€ of the armatuyre. G W
th A motor generator set will supply Izs-tfs(l)tlte e
€ Operation of the control and a 2,400~ by
*eSsor of 100 cubic feet free air piston disp acTwO P
Provigeq as part of the air brake equipmen.t.Slllated e
liperated roller pantagraphs and 2 properly mwill e
e arq located upon the roof. The bus rlmiaphs e
of tl?(:séo two or more units from the pantag
units,

sists of four C.G.E. -229
wound for

ated change-over
grouﬂ

The Motor equipment con
utating pole type motors

ingy) be
a ma 7 L
Per ted for 2,400 volts, so that twoa 5 Zoo.volt circuit.

Th anently in series and operated on through twin
car. MOtors are geared to the Wl]eelsfthe armature
sh:;ts’ there being one pinion on each en.C1 1(1) designed for
loge," . The C.G.E.-229 motor is especiaty tilation

] p . : rced ven
by . Otive service and is provided with fo ctments
ratus comp d on

1 lower Jocated in the appa : ee
tgflgeoﬁves are. geared for a free runnr;glis Sger W
ang v:l-t’ level track of approximately 45 hines with te€?

POint . be operated as tWO-Spee.d ag 1lel.
S I Series and nine points series-parate A

alltoThe_ air brake equipment will bedth_erqs};;:liatures for

a g SIrad

.train o type so as to combine the de ervolei

Inge,, PEration through an equalizing 1€ motive:
Pe ST n the loco s
P"Ov‘ ndel?t operation of the brakes upo ol the com

18], . .
preSs;ron is made for the multiple operad ting 18 multiple

T . ra
S Upon all locomotives when 0pe
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reduction in tractive effort during the change. A smooth
transition between all points, both rheostatic and transi-
tional, insures motor operation close to the slipping point
of the wheels and a steady, gradual acceleration at all:
times.

~ The motors have sufficient capacity to slip the wheels,
the slipping point serving as a current limit to prevent
overloading. Either pair of motors may be cut out, in
case of emergency, by means of a special handle on the
change-over switch.

Controllers.—The master controllers receive their
energizing current at a potential of 125 volts from' the
motor generator set and provide for operating the con-
tactors so that they close the motor circuits under different
combinations and regulate the external motor resistances
to give 10 points series and g points parallel. The con-
troller is of the non-automatic type and has two handles :
one regulating the applied voltage at the motors and the
other for controlling the direction of rotation of the
motors. Each of the above handles control a single
cylinder.

Pantograph Trolleys.—The overhead trolleys are of
the pantograph type, mounted on insulated bases and
pneumatically operated. A hand pump is provided for
raising the trolley in case a locomotive has been standing
some time and has no air supply.

Automatic Stops.—Provision is made for automati-
cally opening the control circuit and cutting off all power
from the locomotive, in case the engineer over-runs a
signal set against him. At the same time a special valve
is opened which will set the emergency air brake.

——-—

The huge scheme, undertaken at a cost of . £3,500,000
sterling, of the provision of a water supply for the gold

fields of Western Australia, is a wonderful piece of hydraulic‘

engineering work, and is now well advanced. The primary
purpose of the work was not to insure the subsistence of a
large community of people, but to maintain and develop a
staple industry established in a practically waterless district
400 miles from the western coast of the state. A daily supply
of 5,600,000 gallons was to be provided, of which 5,000,000
were for use in the gold fields, The source of supply is an
artificial reservoir, from which the water is pumped through
a steel conduit 8o inches in diameter by means of eight
pumping installations to the main distributing reservoir at
Bulla Bulling. This reservoir is 308 miles from the main
reservoir and is 1,200 feet above the lowest outlet level of the
latter. The water then gravitates a distance of 44% miles
to the Coolgardie service reservoir and the Kalgoorlie service
reservoir. The details of all the ironwork used in the con-
struction of the weir were drawn out in the state and all
the ironwork used was obtained from Great Britain, and it
says much for the accuracy displayed in the drawings that
on being grouped together as the work progressed all parts
fitted correctly into their proper places. An interesting
feature of the work at Kalgoorlie was the use of camels for
excavation purposes. According to figures supplied for the
use of the Christian Science Monitor by Neil McQueen, the
district engineer, 86 camels were used for the excavation
work, which was in stiff clay, in connection with the Kal-
goorlie reservoir. This reservoir will be lined with a bitumen
asphalt compound invented by P. V. O’Brien, the chief en-
gineer in charge, and will be roofed with corrugated iron to
keep dust out of the water and prevent evaporation. The
reservoir, which is circular, has a diameter of 378 feet and
a depth of 22 feet at the deepest part. Its capacity is 10,-
000,000 gallons.

Volume 25.

THE CORROSION OF PIPES BY RAW AND
TREATED WATERS.

the corrosion of iron pipes by water supply was

carried on during 1912 by the Department O

Water Supply, Gas and Electricity of New YO!:k
City. The results of these experiments are contained 10
a paper read recently before the American Public Health
Association by Mr. Frank E. Hale, from whose paper
the following information is deduced :—

The presence of carbonic acid is the most potent
factor in connection with the presence of dissolved 0X¥”
gen. The action of these two agents is modified by the
presence of other salts, increased by nitrates which fur
nish oxygen by reduction, and decreased by carborl?}'“"S
which help to form protective coatings upon the pipe
The chemical action takes place in the following order*

The first reaction is the solution of iron as bicarbonat€
by carbonic acid with the formation of hydrogen.
dissolved oxygen in the water which is near the iron Sur”
face oxidizes some of the hydrogen back to water. Aftef
the oxygen near the iron is used up the hydrogen remain®
as a gas. In the cold reaction of the experiments
amount of hydrogen oxidized was found to be about i
per cent. The dissolved oxygen at the same time oxidize
the soluble iron bicarbonate to insoluble red iron, setting
free again the carbonic acid. The carbonic acid set'fleel
again dissolves more iron, and is again set free, untl de
of the dissolved oxygen is exhausted. The red iron 0X!
then acts as oxidizer until it is completely reduce
black magnetic iron oxide, setting free carboniC ¥
again. Reduction does not take place beyond this stag®
After all dissolved oxygen has been used up nitrates a;
completely reduced to ammonia, serving to supply Oxygehé
After all possible sources of oxygen are exhauste
carbonic acid disolves more iron, which is probably th;:oﬁ;
out of solution finally as insoluble basic carbonate of 1o
since after complete reaction there is only about O'Zdi &
0.7 p.p-m. iron in solution, no free carbonic acid, DO id
solved oxygen, no nitrate, sometimes no bicarbonic as é
and under some conditions caustic lime is present- .
alkalinity of hard waters is reduced to about 25 p.p.de‘

The carbonic acid for the solvent action may be bie
rived from three sources—the free carbonic acid, e
carbonic acid, and the neutral carbonate. In the Iatioﬂ
case the carbonate hydrolyzes so that there are in solu 1is
neutral carbonate, lime hydrate and carbonic aciC: - ‘g
takes place when the water reaches the stage t at free
neutral carbonate is present. The carbonic acid set b
dissolves the iron. The presence of lime hydr2 enge,
proven by titration with phenolphtalein and methyl 02

The rapidity of corrosive action is affected bY ¢he
source of carbonic acid in order as given above, 0% "¢
amount of soluble iron present during the active St4&% .
corrosion varies with the above order of source ©
bonic acid. e

Another source of carbonic acid is that set e ic
alum-treated waters. This is really mostly blcafm pef
acid set free. The amount set free per grain of alu abov?
gallon is not, as sometimes stated, 6.8 p.p-m-y ut
3.5 p.p-m. (determined by analysis). ! pove

It must be understood that the facts as give? acom‘
apply to new pipe with a clean iron surface and t0 ¢
plete reaction.

Attempts to remove dissolved oxygen from
pear to me to be hopeless as well as expensive, ecct that
consideration of the above reaction brings out 2

THE lengthy series of investigations based upon

acid

¢ 87
wate oA
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Seems to me to have escaped general attention, and that
IS that 15 per cent. of the oxygen in the iron oxides form-
ed by complete reaction, if all the hydrogen were set free,
Comes from the water and not from the dissolved oxygen,

and the greater part of the hydrogen is set free.
3 : 4 orroded for each part

A very large amount of iron is ¢ I
Per million of dissolved oxygen through the catalytic
action of carbonic acid and water. For example, 10
P-p.m. of dissolved oxygen produces 126 p.p-m- P.‘ef-04
€Xpressed as Fe, whereas if the hydrogen were oxidized
and not set free the amount which 10 p.p.m. OXygen could
Produce would be only 31 p.p.m. iron. In our experi-
Ments 75 to 8o per cent. of this theoretical amount of iron

Was produced, the difference from theory being due o
i uantity, but

OXidation of hydrogen. This is a variable q A

about 85 per cZnt. T)f the hydrogen oxidized was ox1d.1§ed
during the first 15 minutes, which substantiates the lkea
Xpressed previously that oxidation of hydrogen ke
Place only at the surface of the iron while dissolved 0xy-
8€n is present near the iron. The presence of hy.drogi,n
8as is easily shown and has been proven by many l.nvis l;
8ators.  Any hydrogen set free means an equw?d‘?“e
aMount of oxygen obtained from the water to 0X1d1Z

the iron, .
Experiments Conducted With Three Kinds of PlPe'-l;
.T € experiments were carried out with Byers wrought
:ron pipe (protected with an inside coat), Reading Wro}xl'%n
Yon pipe, lack mild steel, and galvanized wrou.ght lt-m;
The first three showed no difference in the COETOSIVE afj lto
€0 carried to completion, but the .steel aPPee(;re 5
SOrrode most rapidly. The galvanized iron pheme Ikiline
SSistance at first, but gradually—especially W't};l ain the
tiater\the action increased somewhat, thOugwas only
a&itOf our experiments the highest amount
one-third that of the other pipes- .
xperiments with regard to speed of reaction prought
Some surprising facts.
in bout 50 per cgent. of the iron produced by €
the cold s produced in two to three hours: acid) the
actj, Vith Croton water (5 p-p.m- free CarbOLE fo l jng
'on s practically complete in 15 hours. This

. 5 in new
see 8reater tendency in house servxce—eSpeClall}; in the
"Vices—to show rusty water when first draw

0 y 5 3 ight.
™Ming, since the action is complete OVEr gi-%i};nately t0
he he rate of corrosion is increased prop d was

€ incr . : id. The action col
eas acid. € -
o € in free carbonic Croton water cort

t ;;’Plete in seven to eight hours with ¢ The total iro?
Wa 1% 25 to 50 p.p.m. free carbonic acid. h : free car-
S also somewhat increased with the higher i

g dis-
sol?;licn acid. The carbonic acid hastensbt}.]e af,t,frz ti)r}t’)n in
1 > ¥ eimn ’
§ the iron more rapidly. There i f%r oluble iroD

SOl 4:

an;tlc?n, oxidation is hastened. 'Analy s The car-

bonj, - 0lved oxygen proved this to be truc. basic car-

bop € acid increases the total iron by foranied available

Ox i of iron which is left unoxidized *after
Ygen js exhausted.

lum-treated water showed n

Out J
orroston

o appreciably gre.at;ll'
or total amount of ir

e to the comparative_ly
p.m. per grain

Qorr
0S8 . . .
tha, V€ action either in speed

slig?ltu,ntreated water. This is du
i u:nn(;rease in free carbonic acid (3:5 P th
er gallon). ars o Fo
Cor .eutl'alization)of the free carboniC acid r(lit:r:g: o
% Ve action. Neutralization of the free cax; .
Cory. e hydrate or by sodium carbonate I . s
boy OSive action. Neutralization Of the'frfiethere e
X0 _2Ponic acid by lime hydrate, provide thert o
ang S Caustic, still further retards the corros(;old pi
33 no. 0 reduces the total iron produced by a2
i cent., and by hot action 50 per cent. ,
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tion of carbonic acid retards corrosion by reducing the
amount of dissolving agent, hence the amount of soluble
iron present at any moment, and thus slows up the
oxidation.

The slightest excess caustic (a few p.p.m.) up to
considerable excess hastens corrosion to almost indenti-
cally the same degree as does increasing the free car-
bonic acid to 25 to 50 p.p.m. A large excess of soda-ash
acts likewise. The action of alkalis has been noted by
Cushman and others.

Excess alkali hastens the corrosion by hastening the
absorption of oxygen by the iron in solution, though this
is smaller in amount at any time. ~ Until the excess of
alkali is sufficient to prevent hydrolysis of carbonates the
corrosion takes place. Analyses proved that the oxygen
is absorbed faster and that only traces of iron are in solu-
tion at any time. Compare in this connection the Levy
method of determining dissolved oxygen in water—i.e.,
oxidation of ferrous salts in alkaline condition.

Red Water Trouble Caused by an Excess of Iron
Dissolved or Suspended.—The excess of alkali necessary
to stop corrosion completely is 100 to 125 p.p.m. excess
lime hydrate over that needed to neutralize the free and
half-bound carbonic acid. Only slightly more is needed
to stop corrosion hot than cold. This amount of excess
alkali acts by completely preventing solution of iron, for
the oxygen still oxidizes the surface of the iron and is
completely gone in twenty-four hours, although no iron
over the original amount appears in the water.

The above facts show that whatever helps to put iron
into solution is the real cause of red water trouble. It is
the iron in the water, dissolved or suspended, which
causes trouble—not the iron clinging to the pipe.

All corrosive action was hastened by heat (120-150°
F.), so that complete reaction was accomplished in one
and a half to three hours on the clean iron surface. Heat
hastens corrosion in at least four ways—by hastening the
chemical action of solution of iron, by increasing the
amount of free carbonic acid since heat sets free the half-
bound carbonic acid of the alkalinity, by creating con-
vection currents that cause the dissolved iron to diffuse
more rapidly and hence come il:l contact w:ith .the dissolved
oxygen faster, and by hastening the.oxxdatlon and pre-
cipitation chemically of the dissolved iron.

The water of the Flatbush Water Company, which
has a hardness of about 140 p.p.m., contains only two-
thirds as much oxygen as Croton water and 10 p.p.m.
free carbonic acid, produ.ced corrosion as rapidly as Cro-
ton water on the clean iron surface ar3d a _total amount
proportional to the oxygen and _carbor.nc acid content as
required by theory. Yet in service thfs water causes no
complaint and is generally free frorr3 iron and turbidity.
This is undoubtedly due to protective scale formed on

bably consisting of both iron oxide and car-

ipe, pro
the pipe, PTf As previously stated, the alkalinity of

ponate of lime.
hard waters is reduced to about 25 p.p.m., when the

to completion.

action g0€s 3 il

Dissolved oxygen disappears rapidly in all cases. In
the first fifteen minutes 23 to 37 per cent. were used up
due to oxidation of both hydrogen and dissoved iron.

ive speed of oxidation is best seen in com-

elat
gerr p to one and a half

paring percentages of oxygen used u
hourss-o long as there is oxygen in solution the reaction
takes place rapidly and almost proportional to time and
he iron precipitate is red (Fe:0s). After exhaustion of
$ the reaction becomes slower, the red oxide

en et
;};?n ;xr);% uced to the lower black oxide, turning green to

gose s
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brown to black. The color of the precipitate gives a good
indication of the progress of the action.

While there is dissolved oxygen present there is iron
in solution, depending upon the amount of active carbonic
acid. Soon after the oxygen disappeared it was but
rarely that more than 0.5 to 1.0 p.p.m. iron was in solu-
tion. It is obvious that the amount of dissolved iron is
greater with increase in the active carbonic acid.

The amount of oxygen within wide limits does not
seem to affect the rate of corrosion materially, but the
total amount of iron removed from the pipes in complete
reaction, other factors remaining the same, is directly
proportional to the dissolved oxygen in the water.

When iron pipe is exposed to the continuous action
of water, as in service, a protective coating forms ac-
cording to the nature of the water. Its action is to delay
corrosion rather than to stop it, and to reduce the amount
of iron appearing in the water. The corrosion goes on
slowly, but the oxides cling to the iron, increasing the
.amount of scale. In cold action the greatest protection
was acquired experimentally in ten days, and then re-
mained constant. Flatbush and Brooklyn waters caused
a better protective coating than Croton water. The iron
produced in 24 hours dropped from 114 and 84 p.p.m.
respectively for the two former to 21 p.p.m., Fe, for the
Croton, and its modifications from 56-102 to 29-35 p.p-m.,
Fe. Croton was tried in four modifications—untreated ;
with free carbonic acid neutralized by sodium carbonic
acid; neutralized by lime hydrate to bicarbonate, and
treated with one grain of alum per gallon.

In hot action the protective coating formed in two
days. Flatbush water reached the lowest level of 3 p.p.m.
iron with an average of 8. Brooklyn water reached 4
p.p.m. iron with an average of 9. Untreated Croton
fluctuated high and low with an average of 41 p.p.m.
iron. The alum-treated Croton averaged 26. The soda-
neutralized Croton averaged 23 p.p.m., Fe. All the
averages, cold and hot, include results from the tenth to
the twenty-first day.

The pipes which had acquired a protective coating
from these different waters were subjected for 24 hours
to the action of untreated Croton water and to Croton
water containing 20-27 p.p.m. free carbonic acid. The
water with increased carbonic acid produced an average
of 38 p.p.m. iron from the pipes with scale formed in cold
action, against 24 p.p.m. produced by untreated Croton
(5 p.p.m. CO.). On the pipes with scale produced in hot
action about the same relative quantities were produced,
34 against 22 p.p.m., Fe, showing that water containing
the greater amount of carbonic acid causes more corrosion
upon pipes protected by scale.

The scale produced by Flatbush, Brooklyn and soda-
neutralized Croton water proved the more protective.

General Summary.—Extensive corrosion takes place
rapidly in new pipe while the iron is fairly clean from in-
crustation. This explains the abundance of complaints
of iron rust in new service installation.

Concerning the kind of pipe, there is little doubt that
steel pipe is most readily attached, wrought iron next,
and galvanized iron the least. The latter is far preferable
for use. Lead pipe should never be used any more than
absolutely necessary because of the danger of accumu-
lative poisoning with minute amounts of lead (less than
0.5 p.p.m.).

The chief agent  in dissolving the iton is carbonic
acid, as it is also the chief agent in holding iron in
solution.
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The chief agent in carrying the rusting to the greatest
extent is oxygen. / : 'd‘

Through the catalytic action of active carbonic act
about 7o per cent. of the oxygen in the iron rust comes
from the water by chemical decomposition, hydrogen gas
being set free. The remainder only, about 30 per cent.,
is furnished by the dissolved oxygen in the water.

Soft Water Containing Much Free Carbonic Acid
Causes the Most Trouble.—Waters which give the most
trouble are very soft and contain considerable free car
bonic acid.

Hard waters rarely cause complaint, as they form
an excellent protective coating on the pipes. _

The action in distribution services probably nevet
reaches completion on account of protecting scale O
oxide, etc.,.which retards corrosive action, The scale
varies with different waters in protective properties. .Tap
samples in New York City have shown no apprecia” &
diminution in dissolved oxygen or in free carbonic ac%%
so that only slight corrosion can have taken place in Pr°
portion to volume of water and possible reaction. Ever
hot services have shown the usual amount of carboni
acid and more oxygen than would saturate the water 2
the temperature when drawn. :

Since in. distribution services there is no exhaust‘(’;1
of oxygen, any increase in free carbonic acid may me.ah
a possible increase of soluble iron in the water, whic
would be precipitated in the hot water supply- 3

Neutralization of free and half-bound carbonic a¢!
is impracticable as it tends to hasten corrosion if theré
the slightest excess of hydrate, removes zinc W.he.n £
from galvanized pipe, interferes with alum precxp‘t,"‘t.lf_
and color removal, and produces considerable precip! 2
tion of calcium carbonate in the water, which woul Iy
posit in the pipe system, meters, etc., unless pre"‘ous :
removed by filtration or sedimentation. 'bleA

Neutralization of only free carbonic acid is feas ¢
since it retards corrosion and reduces the amount
soluble iron.

Either soda-ash or lime oxide may be used.
duce the corrosive action, cold or hot.
lime should be used to form bicarbonate.
increases the hardness 1.1 p.p.m. for every I p-p-o
carbonic acid neutralized to bicarbonate. About 5
CaO per 1,000,000 gals. of water are required for
1 p.p.m. carbonic acid. It is best handled dry.
about 2 cents per 1,000,000 gals. per I p-p-m
bonic acid. cen”

Soda-ash is more soluble, can be handled in coRtes
trated solution and consequently in small-sized tan i in
probably with better regulation of dosage would n¢ a5t
crease the hardness, but, on the contrary, would decllﬁum
the lime sulphate in the water, changing it tO i
sulphate, thus improving the water for boiler ently
and for other industrial purposes. It also appar ipe-
helps to form a better protective coating on the I:
About 20.2 Ibs. soda-ash per 1,000,000 gals. of wate ould
required for each 1 p.p.m. carbonic acid. is W o
cost about 20 cents per 1,000,000 gals. for each T P'pn a

ssfullyto if

carbonic acid. Soda-ash has been used succe .
small scale to obviate red water trouble. The grei 1
ference in cost is due to the greater molecular welghe’ cost
combining power and greater cost per pOUnd' e and
must be considered in connection with the degfes o
advantage of the change of sulphates to carbonaté ,tr X
Aeration of water by splashing followed by o )
zation of residual free carbonic acid (about 5 p-P :
probably the best practice. :
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FIXED CARBON DEPENDS ON CRUDE

CHICAGO EXPERT SAYS THAT H
IGH FIXED CARBON I
N
NOT AN INDICATION OF CRACKED OIL IF CRUDE ALSO HASRI}iféI:{EI?IXASPHALT o
ED CARBON

By LESTER KIRSCHBRAUN, B. S;,

Director Chicago Paving Laboratory.
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a formula establishing the per

known fized carbon, but it 1.

presented strong argumen

engineers and chemists on this test. T

municipal highway or consulting engm

opinions regarding the Fized Carbon T'es

INCE Mexican asphalt has come upon the market,
there has- arisen considerable comment UPO® the
value of fixed carbon tests. ~Mexican asphalt has
manygener a“y Sh(}Wn a high fixed carbon figure, and in
Where ‘iises it fails to meet specification regmrements
Tather the usual maximum is given. On thls'acoount,
ucers h an upon the merits of ‘the matter, various pro-
Specific t8:ve advised the elimination of this requirement 10
Irect ations. While the arguments p'rqsented in this
S ather of a commercial origin, there i 1o
ion but that there should at least be a revision of this

Claus . !

Ie if retained in asphalt specifications
n the following discussion the writer shows that the
uced from liquid crude

fix

is g:p‘;";?On figure in asphalts prod
€ crud ent, among other conditions, upon the nature O
obgeude from which such asphalt s ? ptained. 1t will be
in the ed that the hydrocarbons yielding fixed carbon aré
uct, ?l?l{rse of distillation, retained in the asphaltlc pro-
gure r his product will then have a normal fixed carbon
[ et by the quotient of the fixed carbon in
i 0 divided by the percentage yield of asphalt-
Fapp lies under theoretically ideal refining conditions-
or example, if we have a crude showing 8% of fixed
erefrom 15

Car
30% D and the yield of asphalt obtained th g
> We should normally have a product giving 167 O
if we have @ crude

shOWi:arb?n- ~ On the other hand, "

give 8“/g 47% of fixed carbon, the product should normally
45 on the basis of 50% yield:

not perfect, there

If
y fhowe\,er, refining conditions are
w ichon.ned decomposition products, the pydrocarbons
. yield fixed carbons, and thereby 81V to the re-
ver an

in :
& product an increased fixed carbon figure 0
itent of the €f ude-

abgy,
Thig eisth:t detived from the normal con _ o
Sure matter of fact observation. The fixed carbo
ang ’e th-ereby becomes an index of this decomposition
a“gerr:fln. lies the significance of the test as also the
ti Its application.
Pretey 'S evident that the resu
' In the light of the above
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conditions, and this 15
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rally.
fliciently

t is of the empiric

al class of formulae agar ;

ts in his article. This shows the diﬁere%emjf ?ﬂm};@,}” i
aE CANADIAN ENGINEER wouwld Uke to he’:zra;?‘wng

gers or road contractors who may have deﬁ:,??;

¢ —EDITOR. )

ledge of crude material
: . s and methods emplo; i
¢ ed i
idtu;:;loolﬁ’d tll:;s :;fg:sld protve no 1fpemal difficulty, g:ren t?'logrg(;;
cessary to make tests of crudes and
tory product-s in order to determine proper standa:da:ora-
i In the }lllght o§ the present knowledge of the subject
e .wnter as flrrxved at the following tentative i
clusions A’egardmg the value of the fixed carbon tes:::('m-
g S)}e s a matter of refinery control it is extrem;ly
le in gauging the efficiency of the distilli
operation. i
(2) To the asphalt chemis ili i
t familiar with crud
. . eS
fnthO(?S of obtaining asphalt therefrom, it is a val al;lld
mdxc?t)non of the care used in refining ’ o
3) If the fixed carbon requi . ik
! : 1 requirement is em ied i
spemﬁf:aﬁlons no ‘ﬁxed maximum should be statzgd let'} 5
such limit takes into consideration the effect of thelmhess
acter pf the crude material. In order, therefore toc i
p_erly incorporate a fixed carbon requirement in ;pecig;o-
tlons,-the writer unld suggest a clause (this referring ?(;
material of approximately 50 penetration) somewhat as

follows :—
“The yield of fixed carbon obtained upon ignition of

the asphalt cement ‘must not exceed 147
. I /°
amount is smaller than 37% in excess of the4qu:>t;g:f Sosf ::e
fixed carbon from the crude, divided by percenta i 1e
of asphalt.” ' ge yied
To state this mathematicall
: y and to bett
the fixed carbon in the asphalt cement shoufg ii:a:;:g;i,
Fixed carbon from crude
+ 3%

Per cent. yield asphalt
In other words, where the test shows i
0 ’ n exces
14% of. fixed carbon, the above formula will apply if ssu(:;f
excess is due to the character of the crude from which the

asphalt is produced.
So far as known to the writer, the fixed carbon test

was first generally applied to the bitumens i

industry by Mr. Clifford Richardson. Fol(ljivgrgpag:;g
carbon requirements have been largely introduc’:ed in
speciﬁcations for paving asphalts and road binders. The
value of this test has been subjected to considerable ques-
tion, and in many instances much confusion has arisen
through improper and empirical interpretation of results
Fixed carbon determinations must be properly considereci
in connection with other analytical data and further, in
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connection with the character of the bitumens under ex-
amination. When so considered, the writer is of the
opinion that the fixed carbon test has a decided value in
specifications and is capable of yielding much information
to the experienced asphalt analyst.

The writer explained in detail his understanding of
the significance of fixed carbon determination in a paper
before the American Society for the Advancement of
Science, and presented the following laboratory data and
explanations thereof, upon which his conclusions have
been based.

Fortunately, the method of determining fixed carbon
is fairly well standardized, and unlike many other methods
employed in the examination of asphalts, the procedure at
least is uniform. The method used is that recommended
by the committee on coal analysis of the American
Chemical Society, published in Vol. 21 (1899) page 1116.
Briefly, it may be described as follows: A sample of one
gram of the bitumen to be examined is weighed into a
previously tarred platinum crucible of about 30 c.c. ca-
pacity, provided with a close-fitting cover. This is ignited
for exactly seven minutes on a platinum triangle over a
bunsen burner carefully regulated so as to give a flame
6-8 cm. high to the top of inner cone and fully 20 cm.
high to the tip. The platinum crucible is placed % cm.
above the tip of the inner cone. The ignition should be
carried out in a place free from draft and permitting a
steady flame. At the end of 7 minutes the crucible is re-
moved from the flame, cooled in a desiccator and weighed.
It is then returned to the flame, uncovered, turned on its
side to give access to air, and ignited until all carbonace-
ous matter is removed. The cover is ignited to remove
deposited carbon upon the under side. The crucible and
cover are again cooled and weighed, the weight subtracted
from that previously obtained, representing the fixed
carbon.

When the bitumen carries mineral matter containing
carbonates, the ash in the crucible is treated with a few
c.cs. of a saturated solution of ammonium carbonate,
dried, and ignited at a low heat to remove excess of car-
bonate and the corrected weight of ash obtained. The
percentage of fixed carbon is calculated to the weight of
the original sample, less the mineral matter obtained in
the ashing. When notable amounts of ““free carbon’’ are
present in the bitumen, the results may be reported as
fixed carbon less free carbon. The author, however, pre-
fers to report the fixed carbon as obtained for the reason
that the organic non-bituminous residues reported by the
usual methods of extraction are probably seldom actual
elemental carbon, but more often highly dehydrogenized
hydrocarbon or hydrocarbon derivatives.

In cases where it is desired to obtain a fixed carbon
figure apart from such non-bituminous matter, a portion
of the soluble bitumen may be recovered from extraction
for this purpose. In the hands of a single operator, uni-
form and consistent results may be obtained by this
standard method, but skilled analysts are known to vary
considerably upon check determinations. The heating
value of the gas available in different localities is probably
a large factor in this variation. Where certain natural
gas is available for making this test, variations of 2 to
3% are known to result on this account. The quality of
gas used is, of course, beyond the control of the analyst,
although in the larger cities the heating value of artificial
gas is fairly well regulated. '

Aside from this, however, other considerations enter
into the accuracy of the determinations—the exact size of
the crucible, the tightness of the cover, freedom from
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draft, the position of the crucible in the flame and the
exact size of the flame are all important factors. Con-
siderable stress should be laid upon this latter. The
standard method permits of variation of 2 cm. in the
height of the inner cone and the exact length of the flame
is limited only to a minimum. In the author’s laboratory 2
bunsen burner of the Chaddock type is used for these de-
terminations. This affords a protected and steady flame.
The same burner is used for all determinations. ~ The
flame is adjusted to a scale laid off on a wood rod, gradu-
ated at a point level with 8 cm. and 20 cm. above the top
of the burner. Before making the ignition, the rod is
placed on the hip of the burner and the flame adjusted
exactly in accordance with the graduations. A further
advantage results from the use of a Chaddock burner in
that the distance of the triangle (on the crown) above the
top of the burner is necessarily always constant.

The importance of a more exact regulation of the
flame_may be illustrated by the following experiment
wherein determinations were made upon the same sample
under varying conditions of the flame, all other factors
being the same, the crucible adjusted in each case 4 cm.
above the tip of the inner cone:—

8 cm. cone, 20 cm. flame....... 13.59
6 cm. cone, full flame 25 cm. . 12.64
8 cm. cone, 20 cm. flame ...... 13.55

6 cm. cone, full flame 25 cm. .

The determinations were made in the order given SO
that the effect of the manipulation in changing the flame,
might be observed on the duplication of results. It 15
evident that very exact conditions of manipulation ar€
necessary to obtain consistent results in these determina-
tions. The discrepancies resulting from careless manipu-
lation or even from variation of the flame with the limits
given as-standard may be sufficiently great to invalidate
the correctness of deductions or proper interpretation ©
the results. It is believed that these factors are account~
able for much of the lack of confidence in fixed carbo?
tests, and that with closer attention, a high degree ©
accuracy may be attained. Where conditions of gaseous
fuel give comparatively high results, there should at least
be no difficulty in making relatively correct and consistent
determinations and specifications in such case can P¥
modified and interpreted accordingly.

Some discussion of the derivation of the fixed Cafbon
yielded by bitumens upon ignition is pertinent in consider-
ing the significance of fixed carbon and its consequent
value in specifications. The character of the hydrocat’bOI}S
present in the bitumen is a determining factor in t
yield of fixed carbon. According to Richardson, this d2 o
shows the ‘‘relative proportions of carbon and hydroge”
in the bitumen under examination. In the cases ©
paraffine hydrocarbons of the formula Cn Han + 210 x.eh
carbon is left on ignition, while the amount increases wit
each diminution of the proportion of hydrogen to carbom
until in Grahamite as much as 50% is found, where thé
relation of carbon to hydrogen is as 8 to 1" :

In other words, the yield of fixed carbon in biturme?

is commensurate with the degree of condensation ob'tu-
particular classes of hydrocarbons present in such B!

i al
mens. This condensation is brought about by “at“rof
agencies in the native bitumens. The manufactur® o

lves ¢

solid bitumen from native liquid bitumens invo Pt

production of more of condensed aggregations of hy o

carbons as the resultant product. This is 2 functtoﬂd
ol

the process used, and may be effected by means 5
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hydrogenization by air or sulphur, by oxygenation, by the
splitting off of hydrocarbon, or merely by the concentra-
tion of more condensed hydrocarbon through the removal
of lighter ones by distillation. Several means of conden-
sation may be employed in the same process.

Remembering that fixed carbon is a measure of con-
densation of any given aggregation of asphalt hydrocar-
bons; and that such hydrocarbons may vary in degree of
condensation to the extent that they become insoluble in
certain fluxes, in carbon tetrachloride, and even in the
usual solvents for bitumen, the value of this test will be
further and more specifically discussed. It is the belief
of the writer that the fixed carbon characteristics of
various paving bitumens are significant in three par-
ticulars :— .

First, as a means of identifying and classifying native
bitumens ; second, as a check upon the suitability of flux
combinations with hard bitumens; and third, in the pro-
duction of oil asphalts, as an important means of deter-
mining and controlling the quality and uniformity of the
product. With reference to the value of fixed carbon as
a means of identification of native bitumens, little need
be said. In connection with other data, this feature af-
fords an important item of identification.

As is well known, the Grahamites yield very hi.gh
fixed carbon, ranging from 30% to 55%. The solid native
asphalts used in the paving industry yield approxxmatt{:}ly
9% to 26% of fixed carbon. Gilsonites show 12 7% to 17_4,
the harder varieties giving the higher yield. Distinction
between Gilsonite firsts and seconds and their quality 1s
indicated by fixed carbon. The fixed carbon characte-
ristics of the individual paving asphalts are fairly well
defined for each kind and this feature affords a means of
check of uniformity of such natural products and some-
times of the uniformity of their refinement. This function
of the fixed carbon test is not directly pertinent to specifi-
cations so far as identification is concerned, but is of
much value to the analyst in affording knowledge as to
the material dealt with, and correlating with such know-
ledge a proper treatment in fluxing and handling.

Fixed carbon, as applied to native asphalts or Rarti-
ally fluxed refined products, has no place in specifications.
The preparation of asphaltic cements- or binders from

‘hard, highly condensed bitumens is a matter of great im-

portance. As previously indicated, such highly condensed
products vary in solubility in the different kinds of ﬁuf{es
available for softening purposes, some fluxes being
totally unable to dissolve these products. The life and
cementing powers Of asphaltic binders are directly de-
pendent upon the permanency and extent of solution of
the harder in the liquid hydrocarbons present. The refer-
ence to solution is made here, not in the strict sense of
the word, but by considering combinations of this char-
acter as colloidal systems of widely varying degrees of
dispersion.

Certain of these highly condensed bitumens, 'such as
pitch produced by cracking paraffine oils, are en'txrely in-
soluble in paraffine flux, so that only a mechanical mix-
ture of oil and solid results from attempts to flux them.
They are likewise insoluble in semi-asphaltic ﬂ}xxes, but
are dissolved by strictly asphaltic fluxes. ~ With other
highly condensed bitumens a granular or non-homoge'ne-
ous compound results with paraffine fluxes, representing
a minor degree of solubility, increasing generally as the
flux or refined asphalts contain more of .the heavy asphaltic
malthenes which are of high solvent character. The effect
of the presence of the heavy - asphaltic malthen.es is to
“‘dilute”’ the highly condensed hydrocarbons, which yield
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high fixed carbon, thus producing bituminous cement of
proportionately lower fixed carbon yield. *

Some illustration of the variation of fixed carbon in
cements in accordance with the character of the flux may

be tabulated below (all cements between 50 and 60
penetration).

Fixed Carbon in Bituminous Cements with the fl-
lowing Fluxes:—

Character of Cement.
Punky, non-homogeneous
Dull, greasy, short.

Bright.

12,4%  Bright, ductile.

Dull, short granular.

Dull, granular.

Slightly granular.
12.6% Homogeneous, ductile.

Dull, short

Bright.

Bright, ductile.

119% Bright, ductile.

. Paraffine. Illinois. Texas. Calif.
Grahamite 14.5%
* 18.3%

12.4%
Calif. “B”  163% 4 4
% 15.2%
. 18.6%
Cuban 13.9%
&t 13.6%
A 11.9%
There is no mechanical method of measuring the con-
dition of solution of these combinations, but the physical
appearance, together with the ductility, gives a general
index of this feature. The reference to ‘‘punky’’ indicates
a putty-like condition, similar to shoe polish, and will be
recognized by those familiar with bituminous products
thus described. In the preceding illustration the same
lot of flux was used throughout, so that this factor re-
mained the same. In the use of California flux, the
higher fixed carbon yield of this offsets, in some instances,

the dilution of the hard bitumen.

In fluxing combinations, there is a generally im-
proved condition of solution as the more asphaltic fluxes
are used in combinations with the hard bitumens. The
higher fixed carbon figures are associated with an imper-
fect state of solution, and the lower ones with more satis-
factory combinations or greater degree of dispersion or,
if the term might be used, with a better ‘‘grading’’ of
hydrocarbons from heavy to light. The foregoing tabula-
tion is not directed to any particular type of bituminous
cement, but is given rather as illustrating the principles
involved in this feature of the discussion.

It must not be assumed that a comparatively low
fixed carbon yield without reference to other tests neces-
sarily signifies in all cases a proper flux combination, but
in dealing with hard bitumens fluxed back to paving con-
sistency, the writer believes the reverse may be correctly
stated, that a high yield of fixed carbon invariably signi-
fies an improper fluxing, producing a cement of lower or
impermanent binding value.

This may be often recognized by the physical appear-
ance, homogeneity or ductility of the cement. If these
latter characteristics remained permanent through ageing,
it might be safe to place complete reliance upon them for
determining these features, but as a matter of fact, com-
binations of the kind referred to are particularly liable to
change and their appearance when fresh and especially
their ductility is subject to great loss upon standing, so
that the significance of a high fixed carbon content is-of
evident importance in such connection. '

Fixed carbon, of course, varies with the consistency,
naturally decreasing in a given combination as the amount
of flux used and the consistency increases.. It is evident
that an apparently low fixed carbon yield -obtained at a
high consistency may be in reality excessive. For ex-
ample, a fixed carbon yield of 127% in a fluxed cement may
not appear excessive when considered alone, but if- as-
sociated with consistency of 200 penetration would be of
undoubted significance. Therefore, this must -be inter-
preted in accordance with consistency, and the' correct
significance may be conveniently arrived at by preparing
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a curve for the given combination covering a sufficiently
wide range of consistency to give the relationship desired.
Such a curve is given hereinafter for an oil asphalt
cement.

Where specifications are so drawn as to cover the
character of fluxes used in the cement and carefully pre-
seribe the kinds and amount which may be employed
under various conditions, a fixed carbon requirement is
hardly necessary. However, very large quantities of pre-
pared cements and binders for bituminous roads and
pavements are now purchased and used under such con-
ditions as to make it impracticable to govern the fluxing
operations directly. Under such conditions, particularly
when a number of bitumens, rather than a single combi-
nation may be compounded into the marketed product,
the value of a fixed carbon requirément in the specifica-
tion as applied to the cement, becomes apparent.

The foregoing discussion has referred only to con-
ditions -in which hard, highly condensed bitumens are
fluxed to paving consistency. In dealing with asphaltic
products brought to grade by distillation from liquid
native bitumens, a somewhat different and more import-
ant significance may be attached to fixed carbon. As has
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been previously stated, the formation of this class of ma-
terials involves the production of more condensed pro-
ducts than the liquid bitumen from which they are made.
In the distillation of liquid bitumens for asphalt, it is
recognized that it is desirable to avoid cracking or the
splitting off of hydrocarbon so far as possible, in order
that the residual may retain its binding strength and per-
manency to the greatest possible useful extent.

The splitting off of hydrocarbon may take place to a

comparatively slight degree, or it may go so far as to
evidence itself in the production of ‘““‘carbenes’’ or even
of insoluble hydrocarbon and free carbon. For a bitu-
men of a given character, the splitting off of hydrocarbon
with subsequent condensation evidences itself by greater
fixed carbon yield. It follows, therefore, that the yield of
fixed carbon in solid bitumens produced by distillation,
becomes an index of the extent to which the splitting off
reaction takes place as compared with a simple concen-
trating of condensed hydrocarbons already present in the
crude bitumen. Fixed carbon thereby affords an index of
the severity of heat treatment, ranging from evidences of
lesser degree to the accompaniment by carbenes or in-
soluble hydrocarbon or free carbon.
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Where solid bitumens are produced by condensation
of residum with air, without distillation taking place, a
normal fixed carbon content will result from such conden-
sation, greater, of course, than that of the residuum. If,
however, the residuum be cracked or partially decomposed
in preparation, and abnormally higher fixed carbon will
result ; likewise if the air treatment be so conducted as to
result in distillation by splitting up of hydrocarbon, the
product will show higher yield of fixed carbon.

In order to illustrate the effect of heat treatment in
the distillation of native liquid bitumen, the writer has
prepared data giving the range of fixed carbon figures
upon samples taken at various intervals from a still dur-
ing a commercial run of residual asphalt under known
temperature conditions. A lot of the same crude as used
in this run was subjected to careful distillation in a labora-
tory still under conditions, including lower temperature,
which minimized, if not entirely avoided, all splitting up
or cracking action.

The results are given here in graphical form in Fig.
1, wherein the commercial run referred to is designated
refinery ‘“A.”” The results obtained upon 2 series of com-
mercial samples from refinery ‘‘B”’ are likewise given,
although no data was obtainable in connection with these
samples as to temperature conditions during their pre-
paration.
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Fig. 1 gives the relationship between consistency and
fixed carbon. A sharp turn in the curves is noted at the
harder consistencies, which might be construed as repré-
senting conditions of greater severity. This, however, 15
not strictly the case but is due rather to the imperfectio”
of the penetration test which does not accurately measuré
relative hardness, particularly at the low penetrations- |

In Fig. 2, the flow or melting point relationship With
fixed carbon is given, the former representing relative
hardness to a more accurate extent. It is noted tf‘at
these latter curves approach a straight line, indiqaﬂng
nearly direct variation between these elements. It 1S ap-
parent that a difference of some 2000 F. in heat treatme?‘.t
of the bitumen results in a showing of materially differe®
fixed carbon characteristics in the resulting products:

At the low temperatures the distillation follows Clos,el.y
to a true concentration of condensed hydrocarbons origlh
nally present in the crude. The difference between this
and the commercial run is evidently represented by 3dd.:
tional condensation due to the higher heat treatment 1
splitting off hydrocarbon. satics

The writer considers the fixed carbon vcharacteﬂst -
of the commercial runs given as representing the B iy
grades of this kind of product now available commerciZ .
upon the market. As an illustration of the effect ©

Lo
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action to an undesirable degree, are given a few analyses
of the residual products of like asphaltic base crude, the
first two of which were produced from the same crude as
in the preparation of samples of series ‘‘A.”

Pen. 42 46 80 41 26 22 46 82
Fxd. C 147% 14.3% 168% 169% 16.6% 20.0% 17.0% 18.6%
Sol CS: 99.8% 99.3% 99.7% 997%  99.7% 97.2%  99.0%  98.0%
SolCCl, 98.8% 96.5%  96.0% 97.9% 96.9% 86.6% 94.4%  90.9%
Ductility 115+cm 110+cm 110+cm 60.0cm 55.0cm 18.0cm 7.0cm  4.5cm

Of the above cements, the third has a history of ser-
vice test. It was laid in a sheet pavement in 1910 on a
residence street. The pavement marked well in 1910 and
passed through the winter with one crack. The following
summer it was harder but still marked. It cracked us-
usually severely in the winter of 1911. In the summer of
1912 it was very hard in the hottest weather but showed
freely the calk marks of previous traffic, the paveme.nt
being too stiff to iron out. The general appearance In-
dicated very rapid hardening of the cement.
~ Inspection of these results shows the effect of con-
densation in various degrees to the final stages where the
material has retained but little binding value and .is char-
acterized by little ductility, by the presence of considerable
amounts of carbenes and by insoluble carbonaceous mat-
ter. It will be of interest to locate the fixed carborﬁl points
of these samples in comparison with the curves given for
the acceptable grades of the commercial article.

Attention may be called at this point to the fact that
some crude oils normally give rise to asphaltic residues
of much higher fixed carbon yield than the .materials used
in the foregoing illustration. This is possibly due to an
originally large content of highly condensed hydrocar-
bons, and to the nature of the particular hydrocarbons
present. In such cases a relatively high fixed carbon con-
tent in the residual product is not necessarily re.lated to
the severity of heat treatment and in dealing with such
residuals, specifications and proper interpretation of f}xed
carbon characteristics must be based upon data obtained
by careful run of the crude under known conditions.

The effect of the character of crude upon the fixed
carbon yield of product prepared therefrom, is illus’grated
upon two samples treated by test runs as previously
illustrated.

Crude Fixed Carbon Fixed Carbon

Gravity. Fixed Carbon. in Distillation. in Product” Yield Product.
Crude A 12.5°Be 8.7% .02% 6.3% 502{,
Crude M  18.0°Be 7.5% 15.8% 50%

It will be noted that by careful distillation the forma-
tion of condensation products is small and that the value
of 15.8% of fixed carbon obtained in the residual of crude
“M” is quite normal for this, although it would not be
so for crude ‘‘A.”’

It will be seen that the determination of fixed carbon
in asphalts produced by distillation, affords an important
Means of control of the quality, uniformity and care used
in preparation of the product. The excess of fixed carbon
Yield above that normally resulting by concentration f.rom
the condensed hydrocarbons present in the crude, is 2
Measure of condensation produced by the effects of the

eat treatment in splitting off of hydrocarbon. .

It is apparent that the best practice should limit this

action to the minimum and that specifications should con-

trol this by a fixed carbon limit within which the product

Will retain to a useful and permanent extent, the qualities
€cessary for pavement and road construction.

It must be understood that the fixed carbon test, like

Others employed in the examination of bitumens, must
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be interpreted and applied in specifications upon the basis
of a broad understanding of the relationship between the
various chemical and physical characteristics of paving
bitumens and their origin and methods of preparation for
the market.

—_— e@o———

OIL AND GAS IN WESTERN ALBERTA.

The Geological Survey has received a sample of the oil
recently struck by the Calgary Petroleum Products Company
at a well situated at Black Diamond, sixteen miles west of
Okotoks, Alta. This oil was struck at a depth of about 1,560
feet. It is what is technically known as a ‘“‘white oil,”’ being
transparent and of an amber color. It is phenomenally light
for a natural mineral oil, having a specific gravity of about
62 Baume. Evidently it consists largely of gasoline. In fact
it has been successfully used in its raw state in place of
gasoline in an automobile.

White oils are rarely found in quantity. They would
appear to be the result of filtration through clay strata, under
pressure, of the lighter portions of ordinary petroleum. That
this has occurred in the present instance is made probable
by the fact that at a higher horizon in this well a flow of
gas of 2,000,000 feet a day, was struck. This gas is also
peculiar in the large amount of gasoline it contains. It pro-
bably represents a further stage in the process of filtration.

The amount of oil present has not yet been determined,
so that the commercial value of the strike is still unproved.
If the amount of gas encountered in the higher level is any
criterion, this may prove to be the exceptional case and a
considerable quantity of oil, for a white oil, be obtained.

Whether oil is present in large quantities or not, the
strike is of importance, as the white oils are usually found
only in the vicinity of large bodies of the ordinary petroleum.
Thus it is an excellent indicator.

Mr. D. B. Dowling, of the Geological Survey, who visited
the well shortly before the strike was made, reports that the
well is located on an anticline, in shales of the Pierre for-
mation, and that the oil was encountered in underlying Belly
River beds. On either side of the anticline overlying Ed-
monton beds are exposed. Going eastward, therefore, the
covering will rapidly thicken. Westward toward Moose
Mountain, according to the work of D. D. Cairnes, of the
Survey, the formations are folded into a number of anti-
clines, bringing lower formations to the surface, and in
Moose Mountain faults are encountered. Between this faulted
ground and the well are several anticlines where prospecting
for oil might be undertaken: These anticlines probably run
in the direction of the.main structural lines, that is, roughly
parallel to the mountain ranges. Mr. D. B. Dowling, of the
Geological Survey, is now in the field, having been commis-
sioned by the Director to examine the well and make a study
of the geology of the district.

— >  ——

It is not often that a complete electric light station sails
away after having done good service to-a town. Such an
unusual happening is reported from the T ownship of Ocos,
in Guatemala, which, having enjoyed the benefits of electric
lighting, has unwillingly reverted to oil lamps, its power-
house having gone to sea. Four years ago a liner was im-
prisoned in the lagoon without suffering any damage. An
enterprising engineer thereupon used the ship’s dynamos for
supplying the whole township with current for lighting. The
scheme was a great success until a salvage company ap-
peared. The connecting cables were severed, the vessel went
back to sea, and Ocos was temporarily left in darkness.
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OVER-OXIDATION OF STEEL.

paper read before the New York meeting of the

American Institute of Mining Engineers, describe

some investigations carried out for the purpose of
studying, both by chemical and metallographical means,
the extent of over-oxidation of steel that can be accom-
plished by excessive over-blowing in a Bessemer con-
verter. In addition they give some results of basic open-
hearth and crucible steels.

The experiments were carried on in a Bessemer con-
verter blowing steel for the duplex process. The hot
metal used, with one exception, had the following com-
position :—C, 3.50 per cent. ; Mn, o.70 per cent.; P, 0.450
per cent.; S, 0.050 per cent. ; Si, 1.20 per cent.

In the basic open-hearth heat a test sample was
taken just before adding ferro-manganese. The bath
had been boiled down <‘flat’’ and held for some time.
The following is the analysis :—C, 0.05 per cent.; Mn,
o.o5 per cent.; P, o.023 per cent.; S, 0.055 per cent. ;
0, 0.024 per cent. It will be noted that the oxygen con-
tent of this heat is low, in spite of the fact that the heat
was boiled down flat and held some time at a high tem-
perature, thereby affording the best conditions for over-
oxidation. Results on finished open-hearth steel are of
interest ; the drillings for these determinations were not
taken from test blocks, but from the finished product.

Rail Steel.

MESSRS. W. R. Shimer and F. O. Kichline, in a

Oxygen.

Heat No. Per cent.
) D D L P S R R L Ay 0.018

0.01

R T 2 P S R A R 0.0156
E—22,377 «cvovevosrmsete R o 5 OVORS
E—17,44T coocvees R eiee e o OSOLY,
E—21,428 .aveosodonpsonncsnis 0.019
E—24,202 cccovrecnsses s s e 0.019
E—206,008 - osss00sssses § s o 0.01%7
Structural Steel (about 0.19 per cent. C.)

Oxygen.

Heat No. Per cent.
B 84,000, i ges 43 aNm 8 gs 22t 0.024
B 17, X041+ oip sio acbiv aaasis somgds 0.022
E—22,068 .ccveeeccncns b e 0.019
E—22,277 cossiasssinasnonsnose s O/OLS
E—24,063 «occoonsisocnnsens v HDOL L

Oxygen determinations were run on a few o.60 per
cent. carbon crucible steels, and showed the following
oxygen contents :—

Sample No. 1.—Test dipped out of a go-Ib. crucible
and cast into a small test block; oxygen, 0.014 per cent.

Sample No. 2.—Test dipped out of a 1-ton ladle ;
same heat as sample No. 1; oxygen, 0.014 per cent.

Sample No. 3.-—-Finished rolled bar; oxygen, 0.010
per cent.

Sample No. 4.—Rolled bar picked out at random
from the stock rack; oxygen, o.o10 per cent.

Samples 1 and 2 were dipped out of the bath and
cast into small moulds, and were, therefore, somewhat
porous, which no doubt accounts for their showing

slightly higher oxygen than the finished bars, which,

were solid.

The results obtained from converter metal may be.

summarized as follows. Every effort at over-oxidation
was made, both by over-blowing and by ore addition :—

Volume 25.

The highest oxygen contents obtained by over-
blowing, were 0.074 (in Test 2); 0.064 per cent. (in Test
8) and o.049 (in Test 11), notwithstanding that the
samples were taken immediately, in -order to get the
highest oxygen possible. Also the samples were coole
quickly so that no gas could escape during casting.

While oxidizing with ore, we obtained 0.029, 0.028
and 0.033 per cent. oxygen, by taking test samples im-
mediately after the ore began working through the metal.
When time was allowed for the oxygen to escape after
the ore addition, a content of 0.017 per cent. oxygen

. was found.

A basic open-hearth heat, under oxidizing conditionss
gave only 0.024 per cent. oxygen.

It appears that either an unfinished heat or an over-
ored heat will produce slag inclusions, such as manganesé
silicate, instead of iron oxide. ]

From these results, considering the manner in which
they were taken, we may conclude that excessive oxyger
leaves a bath of molten steel in a very short time. Also
that deoxidation is readily effected by the addition of
hot metal.

Under the same conditions, the higher the carbon the
lower the oxygen.

Finally, it seems highly improbable that, under the
usual conditions of Bessemer and open-hearth practic®
with the addition of recarburizers, that a steel of ovef
0.030 per cent. oxygen can be obtained, and that the
highest obtainable under any conditions, without recar”
burizing, can hardly be over 0.075 Per cent, .. ReSU N
higher than this must be from drillings improperly takem
or from oxidation that occurred during pouring:

—-——

. NEW YORK'S NEW CANAL.

PR

Progress on New York State Barge Canal furd
subject for a lecture given on October 3oth by State
John A. Bensel before the New York State Waterways
ciation Convention. Mr. Bensel stated that at present T
than 250 miles of the canal are completed to the dimeﬂ51°n
size, and all of the more important structures are more thar
80 per cent. finished. The construction work of the past ye;]
has called for an expenditure of $13,000,000; an the 'tc? 18
work up to date, for about $64,000,0003 while the remaln“o
contracts will have need of an additional disburseme“"hat
$82,000,000. Mr. Bensel urged particularly in his lecture
the utmost care be taken to obtain the best possible mar;f 41
ment for the terminals in New York, Brooklyn, Utica, ke
Albany and all other cities. Work on these is PT0
very rapidly. About 35 contracts have been let; an
Albany terminal is already in use in 2 commercial Wa¥-

ished the

Engine¢®
s0°

more

———

GERMAN IRON AND STEEL pRODUCTION:

According to the returns of the Association ?f Gl
Iron and Steel Manufacturers, the total production & ths
iron in Germany and Luxemburg during the first S “:1 with
of 1013 amounted to 9,567,666 metric tons, as compare Juc
8,564,088 during the first six months of 1012: e pro -
tion of foundry pig increased from 1,581,754 2,40
to 1,812,434 in 1913; of Thomas iron from 5'482’432 to.,
6,040,330; and of steel and spiegel iron from "037’9:;53"
1,260,563. The production of Bessemer and puddle decr;’,483
as compared with 1912, the former from 103,763 0
tons and the latter from 269,137 t0 261,856 tonS:
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ENGINEERS AS CITIZENS.

It has frequently been suggested that more of the
meetings of the various branches of different engineering
societies be devoted to the discussion of civic engineering
problems, not necessarily those only that are immediately
concerned with an engineer’s particular technical work,
but problems of a more or less general engineering nature.
This suggestion was recalled and strongly upheld by Mr.
R. D. Mershon at a joint meeting of the Western Society
of Engineers and the American Institute of Electrical
Engineers in Chicago, his opinion being that individuals
taking part in such discussions would be almost likely
to bring to bear in public affairs the conclusions there
arrived at, and the ideas that would crystallize in their
own minds as a result of such discussions.

One feature of the engineer’s life that should be more
strongly emphasized and urged by engineering societies
is this desirability of his taking a greater part than he
has done heretofore, in public affairs, especially in the
civic affairs of the immediate community.  Practically
all economical problems are engineering problems, and

the engineer cannot avoid taking his own responsible
share in their solution.

The engineer’s excuse is that he is an exceedingly
busy man, and the result is that unless he has the op-
portunities made fairly easy for him, he is not likely to
get out and interest himself in matters respecting the
city’s welfare. Those who read the address of Dr. Swain,
presented at the Ottawa meeting of the American Society
of Civil Engineers last June, and reproduced in our issues
of June 26th and July 3rd, doubtless profited a good deal
by his illustrations of the personal responsibility which
the engineer owes to the community. As to the engineer’s
capabilities in this direction, the speaker stated :

““If there is anything in training and experience, may
we not believe that engineers, as a class, have the train-
ing, temper and experience, which will best enable men
to judge sanely and solve wisely the social problems that
confront us?”’ When one realizes that the problem of
administering the affairs of a city involves the preserva-
tion of the health, safety, property, and order of the com-
munity, and are, therefore, dominantly of an engineering
character, it appears strange that we do not find more of
our engineers occupying positions of greater responsibility
in the administration of civic affairs.

In some European countries the method of handling
civic affairs is quite different from the method in this
country. In Germany, the position of mayor is not
eiective. The work is regarded as a profession, and the
individual is not elected, but employed. Recently there
was an advertisement for a mayor in one of the German
technical papers, and it specified that he should be an
engineer.

The findings would be interesting if one were to study
the relations between engineering interests and social
conditions in general. It is stated, for example, that
Illinois, one of the great agricultural states, has pro-
gressed to a point where 49 per cent. of its people get
their livelihood from something connected with engineer-
ing interests. It would be interesting, therefore, to
parallel with this, some measure of the attention which
engineers pay to legislative and constructive action, public
welfare, and social problems of that nature; and it is cer-
tain that there has not been enough of co-operation on
his part in the past. Although there are no men better
qualified, one is safe in stating that there are none that
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fall farther behind in such obligations than do the

engineers.
— ea>e——

THE FIXED CARBON TEST.

Specifications have been issued this week by the city
of Toronto for the supply of asphalt for 1914. Practically
the same specifications are retained which were used for
this year’s supply, the clause limiting the maximum
amount of fixed carbon to fifteen per cent. remaining the
same as in the 1913 specifications.

In view of the differences of opinion regarding the
value of the fixed carbon test, as indicated by the series
of articles by various prominent chemists now appearing
in The Canadian Engineer, thorough experiments will be
made and much research work done during the coming
year by the chemical and engineering staffs of Toronto,
in order to determine whether the test should be retained
in, or excluded from, the specifications, or retained in a
modified form. It was felt by the Department of Works,
however, that so little time remained for such an investi-
gation this year, that the 1913 specifications would have
to be used again for the 1914 supply, but that the experi-
ments made during 1914 might result in considerable
change in the 1915 specifications.

The objections to Mr. Kirschbraun’s suggestion that
were made by a prominent municipal engineer who was
shown an advance proof of Mr. Kirschbraun’s article,
which appears in this week’s issue, were that it would be
impracticable to carry out the suggestions made in the
article, as no city could be sure that it was securing the
refinement from a certain lot of crude, even if it were
able to secure a dependable analysis of that crude, nor
would they know the percentage of refinement. That, of
course, bears out the very argument urged by many
chemists against the inclusion of the fixed carbon test in
specifications, namely, that this test cannot be included
in such a way that it will be both fair to the contractors
tendering and also enforcible in a practicable way.

———

EDITORIAL COMMENT.

The transformation wrought in the geography of the
world by the construction of the Panama Canal, and the
consequent changes to be expected in the world’s com-
merce, involve preparations in the form of new harbors,
new docks, and additional railways, remarkable alike in
extent and in rapidity of construction. Contemplated as
a whole, and when the element of time is taken into ac-
count, these undertakings constitute an engineering pro-
ject of variety and magnitude unprecedented in the history
- of transport development.

* X * *

The Dominion Government has under consideration
some new regulations to. govern the development of the
oil resources of Western Canada. It is reported that
Mr. Cunningham Craig, of Birmingham, and Prof. Chad-
wick, of London, Eng., have investigated conditions as
they exist, and that a draft of new regulations has been
prepared and at present their applicability is being con-
sidered by the Department of the Interior. It is also
stated that western men have forwarded a suggestion
that the old regulations be revised so that for purposes of
development claims may be grouped instead of requiring
each claim to be singly developed.

Volume 25.

A discussion on the causes of the deterioration of
fire-bricks during use was recently presented by Mr. Geo.
Rigg, in which the conclusion is reached that, other
things being equal, the resistance to the action of cor-
rosive slags and gases is greater the more compact and
close-textured the brick is found to be. Spalling of close-
textured brick is due to the use of unsuitable clay, or poort
workmanship, or both. It is possible to prepare close
textured fire-brick containing considerable amounts of
coarse material, provided that sufficient care be taken in
sizing the grog, so that the interstices between the larger
fragments shall be filled as completely as possible by
smaller fragments.

——

LETTERS TO THE EDITOR.

Features of the Springfield (0.) Sewage Disposal Plant.

Sir,—Referring to the article ‘‘A Departure from
Common Practice in Sewage Disposal’’ in your issue O
October 23, 1913, we beg to call attention to the fact that
the so-called ‘‘vertical circulation” is neither new nof
original with Mr. Potter, as it is an essential feature ©
the process set forth in our Travis and Ault (Hampto?
Tank) patent, application for which was filed September
13, 1910, The ‘‘Adjustable weir”’ which he uses for the
regulation of this “yertical circulation’ is also embodiec
in another of our applications for patents and follows the
lines of explanations and information given by ouf en-
gineer to Mr. Potter while he was designing the Spring”
field plant.

We notified the mayor of Springfield on October 25
1913, and Mr. Potter on October 27, 1913, that the tanks
at Springfield were an infringement on the Cameron septi®
process patent and of the Travis and Ault (Hampto?
Tank) patent, both of which are controlled by this co™”
pany, and that we should take all necessary steps t0 pro-
tect our rights. ; ,

We call attention to these points that engineers af‘d
municipalities may know the facts and avoid any umif®
tentional infringement of our patent rights.

STERILIZATION COMPANY:

Newark, N.J., Nov. 8th, 1913.
O SR S

[Upon receipt of the above the attention of Mr. Pot
ter, who submitted the article referred to, was called t0
it, and his reply is as follows :—Ed.]

Sir,—Answering the letter of November 8th from th?
Sterilization Company, of Newark, N.J., I regret that .
am compelled to say that there are statements in "
letter and in letters to which they refer which are 2
variance with the facts.

The writer first saw a representative of this comPa':ly
a month after the designs for Springfield were complete®s
These designs were completed before the middle o-
February, 1912. The plans were then taken to SP”".%
field by the writer in person for submission to the ot
authorities. The completion of the drafting of the ﬁmsh(;le
plans took two weeks longer and were forwar ed to t
writer (then in the southwest) on March 1, 1912:  “....g
plans were finally approved by the municipal authorit! i
at Springfield on March 15th, and the work ordere
vertised for April 4th. te

On March 1st the writer received a letter under dait—
of February 23rd from the Sterilization Company, 2% 1
ting that they were informed by his office that the Pl

—
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were based upon other designs than theirs, and request-
ing consideration of their method.

The writer returned to New York on March 19th,
after an absence of a month, and the following day a
representative of the Sterilization Company called. For
the first time the writer conferred with this company in
reference to their system and its application at Spring-
field. They were advised that the Springfield designs
would not be altered, but in response to their request
were informed that if they desired to submit an alternate
bid based upon their own plans at the public letting on
April 4th, such bid would be given consideration if accom-
panied by guarantees of efficiency.

On the 26th of March a sketch plan was submitted
by the Sterilizaticn Company, showing what they pro-
posed to offer, and on the 29th of March a letter was re-
ceived from them giving a bill of material required for
their plan. They found that it was impossible for them
to submit a proposition on the sewage disposal plant as

" a whole, but requested the submission of their tank plans

to general contractors.

Discussing the merits of the contention of the Sterili-
zation Company that the Springfield tank is an infringe-
ment upon their patents, the writer desires to point out
that there is a distinct difference between the Hampton
tank and the Springfield tanks. In the former, from ten
to twenty per cent. of the entire sewage flow travels hori-
zontally through the digestion chamber towards the out-
let setting up a substantial disturbance throughout the
digestion chamber where quiescence is more desirable.
The debouchment of over ten per cent. of the flow from
the digestion chamber very seriously interferes with the
ultimate reduction of the sludge. In the Springfield tanks
openings are placed along the pipe provided to draw off
the relatively small quantity of liquid (less than two per
cent.) from the digestion chamber needed to set up a
downward circulation in the settling tank.

Furthermore, the discharge of from ten per cent. to
twenty per cent. of the liquid from the digestion chamber
in the Hampton tank will require separate treatment of
the two effluents, otherwise the efficiency of subsequent
treatment, if both flows re-unite, is impaired. In the
Springfield tank, on the other hand, the small flow from
the digestion chamber cannot seriously affect the effluent
from the settling tank. In the Springfield tank there 1S
absolutely no horizontal flow towards the outlet end of
the tank.

From a structural standpoint, the Springfield tank
as built is more effective than other types, in that while
the time of retention in the settling tank is the same as
in other tanks, the velocity of flow in the tanks is from
half to two-thirds less, a condition tending to produce
a greater deposition of solids.

It is to be hoped that this discussion will eventually
lead to some definite conclusion as to this much-mooted
question of sewage disposal patent infringement. It
should be noted that this company alleges infringement
of the Cameron septic tank patents controlled by them.
According to the Winchester, Ky., case, the admission
of the use of a two-story tank is considered by the
Sterilization Company as prima facie evidence of an in-
fringement of patents now controlled by them. The pay-
ment to Dr. Imhoff of his license fee where his tank 1s
used, does not give immunity from suit by the Steriliza-
tion Company as owners of the Cameron process.

In view of the charge of the Sterilization Company
that the Springfield tanks are an infringement of the
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Cameron patent, the following editorial comment from the
“Engineering News,” Feb. 6th, 1913, is of interest:—

“In its decision of Jan. 20, 1913, the U.S. Supreme
Court declared in unmistakable terms that the United
States patent on the Cameron septic tank expired on Nov.
8, 1909, ‘with the British patent for the same invention.’
To sustain any claim to the contrary, it would therefore
seem to be necessary to get the Supreme Court to reverse
its decision, either on a re-hearing of this case or by
carrying some other case to the U.S. Supreme Court.”’

Yours truly,

ALEXANDER POTTER.
New York, Nov. 18th, 1913.

— -

THE EFFECT OF DRILLED HOLES ON STRENGTH
OF STRUCTURAL STEEL.*

A series of experiments to determine the effect on
the elastic limit and tensile strength of structural steel
of drilling and punching holes is described by C. Birault,
chief of the department of testing materials of I’Ecole
Centrale, Paris. In the first series of experiments, three
bars were cut from one piece of steel. One was ruptured
in its original condition; the second after perforation with
two holes by drilling, and the third, after perforation with
two holes by punching. The holes in each case were 15
mm. diameter, spaced three diameters centre to centre.
The plain bar elongated much further than the other two,
wpile the bar with drilled holes elongated more than that
with punched holes. The fracture of the punched bar did
not take place along the diameter of the holes, due
probably to fissures caused by the action of the punch.
The drilled holes broke at their central diameters.

The following is an average of the results of three
sets of tests:— '

Plain bar, elastic limit, 24.5 kg.; tensile strength,
40.06 kg.; drilled bar, elastic limit, 30.03 kg.; tensile
strer.ngth, 45.4 gk.; punched bar, elastic limit, 33.3 kg.;
tensile strength, 37.3 kg.

In each case, the elastic limit was higher in the per-
forated bars than in the plain bars, with the increase in
favor of the punched holes over drilled holes, while the
reverse is true as regards tensile strength. The bars with
d.rll.led holes have 12.3 per cent. greater average elastic
hm}t and 9.2 per cent. greater average strength than
plain bars of the same steel. In the case of punched bars,
the elastic limit increased 13.5 per cent. and the tensile
strength 8 per- cent. compared with plain bars of the
same steel. :

: In .the second series of tests, bars were perforated
with driled holes of various diameters to determine the
effect on the physical properties of the steel compared
w.nth plain bars of the same steel. Holes 11, 8 and 6 mm.
dxamete.:r, were drilled and tested as a comparison against
the plain steel. The following elastic limits were shown:

Plain bar, 28.9 kg.; 11 mm. holes, 32.3 kg.; 8 mm.
holes, 32.0 kg.; 6 mm. holes, 33.7 kg.

The tensile strength of the various bars tested was
as follows: Plain bar, 45.2 kg.; 11 mm. holes, 50.4 kg. ;
8 mm. holes, 48.7 kg. ; 6 mm. holes, 53.0 kg.

As to why there are such increases in the physical
properties of bars with drilled holes over plain bars, the

*Abstracted from Le Genie Civil, July 19, 1913.
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author states that in bringing into contact the fractured
ends of the plain bars, it is found that there is a hollow
space near the centre where the metal has evidently drawn
away first, the break then proceeding gradually to the
two sides. If, however, the metal is perforated with holes
that are smooth, as in drilled holes, and not having fis-
sures as in punched ones, this tendency of the metal to
separate is removed, and the mean resistance to rupture
is more uniform.

THE CANADIAN ENGINEER

Volume 25.

The author claims to have established the fact that
the resistance to rupture of solid bars and perforated bars
of the same metal is not proportional to the sections of
the bars, proper allowance being made for the perfora-
tions. Section for section the advantage is in favor of
the perforated bars, if the holes have been drilled and not
punched. The holes weaken the steel much less than
would be expected, provided care is taken to drill the
holes, or to ream them after they have been punched.

—_—-_—

THE TIMISKAMING DAM OF THE OTTAWA RIVER STORAGE SYSTEM.

—_—

By J. A. MacDonald, Ottawa, Ont.

—

issue of The Canadian Engineer

N the Aug. 7th, 1913,
River Storage System”’

I an article entitled ‘‘The Ottawa

outlined the objects of the extensive conservation
works which are being built by the Department of

Public Works, Canada, in the Upper Ottawa Basin. The

reader’s attention is directed to that article for general

information respecting this development, and for the

illustrations, several of which refer to the following de-

yearly mean flow is 25,000 cubic feet per second from an
area of 30,300 square mile feet. The Timiskaming basin,
including everything from the source of the Quinze down
to Mattawa, has an area of 20,000 square miles.

The Timiskaming storage dam, which is situated at
the foot of Timiskaming Lake, was designed for the pur-
pose of emptying the lake to its lowest level before floods
and then filling it to the highest attainable stage for
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scription of the design and construction of one of the units
of the system, Viz., the dam at the outlet of Timiskaming
Lake.

At Mattawa, 300 miles above Montreal, which is the
discharge point of the Timiskaming basin, including part
of Timagami and Kipawa Lake basins (see Fig. 1), the

winter consumption. The lake itself stretches from Tim’*
kaming Station to New Liskeard, Ont., and Murra)!
Que., a distance of 60 miles. It is navigable by steaTn
boat and, in fact, until the Timiskaming and Norther
Ontario Railway was built, afforded the only transpti)o-
up to Ville-Marie and to the clay belt of Northern Ontaf

>
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The immediate drainage is very limited as the shores
are high and steep, but this lake receives all the drainage
of the Kipawa, Quinze, Expanse, Blanche, and Montreal
systems, a total area of 18,000 square miles down to
Timiskaming Station. The lake is narrow, practically a

_river for 12 miles up to Opimaka Narrows, then about a

mile in width for 30 miles further up to Silver Centre,
where it becomes wider until a maximum width is attained
at the head of the lake between Haileybury and Murray.

Outlet of Timiskaming.—While there are many inlets
to this lake, the only outlet is at its south end, where,
through the Long Sault Rapids, the waters fall 59 feet in
six miles into Seven League Lake, and thence by three
other rapids, descends 3o feet more to Mattawa. The
discharge averages 110,000 c.f.s. during May, but it
shrinks to about 10,000 at low stages during winter time.
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18-in. and 15 by 15-in. stop-logs. These sluiceways are
illustrated in Figs. 2, 3 and 4. The still platform is at
elevation 570 or 19 feet below standard level of reservoir.
It would have been preferable to have had the sill 5 feet
lower, but the excavation necessary to cut down the ap-
proach channel would have doubled the cost.

Between the island and Ontario shore, the width was
about 400 feet, so the design was made for 16 sluiceways
each 20 feet wide with a pier 5 feet wide between. These
are illustrated in Fig. 3, of the article to which reference
has already been made. The piers have recesses to hold
a movable curtain wall formed by horizontal timbers, 18
inches square, that can be hoisted out one by one. This
is a removable dam and during spring floods all the tim-
bers will be lifted out, leaving a larger exit than under
natural conditions, because the Ontario channel has been
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Fig. 2.—Arrangement of Regulation Work in the Quebec Channel.

The holding of Lake Timiskam.ing at a maintained
surface level ofg588, which was considered to be the best

level to prevent damage by flooding, gives a storage depth

of 20 feet. The sluiceways will thus drain down the lake

to that amount between and augment the low water flow,
for at least 150 days, by about 4,000 o]

Design of Sluiceways.—For the Quebec channel the
design for a boulder foundation cor1'51sted of a monolithic
slab of concrete 3 feet thick, extending from.zz to 26 feet
up-stream to 12 feet down-stream, to be built across the
Fiver with a cut-off wall of varying depth along the up-
Stream and down-stream edges. The upper cu‘t-of’f has
been built 1o feet and that down-stream 5 feet in depth.
11 piers 20 feet apart and
1, by 25% feet with 5 foot
d to be closed by 18 by

Upon this platform rest
two U-shaped abutments 48
Walls, The sluiceways are arrange

deepened. To draw off the lower layer of storage during
March, however, deeper sluice openings are required, and
so advantage of the depth in the Quebec Channel was
taken to place those sills at elevation 565, or 5 feet lower.

The minimum discharge through the Timiskaming
sluices should be about 20,000 c.f.s. and lake surface
must be at 573.95 elevation to discharge the total amount.

As designed, the lake surface can only be drawn down
to elevation 573.95, instead of elevation 573.05, so a layer
o.9 feet thick is rendered unavoidable. However, lower-
ing the Ontario Channel would double the cost, and such
an outlay was not warranted.

The Foundation.—The foundation of the sluices is
shown in the accompanying Fig. 3. It consists of a con-
crete platform 3 feet thick, strong enough to support a
pier. To prevent a scour, a cut-off was made 10 feet deep
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across the upper face, and another 10 feet deep along the
lower side. In addition a concrete apron, 25 ft. wide
protects the bottom from scouring under the driving
water at entry, and a 50-foot apron below prevents wear-
ing away of material by the rapidly flowing water.

For the cofferdam, soundings were taken to deter-
mine the shape of the river bottom upon which the cribs
were to rest and the bottom of each crib was built to fit
its particular place. This was a difficult matter, as over
the whole area there were nests of large glacial boulders
8 and 10 feet in diameter, and closely packed in a layer
of gravel averaging 3 feet in depth above river sand.
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The foundation generally was a mass of boulders, as
stated, embedded in compact sand, but 257% of the area
toward the island side was sand with only occasional
boulders. This was saturated with water which. seeped
through over practically its entire surface and the sand
readily drifted off in the current when disturbed. To cover
this with a concrete slab was difficult as scouring con-
stantly took place along the edges. It was found after
trial that it was impracticable to drive sheet piling owing
to the stones that were encountered.

Owing to the slow rate of excavation it proved best
to first lay the foundation slab in unconnected pieces and
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Fig. 3.—General Plan of Concrete Sluiceways.

For general information it may be observed that each
crib is a crate formed of 10- to 12-inch timber built in
courses ‘‘log cabin’’ fashion. In this case the cribs or
boxes were 20 to 35 feet in the direction of the current
and 18 to 30 feet long, the depth averaging 20.5 feet.
Each crib had cross ties between the up- and down-
stream faces, at 6-foot intervals in each course and longi-
tudinal to provide rigidity, leaving a series of pockets
into which the stone filling was loaded.

To set the individual cribs in place, in a rushing cur-
rent 20 feet deep, was a difficult matter, and for this pur-
pose an anchor crib was built and sunk above the line of
cofferdam. Each crib was built on shore to a height of
about 12 feet, then launched, attached to the anchor crib
with a 11{-inch wire cable, and gradually lowered down-
stream to the line of cofferdam. By side lines of wire
cable leading to the island and the Quebec shore, the crib
was brought to its place. As the channel was narrowed
by placing cribs in this fashion, the velocity of the cur-
rent increased. This condition was provided for by a
heavy wire rope tackle attached to the end of the 17/{-inch
cable and passed around the drum of the alligator’s wind-
ing engine. The power thus secured was ample, the alli-
gator being well anchored, and cribs could be set within
an inch of their proper line.

Gll in afterwards as occasion allowed. In like manner
several of the piers were built before the east end of t}_‘e
platform had been laid, but no difficulty was found 10
making good junctions.

Fig. 4.—Ontario Sluiceways, Timiskaming Dam,
ing Swiftly Flowing Approach Current.

At first the whole structure, abutments and piers
were built only to elevation 583, or 10 ft. below fin 3
height. This was high enough to withstand flood wate
and in case of an early rise it was thought best to brmge
everything to a safe height. Time, however, allowe

finishing of the whole structure to full height by the e“s
of April. Since then the bridge across the sluices ha

g
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been completed and the work is now being put into a
neat and finished condition.

Work on this dam began in the spring of 1909, and
was continued by the Canadian Government until its
completion this year. The construction of the dam was
under the direction of Mr. C. R. Coutlee, engineer-in-
charge, and he directly under Mr. A. St. Laurent, Assist-
ant Deputy Minister of Public Works. The above infor-
mation is largely from a recently issued report to the
Minister of Public Works.

—_——_——

PRODUCTION OF MALLEABLE CASTINGS.

R. RICHARD MOLDENKE has extracted from an

address given before the Connecticut Valley

Section of the American Chemical Society, Hart-

ford, Conn., the following section, and has pub-

lished it as an article on the production of malleable cast-

ings, considering particularly the special uses of the

several melting methods, systems of work, composition
of the product, and annealing.

“Malleable making processes are the crucible, cupola,
Bessemer converter, air-furnace, open-hearth, and electric.
The crucible process makes the finest malleable as it does
the finest steel, with the exception of the electric furnace.
You find the crucible made casting only in Europe where
the malleable is more expensive than the steel casting.

““The cupola is for such castings as pipe-fittings,
agricultural work, and those things that require only a
little better strength than the gray casing of the same
kind, but more malleability. Cupola malleable is a little
cheaper than'the air-furnace or open-hearth product. In
all malleable melting processes, inasmuch as the iron is
low in silicon and consequently sets quickly, it loses its
life easily; and especially if it has been oxidized at all it
must be gotten into the mold fast. Consequently a gray
iron molder must be shown how to pour malleable; a little
twist of the wrist throws the iron into the mold; other-
Wwise it may be short poured. In cupola melting there is
always a very low coke ratio; melting is done on a high
bed ; perhaps higher than it ought to be, but it is neces-
sary to get the iron very hot and as free from oxidization
as possible.

““The Bessemer process is used only in Europe. They
blow their heats to where the silicon is down to the right
point, stop the heat, dioxidize and pour. With the long
anneal, in which the metal is decarbonized, they should
Mmake serviceable castings.

_ ‘“The air-furnace is principally used for ““malleable’’
In this country. Malleable air-furnaces are constructed
differently than are air-furnaces for gray iron work.
or gray iron they have large cross-sections and are
Comparatively short. For malleable very long furnaces
are ysed, a long flame being desired. The heat to melt,
Whether in air-furnace or open-hearth, does not come
rom the direct action of the flame so much as it does from
the radiation of the interior brickwork. The idea in the
Air-furnace and in the open-hearth furnace is to get the
Fickwork lining so hot that the radiation downward upon
the charge does the actual melting, and does it fast. I
ave seen a pound of coal used for melting every po.und
of iron, whereas it ought to be about four pounds of iron
to the pound of coal when you run three heats in one day
and average them all up. The first heat with the colder
Urnace s a little harder on the coal supply than the
Others,
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“Not unusually you will find that you can look
through the brickwork into the interior, there being plenty
of spaces where cold air is drawn in. The radiation of
the lining does the business and every square inch of the
interior of the furnace should do its work.

I have seen men throw coal all over the bed of fire
and then take the slicebar and poke it up, whereas the
right way to do is to pile the coal at the door, shut the
door, allow this coal to coke slightly, and then carefully
push it over the entire area. Then repeat the operation,
and repeat periodically instead of having the fireman using
his shovel and bar all the time.

“If we get more than 25 per cent. excess free air in
the malleable furnace we begin to get trouble. If that 25
per cent. in excess can be allowed uniformly, we get that
magnificent incandescence which does the melting
properly. :

“Starting with, say, 0.95 silicon in the mixture if
the heat is made sharp and short this silicon content will
be lowered to the 0.65 required for the ordinary run of
castings nicely, and it will drop from 0.65 to o0.60 from
the beginning to the end of tapping, whereas with a long,
slow melting the iron may be 0.65 at the beginning of
tapping and down to o.55 at the end of the heat or a loss’
of twice the silicon. When this occurs the iron has begun
to oxidize. Another thing: Take a bath of iron in the air-
furnace which is deep near the bridge, and feathers out to
nothing at the stack. If there is any one thing dangerous
in the air-furnace it is that thin, feather edge at the end;
because there all the gases are swept over it, and the
heat is transmitted into a very thin body of metal. Con-
sequently, the temperature rises very fast at that spot;
and the iron is liable to burn.

““The open-hearth furnace is the best melting process
except the obsolete crucible and the electric. The open-
hearth furnace melting process is applicable only where
there is enough work to keep the furnace running steady.
Melting ratios are: cupola, 1 to 8; air-furnace, 1 to 4;
open-hearth furnace, 1 to 6. Air in the open-hearth fur-
nace has about 1,000 degrees F. heat. A good heat of 10
tons in the air-furnace may take four hours, but we can
run the same heat in two and a half hours in the open-
hearth (from end of charging to beginning of tapping).

“In making malleable you have a great big bath of
molten iron, hot on top, and cooler on the bottom. " Test
plugs show crystalline and white fractures; the composi-
tion is right. You draw the colder iron from the bottom
first. Top of charge comes down maybe an hour later.
In the meantime the oxidizing reaction goes on; the slag
has been taken off; there is a direct contact with the
gages, the metal is damaged. It should really be taken
from the top first. The ideal method of getting iron out
of an air-furnace is to take it from the top. The tilting
furnace gives this result. I patented a three-spout ar-
rangement for my furnaces, thus taking off six or seven
tons from the top; then the next six or seven tons below ;
then break the breast out and get the rest of it from the
bottom. In my open-hearth practice I never skim, but
let the slag cover the iron.

“The composition of a malleablé casting, so fz'lr as
the silicon is concerned, depends on its thickness entirely.
In ordinary work the silicon should be about 0.65. For
very heavy work I used to turn my silicon dow.n. to 0.45.
In the old days of charcoal iron my regular silicon was
0.35 (charcoal iron could be used as low in sili.con. as
o0.10). With coke irons it is not wise to have pig iron
with less than o.75 silicon in stock. In making cold-blast
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charcoal iron you have a very small furnace to begin with; .

charcoal which eagerly absorbs oxygen as a fuel and hence
the iron sponge formed melts with the least chance of
oxidation. With the hot and more powerful blast, there
is a little further penetration of free oxygen; with the
consequent greater oxidation of the iron sponge as it
melts, and hence a weaker iron. With coke fuel there is
a very serious entrance of free oxygen. Coke does not
unite with the oxygen in burning as fast as in the case
with the charcoal. The difference between charcoal and
coke irons lies only in this oxidation question.

“In annealing, the idea is to get the castings up to
the annealing heat quick, hold them at annealing heat for
a given time—60 hours is best—then to let them cool
gradually. Pack the castings in oxide of iron. We use
puddle scale, a silicate and oxide of iron, the flakes from
the pots. They are almost pure iron oxide. In some
railroad work, as tie-plates, these can be put loose in the
oven, practically make a retort of it and use no packing
whatever. The castings look rough but are good enough
for the purpose.

““As to temperature of the anneal—the old-fashioned
way of looking at the cracks in the brickwork to see the
white line is very good if the eye of a man does not
change. I prefer the LeChatelier pyrometer. Tempera-
ture at the coldest point of the coldest pot should be 1,350
degrees F.; it may go as low as 1,250 or it may be as
high as 1,400. For cupola iron, the temperature must be
about 200 degrees higher, because the iron was melted in
contact with the fuel, and has a higher sulphur content,
which obstructs the annealing changes at lower tem-
peratures.”’

— e

NEW POWER STATION AT KAMLOOPS.

The opening of the Kamloops, B.C., power station took
place on October 28th. This station will be a component
part of the extensive hvdro-electric system, the total cost of
which will amount to about half a million dollars, and which
will give Kamloops all the additional power needed for many
years. Work is now well under way at the Barriere River,
40 miles north of the city, where if necessary some 10,000
h.p. is capable of development. Some 2,000 h.p. is now being
arranged for. This, along with present power, will run all
the municipal industries and many more which may be estab-
lished here in the future. The new power station is a rein-
forced concrete building, 8o by go feet in size.

— e

The largest railway station in Europe, estimated to cost
$35,000,000, is NOW under construction at Leipzig.

The Chino-French Bank has signed a contract for a loan
to the Chinese Government of $30.000,000. Of this sum
$12,000,000 is intended for the construction of the port of
Pu-Kow, in the Province of Kiang-Su, and $12,000,000 for
the building of a bridge between Hankow and Wu-Chang,
over the Yank Tse River. The remainder, $6,000,000, goes
to the Chinese Minister of Finance.

The new Gladstone Dock at Liverpool is 1,020 feet long,
120 feet wide, at the entrance, and carries a depth of water
over the sills of 46 feet at high water of ordinary spring
tides. This dock is the first instalment of a scheme involving
the expenditure of $16,000,000. The proposed work includes
also an entrance lock over 870 feet in length and 130 feet in
width, and in the inside dock area there is to be a half-tide
dock of 14% acres, two branch docks, each 400 feet wide,
with a pier between them over 1,300 feet in length.

AUTOMATIC RAILWAYS.

By Reginald Trautschold, M.E

Consulting Engineer. New York City.

in these articles have all called for
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a supply of

THE material-handling apparatus so far considered

power from some outside source for performing

their operations of conveying or elevating,

and their respective true economic value

question of economy in consumption of power.

or both,

is largely a

In fact,

their economic value might almost be said to depend upon
their mechanical efficiency, the proportion of the total
amount of power supplied converted into useful work—

work actually performed; total energy supplied.

There

is one variety of equipment of the intermittent type for

conveying, however, that performs such op

out necessitating the supply of any power and would

appear to have an incalculable economic value.

eration with-

thus

This is

not quite true, for this peculiarly efficient system requires
the performing of considerable preliminary work, the net
mechanical efficiency of the material-handling system
necessitating the consideration of all work done, the pre
liminary work as well as the work that required no supply
of power. However, the ‘‘automatic railway,” the
tem referred to, is of particular interest and of very

economic value in many undertakings.

then

sys-
high

The automatic railway is based on the principle that

the momentum of a body descending an inclined

plane’

like a falling body, is dependent upon the velocity at

which it travels and the weight of the descen

and that if the energy required for bringing such a
ing body to rest should be applied to another lighter body,
or the same body after it has been lightened, it woul
cause the second body to rise until the energy consume
by such operation equalled that required to bring the ﬁl'S_t
heavier body to a state of rest. Theoretically, the hor™’
zontal distance over which such automatic operation coul

be performed would be unlimited but the ne
limiting the maximum speed of the descending

ding body
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operation gradually—that is, the resistance to the further
forward travel of the car should advisably commence at
a minimum and increase gradually to a maximum as the
travel of the car grows slower—otherwise the shock of
the car at its maximum speed with the cross-bar, which
transmits the shock to the operating weight through the
medium of the cable, would be too great for most satis-
factory operation. The second operation, that of giving
the emptied car sufficient shove to send it back to the
loading point, requires application of power in somewhat
different order. First, sufficient force should be applied
t~ start the car quickly on its return journey and to en-
ahle the car to pick up its maximum return speed as
rapidly as possible, after which sufficient force to over-
come the resistance to the return travel of the car is all
that is required, though it is advantageous to have force
acting against the car—in the direction of its return
travel—for as long as is feasible. The requirements for
both these operations are closely attained by a weight so
attached to a rigid support on one side and the operating
cable on the other that, when not in use, the weight lies
between and is balanced by the tension in the idle operat-
ing cable on one side and the rigid support on the other.
The cable, picked up by a descending car, raises the
weight which, on account of its pivoted attachment to the
rigid support, swings about the arc of a circle, causing
the pull on the weight to become gradually less effective
as far as lifting power is concerned and thus gradually
increasing the effective pull of the weight on the cable
while, at the same time, the momentum of the descend-
ing car is greatly reduced by the discharge of the car
load. On the descent of the weight to its position of rest,
the pull of the weight on the cable is at a maximum at
once and maintains powerful until the car picks up its
speed, the speed of both car and cable increasing during
this time from zero to that of top speed of returning car.
Further descent of the weight tends to cause its fall to
grow more rapid and the pull-in of the cable to become
more rapid still, the effective pull of the weight on the
cable meanwhile becoming less. - The empty car having
attained its maximum speed, then retards the acceleration
of the pull-in of the cable thereby reducing somewhat the
shock of impact of the weight on coming to rest—the
shock in the cable caused by the completion of the fall of
the weight. Any stretch in the operating cable is like-
wise neutralized, the only rigid connection of the cable
being at the far end of the track so that a lengthened
cable simply means a little further fall of the weight.

The car generally used on an automatic railway is of
the double side dump type, of either one or two-ton ca-
pacity, and the automatic tripping device for actuating
the release of the car sides is located at the side of the
track between the point where the car picks up the ‘‘cross-
bar” and the end of its travel. The *‘pick-up irons’’ for
engaging and carrying forward the ‘‘cross-bar’ are at-
tached to the front of the car and the ¢cross-bar’’ is
rigidly attached to the operating cable so that the for-
ward travel of the “‘cross-bar’’ raises the operating weight
until the momentum of the moving car is overcome. The
“cross-bar’’ also gives the empty car the necessary shove
for its return trip. The standard type of automatic 1:ai1-
way car is built with a gable bottom, with sufficient pitch
for rapid drop of load, sO proportioned as to throw the
load clear of the rails—the standard track gauge being
21 in., o to o.,—and with the car wheels clear of the body
proper. This arrangement permits the construction of a
low car, presenting comparatively small surface to air
resistance, with a wheel base that is not unduly long—1n

THE CANADIAN ENGINEER 815

fact, the standard automatic railway car has a wheel base
sufficiently short to enable it to take a curve of 3o ft.
radius. Such curved sections of track must be confined
to sections near the loading end of the railway, however,
discharge of load requiring straight track, the operating
cable having to be straight and free beyond the cross-bar.

The capacity of an automatic railway, though neces-
sarily rather low when compared to that of a system for
continuance conveyance or of one that permits the use of
the car on its return trip, compares quite favorably with
car-hauls and similar systems that also usually carry their
load but one way—the mean speed of car travel being
high and little time wasted in loading if the car is filled
directly from an overhead hopper of adequate capacity.
The car is usually comparatively small so that an expert
operator is required to obtain a carrying capacity of 50
tons per hour on a railway 300 ft. long with a 1-ton car
or of go tons per hour with a 2-ton car. Under the same
conditions of service, doubling the length of the railway
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w.ould not cut the carrying capacity in two nor would the
difference in capacity between similar railways with 1-
and 2-ton cars be so marked, about 38 tons per hour be-
ing obtainable with the smaller car and 65 tons per hour
on the long railway with a 2-ton car. Such capacities
require the handling of material weighing from 50 to 60
pounds per cubic foot and efficient loading of the car from
an overhead hopper of adequate capacity and free
discharge. :

To arrive at the net cost of operation of an automatic
railway requires consideration of each individual installa-
tion as so many conditions must be known that no law
can be advanced for even approximate calculations. For



816 THE CANADIAN ENGINEER

instance, in the case of four similar railways; two of 300
ft. and two of 600 ft. length, one 3oo-ft. railway equipped
with a 1-ton and the other with a 2-ton car, the 600-ft.
systems similarly equipped; all handling material of such
weight as to carry their rated capacity on each trip and
all so efficiently loaded as to be able to realize about the
highest hourly capacity of each installation, the cost of
labor chargeable to each ton carried would vary con-
siderably, for but one good operator would be necessary
in any case. The cost of operation per ton handled on the
longer of the two systems with 1-ton cars would be but
30 per cent. more, as far as labor or attendance is con-
cerned, than on the shorter railway, while similar com-
parison between the two 2-ton car systems would show a
labor burden of 36 per cent. more for the longer than for
the shorter system. A comparison of the two 300-ft. sys-
tems and the two 6oo-ft. would show an increased burden
for labor per ton for the shorter installations of about 8o
per cent. for the 1-ton car railway, and for the longer in-
stallations of about 7o per cent. more for the railway with
the small car. :

Installations of the same length and similar cost of
construction would vary somewhat as to first cost, de-
pending upon whether equipped with 1- or 2-ton cars and
similar installations, as far as construction cost and size
of car, but of different length, would also vary, it is true,
but this variation would scarcely effect the economic value
of the installation, as the burden imposed by interest on
investment, taxes and insurance would be the only items
to appreciably affect the net cost of operation. These
items would in themselves not vary to any great extent,
for initial cost of installation would not differ much be-
tween a I-ton car or a 2-ton car railway, nor would the
cost of similar installations of different length vary
directly with the length of the railway ; rather the cost
per foot of railway would vary more nearly inversely as
the hourly capacities of the systems. For instance, the
cost per foot of a 300-ft. railway would average about 30
per cent. more than the unit cost of a similar railway 600
ft. long. The customarily necessary allowance to make
for depreciation, renewals, etc., can almost be neglected
in the ordinary automatic railway installation, as there
are many instances on record where such systems have
been in almost continuous daily operation for over 40
years with practically no depreciation evident, * the
originally installed car still being used, and no renewals
except a very occasional new cable or possibly a new
sheave or block.

The variable labor charge may also be greatly dis-
counted, for, in the average installation, some attendance
would very probably be required at the loading hopper if
the operator of the railway was not present. The cost of
elevating the material handled to the loading hopper or
to the automatic railway car itself—installations occasion-
ally being made where the car is loaded directly from the
apparatus performing the preliminary work of elevating
the material to be carried—is rarely more than would be
required for similar operation by any other system that
could be employed to handle the load to the point where
the automatic railway car drops its load to bin or storage,
not more than a few additional feet of elevating being re-
quired for the material to be discharged to a loading
hopper of even the largest size ordinarily employed.

In operations requiring the knowledge of the exact
weight of material handled, the automatic railway enables
such records to be kept easily and economically, without
the necessity of any delicate or complicated automatic
weighing devices, etc. A platform car scale with double
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beam is the only accessory necessary. The operator
simply records the weight of the empty car on one beam,
then loads the car and balances the weight of the loaded
car on the second beam, the reading on the second beam
then gives directly the net weight of the load, which may
be entered in a ‘‘tally book’’ while the car is traveling
from the loading hopper to the discharge point and back.
This semi-automatic weighing system accurately measures
the exact amount of material that is discharged from the
car, any material remaining in the car being accounted
for in the next empty car reading and subtracted from the
load dropped by the car on its next trip.

Possibly the greatest advantage of the automatic rail-
way, however, is the reliance that may be placed on its
continual operation. Once properly installed and adjust-
ed, no attention at all is required other than an occasional
inspection of cable, etc.—the car always automatically
returns to the loading point after discharge of load, so
is always ready for operation. High-grade ball or roller
bearings are used for all rotating parts so lubrication is
reduced to a minimum and the general high-grade of
equipment that the system required for satisfactory opera-
Lipnd minimizes the expense for incidental supplies of all

inds.

The disadvantages of the system are exceedingly few,
one being its somewhat limited capacity. This, however,
is no great detraction, for, requiring no supply of power
for its operation, it costs practically nothing to have the
system in operation for sufficient time to enable it to
carry all the material that a power-consuming conveying
system of greater hourly capacity could handle in con-
siderably less time but with a charge for power, increased
burden of depreciation, etc., and probably a heavier at-
tendence charge for the shorter operative hours than that
entailed in caring for the slower system. Another draw-
back to the automatic railway is its comparatively short
operating range. This is limited to 6oo ft. as the maxi-
mum, and it is doubtful whether railways shorter than 50
ft. in length would operate entirely satisfactorily owing
to the comparatively short distance that the descending
car would have in which to store up momentum sufficient
for the operation of the system. However, this limitation
does not affect many installations where the mechanical
handling of materials is advisable if not necessary.

Although the automatic railway is primarily designed
and adopted for the handling of material in bulk, which
can be automatically dumped from a gable-bottomed car,
modifications of this standard have been installed for
handling materials in bags, etc. ~For such service, @
special type of flat car is used equipped with a mechanism
by which the car is held stationary on completing its for-
ward travel, at the unloading point, the operating weight
of the system being held in an elevated position at the
same time. On unloading the flat car, the holding at
tachment is released and the operating weight of the sy~
tem drops and pushes the unloaded car back to the loading
point.

i [NoTE—This article is the seventh of a series 0P
The Mechanical Handling of Materials,” written for
The Canadian Engineer by Mr. Trautschold.—Ed.]
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Boston proposes to have a forty-foot channel in its harbof
because there is now in commission and in prospect ships
requiring that depth of water. Boston now has in its Sef"“fe
mammoth liners drawing from 32 to 33% feet. In July this
port handled twice as many ocean passengers as Philadelphid:
and four and one-half times as many as Baltimore.
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THE ROTARY TYPE AIR PUMP.

During the past few years, there has been an increasing
demand for rotary air pumps for use in connection with
surface condensers in steam turbine plants. Such a system
seems to have several advantages, chief among which is the
factor of space efficiency, as well as general simplicity and
absence of reciprocating parts.

The illustrations shown herewith relate to the Willans
rotary air pump system, a product of Willans and Robinson,
Limited, Rugby, England. This system is brought out under

Air Ejeclor

p— v B

Wugiion,
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any other form of ejector, either stationary or rotary. To
reduce to a minimum the power required in air compression,
the line of compression should approach the isothermal as
closely as possible and compression should be carried out
at the lowest possible temperature, namely, the temperature
of the cooling water. Generally speaking, other rotary air
pump systems call for special water tanks for holding the
water required for air extraction; moOTreover, this water heats
up rapidly owing to the small quantity of water in the closed
circuit, and provision Tequires to be made to change the
water frequently. Even so, the temperature of the water

Air £jeclor.
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Fig. l.—Shunf and Series Systems.

license for the Miiller-Josse Patent, controlling a system €x-
tensively used on the continent in condensing plant construc-
tion in sizes ranging as high as 10,000 K.W. Fig. 1 shows
a diagrammatic sketch of the two most common applications
of this system, viz., the shunt and the series system. In
either case, the air is extracted from the condenser by means
of the air-ejector, and the condensed steam is withdrawn by
a separate centrifugal pump drawing the water from the
bottom of the condenser. The piping for this operation for
both systems is well illustrated in Fig. 1. The two systems
differ in the manner of supplying the water to the air-ejector.
The shunt system is used where the head across the circu-
lating pump, as given by the local conditions and the pipe
and condenser friction, suffices for the purpose of extracting
dir, In such case, the main circulating pump is designed
to deliver a greater quantity of water than is required as

“cooling water in the condenser, the surplus water being used

as air-ejector water, and returned to the source of supply
or to the suction side of the circulating pump.

Where the series system is used, the whole body of the
Condenser cooling water is passed through the air-ejector
before entering the condenser. Thus, in the shunt system,
the power required for extracting the air is determined by
the surplus quantity of water at the given head, and in the
Series system by the given quantity of water at a surplus
head. In neither case is a greater quantity of cooling water
Consumed than where a reciprocating air pump or any other
Totary air pump is used. Only one simple centrifugal pump
is needed for supplying the condenser cooling water and the
air extraction water.

The power required in extracting the air is dependent
on the design of the ejector and the power actually consumed
D compressing the air. The ejector used is the outcome of
exhaustive experiments, and is said to be equal at least to

cannot be maintained at the temperature of the circulating
water supply, and consequently the power consumed in com-
pressing the air might be expected to be somewhat less in
the system under description. Exhaustive tests have shown
that in power consumption a very high efficiency has been
obtained by this system, higher, it is claimed. than for any

Fig. 2.—A 4,000-kw. Installation.

other air extraction
pumps. .

Fig. 2 shows a 4,000-K.W. surface condensing pump in
operation. It might be stated that a total of 150,000 K.W.
output measures the capacity of turbines for which con-
densing plants of this type have been built or are building.

system dispensing with reciprocating
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COAST TO COAST.

Winnipeg, Man.—The first 25-mile stretch of the Win-
nipeg-Winnipeg Beach highway has been formally opened.
The ceremony took the form of a luncheon, tendered by the
municipalities interested, to Premier Roblin, Sir Rodmond
and the Hon. Dr. Montague, minister of public works, and

others taking a prominent interest in the construction.

Regina, Sask.—A report has been submitted to the
street railway committee of the Regina city council covering
the operation of the municipal street railway of the city for
the eight months ending August 30th. This shows that
after providing for operating expenses and capital charges
there is a deficit of $31,872.34.

vernon, B.C.—A great asset for tourist and travelling
parties visiting the Okanagan Valley has been furnished by
the completion recently of one and one-half miles of ma-
cadam road to connect Kelowna and Vernon. This road,
which forms a contour highway, cut into the hillside above
Kalamalka Lake, has been opened to traffic by a public
ceremony conducted by those mainly by whose efforts it has
been constructed, e.g., Hon. Price Ellison, Mr. G. A. Hen-
derson, manager of the Bank of Montreal; Mr. Hamilton
Lang, superintendent of roads, and his assistant, Mr. G. M.
Watt.

vancouver, B.C.—Discussifig the progress of the work
along the Kettle Valley line, Mr. J. J. Warren, president of
the K.V.R., said of the 295 miles of track to be laid between
Midway and Hope that steel had been installed for more than
100 miles and almost 200 miles of grading had been completed.

In addition to the track laid through the Boundary, Koote-

nay, Kettle Valley and Okanagan districts, 25 miles of line
have been finished from Merritt to Coldwater Junction. Ma-
chine shops and roundhouses have been established at Pen-
ticton and good progress is being made all along the route.

London, Ont.—During the year 1913, London’s engineer-
ing department has expended $214,705.08 on local improve-
ments; and up to date this is a record amount. This year
is also on record as showing the inauguration of the muni-
cipal contract system, which has proven to be eminently sat-
isfactory. Of the total expenditure, 85,500, or approximately
2% per cent., cOVers the salaries for the engineering depart-
ment and office expenses for the eight months of outside
work. This is an entirely significant feature, since a § per
cent. basis is considered low for engineering supervision and
plans.

owen Sound, Ont.—The great loss of life and wreckage
of vessels on the Great Lakes has been attributed largely to
the fact that national elevators are erected at harbors of the
most difficult approach and of the least adequate protection.
It is therefore being agitated among leading citizens of Owen
Sound, that the Government be approached with a request
to construct at Owen Sound, where the harbor offers the
easiest and safest ingress of any on the Great Lakes, a na-
tional elevator or elevators; and already representations have
been made in connecticn with the matter to the proper de-
partments at Ottawa.

Victoria, B.C.—It is expected that the steel bridge which
has been in course of construction over the Little Qualicom
River will be completed in a few davs. This is on the Court-
enay extension of the line, and, when finished, the laying of
the steel will be proceeded with as far as Big Qualicom.
While this work is under way the bridge gang will be trans-
ferred to Cowichan Lake to erect a steel bridge for which the
foundations have been finished. This done the outfit will be
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removed again to Big Qualicom, which project will be carried
forward as rapidly as circumstances permit. It is believed
that the East Coast extension will be opened for passenger
traffic by July 1 of next year.

Regina, Sask.—1lhe development of the Saskatchewan
Co-Operative Elevator Company during its short lifetime was
reviewed at the recent annual meeting held at Regina. The
first year the company operated 46 elevators, with 2,500 sub-
scribers, and handled three and a quarter million bushels ot
grain. During the second season’s business, which ended
July 31, 1913, the company operated 137 elevators, with 8,062
shareholders supporting them, and thirteen million bushels
of grain were handled. This year the company has 193 ele-
vators, the total number of shareholders being 13,000; and
up to September 2oth, the company has handled considerably
over 1,000,000 bushels of this year’s crop.

Hull, Que.—The committees from Hull and Ottawa, ap-
pointed to arrive at the basis of an agTeement between the
two cities for the right-of-way of the Gatineau Lakes pipe
line through Hull, have found only one difficulty in the way
of a satisfactory agreement, e.g., the price which Hull shall
pay for the privilege of taking water from the Gatineal
system. In the proposed agreement Hull asks for a rate of
one-quarter of a cent per 1,000 gallons, which is the rate
that that city is paying at present. In return for this rate
Hull will grant the right-of-way free of charge, and also ap
exemption of taxation until such time as the city of Hull
decides to take its water from the new system.

Montreal, Que.—The City Council inspected recently the
work on the filtration plant which is proceeding under the di-
rection of Mr. Norman M. McLeod. The controllers found
that a great deal of progress has been made. To obviate
the damage by frost, which wrought such havoc with the
plant last winter, the filtration plant is being put under
four or five feet of water for the winter. The contractol
has been helped forward on the work by the particularly
favorable nature of the weather this autumn. The council
was particularly satisfied with the enlargement of the aqueé”
duct and the laying out of the twin boulevards on either
side of the waterworks canal, the work on which is being
done by the Cook Construction Company.

Montreal, Que.—Improvements upon the city’s original
sewage farm have been completed at a cost of about $120,°
000. These improvements were necessary before the farm
could be used for the purification of the matter flowing
from the sewers to the river. The new farm, purchased a
vear ago, is to be improved next year at a Cost in excess 9
that of the work on the first farm. It is estimated that the
total cost of the enire sewage farm when completed will be
between $305,000 and $400,000. The work carried out during
the past year on the old farm has been the adding of ston®
to the property so as to produce an effective filter for the
sewage, the land having proven itself not sufficiently porous:
The same method of treatment is to be given the new far™®
and the final result will be that, in the course of twelve
months, all the city sewage will pass through this farm 3n,d
be purified before emptying into the river. Thus, contam?”
nation of the water supply will be obviated.

Toronto, Ont.—At the last meeting of York County
Council, Mr. E. A, James presented an interim report °
behalf of the Highways Commission of York county; a%
complete report is to be forwarded to the council before tb_e
end of the year. Mr. James’ report shows a total expendl‘
ture on construction of Toads and bridges during the year
of about $60,000; and on maintenance, of $14,000. owingé
to the request of the Government that no extensive work P
undertaken pending the report of the Provincial Highw:‘ws
Commission, - construction work was restricted to completmg
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gaps between sections already built. Some of the most im-
portant work was one mile of macadam construction on
Yonge Street at Thornhill; 1,500 feet of brick pavement on
Weston Road west of Black Creek; and three-quarters of a
mile of macadam roadway in Vaughan township. Other road
construction was 8,470 feet on Kingston Road, 8,500 feet on
Vaughan Road, and 6,700 feet on Markham Road. On
bridges and culverts the total expenditure, including con-
struction and maintenance, for the year was $16,342.

vancouver, B.C.—The final consignment of steel pipe
contracted for by the city at the beginning of the year has ar-
rived from the Mannesmann Tube Company of Great Britain;
and the city has now on hand between 8o and go miles of
water pipe. Only about 5% miles of mains have been laid
from this year’s pipe; and it is estimated that the city will
have a supply on hand to last for several years. When con-
tracts were let to the National Tube Company of Pittsburg
for 320,000 feet and to the Mannesmann Tube Company for
110,000 feet, it was intended that the pipe should arrive at
‘periods, considerably apart; and it was thought to thus ob-
viate the difficulty met with in the past owing to non-arrival
of the pipe in time. As the case now stands, and owing to
the serious drop in the demand for mains, it is asserted that
the pipe will rust long before the city can use it. Last year,
the city engineer’s report showed that 47.8 miles of pipe of
all sizes had been laid; but this year only about 17 miles of
water mains have been laid. This is due largely to the fall-
ing off in building operations this year in Vancouver.

Victoria, B.C.—According to Mr. D’Arcy Tate, vice-pre-
sident and general manager of the P.G.E. railway, tl}e com-
pany will complete its contracts within scheduled time in spite
of unforeseen engineering difficulties encountered on the
northern section of the line. The section between Point At-
kinson and Newport promises to be one of the most costly
pieces of construction on the entire linfz, and will invoh{e an
outlay of about $100,000 2 mile. This will mean practically
the laying of the road on a bed of solid rock. In the Upper
Fraser country there will be big rock fills ; but the nature of
the sub-structure is such that this part of the line will. be
built for less than one-half the cost of the Newport section.
A short section of the line between Newport and Cheakamus,
about  seventeen miles in length, will be completed this
week, and it is probable that Sir Richard McBride will
open this small length and at the same time take the
opportunity of making a personal inspection of the progress
made in co-nstruction. The North Shore section will be ready
for traffic by January 1 of next year, and the next section by
the end of -the following July, in accordance with the terms

of the contract.

Niagara Falls, Ont.—Mr. Frederick Walker of New York,
has devised a plan to build a suspended raceway at a cost of
about $2,500,000, to tap one-half of the waterfall from tne
Canadian Falls and one-half from the American Falls at Nia-
gara, and to carry the water through the Niagara River to a
Doint where a gréat power plant will be erected for the crea-
tion and distribution of electricity. The power plant, whic.h
is not included in the estimate of cost, would furnish unlimi-
ted power to factories in Eastern Canada, just as the Nia-
gara Falls Power Company’s plant furnishes power to fac-
tories in Western New York and Pennsylvania. The plans
Provide for the raceway to be suspended with one end upon
the rocky ledges of the Niagara River and the other plat}ted
on the river Bank, and to be arranged so that if the river
Tises or falls, the raceway will rise or fall automatically.
The raceway will follow the Canadian shore for several hun-
dred rods before reaching the place where the power will be

THE CANADIAN ENGINEER 819

harnessed; and its carrying capacity will be about 1,200
pounds to the foot. It will be constructed of steel and con-
crete. Already surveys for the work are being made, under
Mr. Walker’s supervision; and options on land on the Cana-
dian side are being received by other men interested.
Montreal, Que.—Col. Greenwood, assistant chief en-

gineer of construction on the C.N.R. east of Port Arthur, has
inspected the bridges under construction for the company at

Back River, and reports that Mr. J. P. Mullarky, the con-
tractor, is rushing the laying of track on the section from
the western portal of the tunnel to the crossing of the Back
River so that the steel superstructure may be brought for the
series of bridges across the Riviere des Prairies and Mille
Isle. There are two channels at the Back River, each being
crossed by 4-pier bridges. The middle pier of the first
channel bridge alone remains to be finished; and for this
the coffer dam is now being sunk. On the second channel
bridge all the substructure has been placed in position.

Where the C.N.R. crosses the Mille Isle, there is being built
a bridge of 14 piers, all of which are completed. This is

one of the most imposing structures on the main line of the
railway; and the superstructure for it will be placed during
the coming winter. All other bridges along the road as far
as Carillon have been completed, while the sub-structure of
the big bridge over the Ottawa River at Portage du Fort,
a structure of 12 piers, has also been finished. The C.N.R.
main line runs up on the Ontario side of the Ottawa River
for a distance of 30 miles as far as Shaw Falls, and then
crosses into Quebec. After continuing for 30 miles in Quebec
territory, the line crosses the river into Ontario again by the
Portage du Fort bridge.

Montreal, Que.—Much is planned to be effected av we
Montreal harbor before it is opened again in the spring.
Before that time the slope of mud and clay at the river edge
of Victoria, the dingy old dredge, and the clamshell derrick
will all have disappeared; and a smooth concrete wall, of a
height uniform with the other high level wharves of the up-
per harbor, and another of the huge freight sheds which line
the wharves all the way to Windmill Point, will have appear-
ed. Half a mile down the shore, from sections 24 to 27, where
new concrete piers lying parallel with the river have been
constructed during the summer, two more big freight sheds
will have appeared. The piles for these have already been
driven—long, concrete stilts, thrust down to the rock to take
the strain off the heavy structures with the thousands of tons
of freight, which they contain when in use. New berths at Vic-
toria pier will be ready to give every opportunity for loading
grain. Above the roof of the new freight shed the conveyor
gallery will be extended to the very edge of the river. This
will be the last link in Montreal’s wonderful elevator chain.
It will make one continuous system from Victoria pier to the
western end of the Allan Line shed at the foot of McGill
street, which in all will then have close to 16 miles of belt
conveyors to carry the grain from unloading tower to elevator,
or from one elevator to another; or, finally from either
elevator to any ship lying anywhere between those two ex-
tremes. Four miles lower still, a like transformation will
have taken place at the site of the Canadian Vickers Com-
pany’s shipbuilding and repair plant. Acres of mud and con-
struction materials will have vanished and a concrete retain-
ing wall, which will make the whole water frontage of this
tract one big wharf, and a heretofore much-needed machine
shop of immense proportions, will have been completed.
Further improvements that will add materially to the rejuven-
ation of the harbor, will be the Armstrong steel plant di-
rectly across the river; and the river bed itself, which will
have a newly dredged channel for the use of light craft in
general, which will wind along on the north side of the deep
channel, the passageway for large vessels.
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PERSONAL.

A. K. GRIMMER, City Engineer of Medicine Hat, is at
present on an extended trip through eastern Canada.

GEORGE T. CLARK, City Engineer of Saskatoon,
Sask., has, it is announced, placed his resignation, to take
effect February 1st, in the hands of the city council.

M. R. SHAW, B.A.Sc., is assistant superintendent for
the Muskogee Refining Company, refiners of illuminating
and lubricating oils and paraffine, Muskogee, Okla.

W. E. SKINNER, of Winnipeg, has been retained as
consulting engineer for the town of Kenora, and will make
a report upon the cost of producing power at the munici-
pality’s hydro-electric plant.

P. P. VON WEYMORN, civil engineer of the water
power department of the Russian Government, is at present
in Canada, to investigate the regulations of water power now
in force in this country and the system of administration.
For the past month Mr. Von Weymorn has been carrying on
an investigation in the various cities of the United States,
and is now visiting Canadian cities. He is very much im-
pressed with the results of his investigations so far, and
thinks that the regulations of water power of the Dominion
Government are the best he has seen so far.

——-_——

OBITUARY.

The death was recently announced in London, Eng., ot
Sir William H. Bailey, a prominent British engineer. Among
his many accomplishments was the design and promotion of
the Manchester Ship Canal.

The death occurred in Kingston last week of Mr. John
Hazlett, well known in marine engineering, having been for
years chief engineer of the Calvin and Hepburn Companies.

Mr. Oswald Gurney Carscallen, the Toronto represen-
tative of the Asphalt and Supply Company, Limited, died last
Sunday at his home in Toronto after two months’ illness.
Mr. Carscallen was born in Hamilton and educated at the
University School, Port Hope, and at Upper Canada College.
Until three years ago he was vice-president and secretary-
treasurer of the Gurney-Tilden Foundry Company at Ham-
jlton. Mr. Carscallen had become very popular among the
municipal and highway engineers and road contractors in
Ontario during the three years that he was interested in
paving work, and his death at the age of only forty-five years
will be greatly regretted.

— - —

REVISION OF UNITED STATES ROAD LAWS.

A committee of the American Highway Association has
been appointed to assist in the revision of the road laws ot
the various states in an endeavor to codify and simplify them
and render them more uniform. The comprehensive plan
which has been evolved will eventually result in a more uni-
form system of laws dealing with road matters. It is well
recognized that most of the road legislation in various states
is antiquated, and in many instances, obsolete. Many of the
road laws are one hundred years old. There is little uni-
formity in the laws among the states. These facts appear
as serious obstacles in the way of those who are seeking to
give the entire country a network of improved highways.

It is probable that as a result of this movement the Gov-
ernors of the various states will co-operate to urge upon the
legislatures the appointment of commissioners, who will
revise and simplify the laws.
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THE FIFTH ANNUAL GOOD ROADS EXHIBITION.

—

The Public Roads and Highway Commission of Ontario
will have an exhibit at the Good Roads Exhibition of the
American Road Builders’ Association, which is being held
in Philadelphia, December gth to 12th. - In addition to some
eighty-five commercial exhibits, which had been assigned
before the end of November, and which figure will likely
assume a materially larger dimension before opening day,
there will also be extremely interesting and instructive €x-
hibits from a large number of the state highway departments,
leading cities, engineering schools and colleges. The United
States Department of Agriculture will show the road models
prepared by the Office of Public Roads.

The Ontario Highways Commissioners, Messrs. Mec-
Grath, McLean and Rankin, and Mr. Wagner, Secretary. of
the Commission, will be in attendance. Mr. A. T. Laing,
Department of Highway Engineering, University of To-
ronto, and numerous road. engineers throughout Ontario,
Quebec as well as representatives from Western Provinces,
have signified their intention of being present.

The officials in charge of the convention arrangements
state that from present indications the forthcoming exhib1-
tion will be by all odds the largest and most complere that
has ever been held. Every effort has been made, SO far as
possible, to inclule in this exhibition all the newest labo™
saving machinery, methods and appliances, SO that alte-
gether, the exhibition will be an accurate and striking recotr?
of progress. Several important departures are promised Y
manufacturers in their respective lines, and the exhibition
will afford those interested in the purchase and use of road
machinery and materials an excellent opportunity for in-
spection and comparison.

A detailed programme of the technical features of the
Convention appeared in The Canadian Engineer for No
vember 2oth.

—el

COMING MEETINGS.

AMERICAN INSTITUTE OF ARCHITECTS.—-—FOTW'
seventh Annual Convention, to be held in New Orleans; L2
December 2nd, 3rd and sth. Secretary, Glenn Brown.

AMERICAN SOCIETY OF REFRIGERATING EN-
GINEERS.—Annual Meeting will be held in New Yor¥
December 2nd to sth. Secretary, W. H. Reed, 154 Nassa®
Street, New York City.

AMERICAN SOCIETY OF MECHANICAL EN-
GINEERS.—The Annual Meeting will be held in New York,
December 2nd to sth, 1913.

AMERICAN ROAD BUILDERS’ ASSOCIATION-—
Tenth Annual Convention to be held in First Regiment
Armory Building, Philadelphia, Pa., December oth to 1207
Secretary, E. L. Powers, 150 Nassau Street, New York, N-**

AMERICAN INSTITUTE OF CHEMICAL EN-
GINEERS.—Annual Meeting to be held in New yorks
December 1oth to 13th. Secretary, C. D. Odsen, Pol)'te‘:hnlc
Institute, Brooklyn, N.Y.

AMERICAN SOCIETY OF AGRICULTURAL EN-
GINEERS.—Seventh Annual Convention will be beld #
Great Northern Hotel, Chicago, December 20th tO g1st
Secretary, I. W. Dickerson, Urbana, IlL 1

AMERICAN CONCRETE INSTITUTE.—Tenth Annv?
Convention to be held in Chicago, February 16th tO "3".‘1
1014. Secretary, E. E. Krauss, Harrison Building, bil?
delphia, Pa.




December 4, 1913.

SHORT COURSE IN HIGHWAY ENGINEERING.

The last Illinois legislature passed a law regarding
roads and bridges which introduced new principles and
methods concerning the construction and maintenance of
roads and bridges; and the law also created the offices of
county superintendent of highways, and provides for the
possible appointment of township or district superintendents
of highways. In view of the new principles of administra-
tion introduced by this law, and also in consideration of the
entirely new duties devolving upon the county and township
superintendents of highways, and further, on account of the
recent radical changes in the methods and materials of hard
road construction, due to the increasing use of automobiles,
the Civil Engineering Department of the University of
Ilinois will offer a course in highway engineering from
January 1gth to January 31st, 1914.

There will be no charges of any kind by the University ;
and the course will be open to -anyone, without examination
or other condition, who aspires to be appointed to the posi-
tion of either county or township superintendent of high-
ways, and to any others interested in the maintenance or con-
struction of gpads.

The lectures will cover the various phases of highway
engineering ; and will be given by members of the staff of
the Civil Engineering Department of the University of
Tlinois, and by Mr. A. N. Johnson, State Highway En-
gineer, and members of the staff of the Illinois Highway
Commission. The laboratory exercises are to show the
methods of testing and using the materials employed in
ordinary road construction, such as hydraulic cement, con-
crete, tar, asphalt, road oil, etc. It is expected to have sev-
eral pieces of road machinery on exhibition with experts 1in
charge to explain the manipulation and method of using
each. In the evenings there are to be semi-popular lectures,
which will be instructive to highway engineers and others
interested in road improvement.

—_———

AMERICAN MANUFACTURE OF DIESEL ENGINES

Most of the important European manufacturers of large
steam and gas engines are largely concentrating their
energies on building Diesel engines, and have such a larg_e
number of orders that to make prompt deliveries is practi-
cally impossible. It has for some time been a subje_ct of
much comment in view of the highly successful business

being done in the Diesel engines by many European con-

cerns, that no attempt has been made to build in America
a full line of Diesel engines of a design which has proved
to be a commercial success in actual use.

It should be remembered that notwithstanding tl_le in-
crease in the price of fuel oil, the actual cost of fuel oil and
its relative cost, as compared with coal, is generally much
lower on this side the Atlantic than in Europe. Also, th'a\t
oil suitable for Diesel engines is a by-product which will
always be available in ample quantities as long as the pre-
sent large consumption of gasolene and kerosene .exlst§.
Many large new oil fields are also being developed in this
country, in the United States and in Mexico.

Not only are Diesel engines said to offer many.advan-
tages for central station units, factory and other isolated
Power plants, and railway service, but are particularly d'e-
Sirable for marine work, where weight and space saved is
of prime importance. The Diesel oil engine eliminates the
boilers, with their necessary handling of coal and 'as_hes;
also pumps, and many other accessories characteristic of
Steam equipment. The space sO saved, and. the coal-bunker
Space, can be used for cargo, and the liquid fuel, handled
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by pumps, and requiring less than one-third of the room
required for coal, can be stored in the ship’s double bottom.
In view of these facts, there seems to be no reason why
there should not be a broad field for this type of engine.

An announcement has just been made that a corporation
has been formed with a New York State charter to engage
in the manufacture on an extensive scale of a full line of
Diesel engines, both stationary and marine, for the American
countries. In addition to American interests, the company
has behind it a number of Swedish capitalists, who now con-
trol the Swedish Diesel Motor Company (Aktiebolaget Diesels
Motorer), which company started building these engines in
1808, and many of their designs of the most important fea-
tures peculiar to this type of engine, such as fuel pump,
atomizer, details of pistons, etc., have been adopted by other
European builders. I

The new corporation will take over the plant and organi-
zation of the McIntosh & Seymour Company, of Auburn,
N.Y., builders of steam engines, and the construction of both
types wil! proceed under the one organization, the name ot
which has been changed to McIntosh & Seymour Corpora-
tion. Mc. Edwin S. Church, formerly superintendent of the
Akron plant, International Harvester Company, will be presi-
dent; Mr. J. A. Seymour, formerly president of the McIntosh
& Seymour Company, will be vice-president, with charge of
engineernng,

————a—

AGRICULTURAL ENGINEERS.

The American Society of Agricultural Engineers is

° holding its Seventh annual convention in Chicago. Dec. 29th

to 31st, 1913. From a lengthy program we select the fol-
lowing items as of special interest to municipal officials,
irrigation engineers and those more closely connécted withi
rural development:—

(1) Farm Sanitation, with Special Reference to Water
Supply and Sewage Disposal.—Paul Hansen, Engineer,
Illinois State Water Survey.

(2) The Design of Permanent Farm Buildings.—E. S.
Fowler, Universal Portland Cement Co.

(3) Standardization of Wagon Wheels and Tires.—E.
Parsonage, John Deere Wagon Co.

(4) Concrete in Drainage and Irrigation.—C. W. Boyn-
ton, Universal Portland Cement Co.

(5) Small Motor Applications for Farm Work.—C. J.
Rohrer, General Electric Co.

(6) The Five Winnipeg Motor Contests, and Lessons
to be Drawn from Them.

(7) Address.—C. R. Richards, University of Illinois.

(8) Extension Work in Agricultural Engineering.—F. M.
White, University of Wisconsin.

The secretary, Mr. I. W. Dickerson, Urbana, Ill., states
that immediately after the close of the convention a brief
summary of the papers and discussions will be prepared and
will be sent to any one interested.

——ea» - —

The Toronto branch of the Canadian H. W. Johns-Man-
ville Company, Limited, announces its removal to 19 Front
Street East. This new store and warehouse has a floor area
of approximately 35,000 sq. ft., and is situated in the heart
of the wholesale district. In their new quarters this firm
will be able to carry a larger stock and have ample space
for the display of their complete line of specialties.

The Pedlar People, Limited, of Oshawa, have moved
their Toronto branch from Bay Street to a new building at
the corner of College and Markham Streets, where they have
a greater floor space, and will be able to carry a more com-
plete stock of sheet metal work of all kinds, including cul-
verts, flumes, drains, roofing, fire-doors, metal buildings, etc.
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Each week on this page may be found summaries of orders passed by the Board of Railway Commissioners, to date.
This will facilitate ready reference and easy filing. Copies of these orders may be
secured from The Canadian Engineer for small fee.
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20875—November 21—Authorizing C.N.R. to construct and half divided equally between railway companies. 3. Leave
across Winnipeg Electric St. Ry. Co., near Helen Street and reserved to G.T .P. Ry. to appeal to Supreme Court upon
near Pembina Street, Winnipeg, Man., subject to certain con- question whether in view of agreement between it and city,

dated Sept. 20th, 1908, it is competent for Board to appoI-

ditions.
Ak tion cost of such protection as provided in paragraph 2 ©
Mavz?iéz}f:——lN?vember 22—Rescinding Order No. 19310, dated Order 4. 4. Order No. 14904, dated Sept. 11th, 1011, iS
y s 1913 . rescinded; recission to take effect upon installation and
1 .20877—N°Vember 24—Authorizing CfP% tob cons(t)rutct completion of interlocking plants herein required.
su_illng for Quaker Oats Co. in City o eterboro, Lmt., ~ 20892—November 25—Authorizing T.H. and B. Ry. to
mi e:§8e7 ;ii].ovember I it ol (I:{onst{uct sgur for the Egg-O Baking Powder Co., Limited,
== N.K. amilton, Ont.
daily passenger service west of Alsask, Sask., satisfactory to bkl 4 . 5 : ;

x b : ) : 03—November 25—Directing that C.P.R. erect fences
an Elﬂgm‘;]enf of Nthe Bosﬁd; sIa1d service to be put into effect along portions of right-of-way near Savona, B.C., work to
not at8er 12111(1) 0\{). 39 4: 8_3' tng G.T. Ry, to construct t;\e dcomplet(eid wiglig thIr\Iee months from date of this Order.

20870—November 24— irectir LY 104 r nd rescinding Order No. 17358, dated Aug. 27th, 1912, in
spur from 1its railway on south Sldlfé of %(ammdlsgqpllz: CR“’e‘; so far as it relieves railway company from er&cting fences
to factory and plant of Mount McKay Pressed Brick Lo. O along said portions of railway between Savona and Pennys.

Fort William, Ont. adjacent thereto, crossing two city roads 30 St
and tracks of St. Ry. Co. in said City of Fort William, sub- _20894—November 24—Authorizing Rural Municipality of
ject to and upon certain conditions. glélﬁgg;gg,c rlgISOS- 2(%91,\1 Sﬁisk-t, at pl(’;.sn?vg; ex?entseiwt(s)t c(())fnst‘;:g:
mber 24—Authorizing G.T.P. Ry., subject 2 N.R. at a po1 Q1 3ee e A

to i:ggggt;gog; DZ}r)t. Ai’ublic Worksg of B.C., aftgr crossJing sw:ltch, D_’Arcl){, S(aisk.; railway company plank said crossing
is constructed, to construct main line across Government and municipality do necessary grading.

Road in S.W. % Sec. 11-11-5, Coast Dist. B.C., at mileage 20895—November 25—Approving location and detail

400 Prince Rupert East. plans of Windsor, Essex and Lake Shore Rapid Ry. Co

20881—November 24—Authorizing G.T.P. Branch Lines station on the Talbot Road, Town of Maidstone, Tp. Sand-

Co. and C.P.R. to operate their trains over crossing, in East wich South, Ontario.

Half o{) Sec}.1 23-17-20, W. 2 M., Sask., without their first : 20806—Authorizing C.P.R. to open for traffic that por

1‘>elllg08$;'0ugl'\I t to : stop. S o k. gl r;ug)n ?fld:ugl:s lirack from mileage 121 to Broadview, at mile:
20882—Novem er. 24—Authorizi .T.P.Ry. to cons e 131.4, 3

Lake Superior Branch, at mileage 17.9 across highway be- 20807—November 25— Authorizing ‘CPR. " to PR

tween Cons. 3 and 4, Tp. Oliver, On‘t. at grade, its Snowflake Westerly Branch across nine (9) high-
20883—November 24—Establishing _collection and de- ways, mlieage o to 9.10, Manitoba

livery limits of Express Companies in Town of Leamington, i Rzt

Ont. A 208d98—Novemb§r 25— Ai\lpthorizing C.P.R. to construct
20884—Nevember 24—Extending, for a period of one 3 giode, . propased. . IWACHIAE lead on Eastern Divisiow

; ; L - mith’s Falls Sub. Div., at mileage 123.0 from Montreal
month, from date of this order, time within which C.P.R. etoss public Toad between Cons, 3 and 4, Tp. Montague, Co.

complete extension of siding for Quinlan & Robertson in
Lot 10, Con. 8, Tp. Huntingdon, Co. Hastings, Ont. Lanark, Ont.
20885—November 24—Authorizing G.T.R. to construct 20800—November 27—Approving revised location C.N.
siding into the premises of Pollard Manufacturing Co., Lim- Montreal Tunnel and Terminal Lo., Limited’s, tunnel 1in€
ited, morth of Buttery St., Niagara Falls, Ont., subject to from St. Antoine St., to junction with its main line, 2
terms of consent of said city and certain conditions. Montreal, Que.
20886—November 25—Extending, for a period of thirty 20900—November 26—Approving C.N.R. plan of frei_gh;
days from date of this Order, time within which C.P.R. com- shed proposed to be erected at St. Albert, Alta., as requir®
plete work of fencing portion of rightﬁf-wayffrom mileage under Order No. 20765, dated Oct. 31st, 1913.
6.8 to 7.6, on east side of track, and tepairing fences on west 20901—November 2 ”5 uct
: : A4 - s—Authorizing G.T.R. to constrt,
side of track, on Kingston and Pe?mbroke Brancl.l. siding into premises of Harris A booir Co., Limited, in
20887—November 21—Approving p}{mbsl_:gwmg two new Lot 10, Con. 1, Tp. Barton, now City of Hamilton, Ont.
abutmenéshfﬁ: Iz?\?é?cgixgl;dri)\lr?;iso;t C.P.R. bridge, at mileage 20902—November 25— Directing _that G.N.R. constl'“ct
35.4 on Lha 2 < pod X an_open ditch of adequate width and depth, with botto® 'ot
20888—November 21——Auth01"11mg.(/.N.C.R. to construct uniform grade, on north side of its railway, from int
bridge to carry 1ts line over Inéixatp vagr, Tp. Richards, Co. marked “A,”’ being at Hjorth Road, to point mqued “B,”
Renfrew, Ont., at mileage 107.85 from Ottawa. about 2,000 feet therefrom: at Tynehead Station, B. 1;1:
20889——November 25—Authorizing C.N.R. to construct drainage of land south of track to be looked_after by Mu
across public road between Secs. 14 and 15, Tp. 26, R. 26, cipality in connection with its road construction. ot
W. 3 M., Sask., Alsask Southeasterly Line. 20903—November 25—Authorizing C.P.R. to const®
5 November 25—Authorizing G.T.R. to construct spur for William Rutherford. at Stephen, B.C. ¢ruct
siding, from siding serving Queenston Quarry Co., Limited, i ,20904—N0‘{ember gs—Authorleng C.P.R. %0 coﬂsc rete
north of road allowance between Twps. Stamford and Nia- siding for National Builders’ Supply and Enamel Coysting
gara, Co. Lincoln, Ont., into premises of S. W. Marchment Brick Co., Limited, Montreal, Que., from a point on e;llac""
on Lot 48, Tp. Niagara (near St. Davids). siding in Lot Cadastral No. 323, Range St. Pierre, eL’AS‘
891—November 20—Directing that within 30 days from bane Rondé, Pa”ﬂll of St. Henry de Mascouche, Co.
20801—NoO 1 1 somption, Que., mi . , in Jct.
date of this Order, C.N.R. submit for approval of Engineer Ly mileage 14.81 from St. Martin J ¢ gask:

_20905—November 25—Authorizing Government 0 5= Ry (
at its own expense to construct highway over G. -
near N.E. corner of Sec. 17-38-26, W. 2 M., Sask.

of Board detail plans showing proposed half-interlocking

plants to be installed, as required under Orders Nos. 5508,

6751 and 7201 ; work of installing said half-interlocking be . Works
completed within three months after approval of plans. 20006—November 27—Authorizing Dept. Public ‘. way
2. Cost of putting in diamonds at said crossings be borne B.C., to construct, at its own expense, an overhead D& p.
and paid by City of Edmonton; and cost of providing, main- crossing over G.T.P. Ry. at a point about 127 miles {&5°C. -

taining and operating half-interlockers be paid half by city mileage) from Prince Rupert and near Fiddier Creek,




