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DOCK DESIGN AND CONSTRUCTION IN
"FORT WILLIAM AND PORT ARTHUR

By WM. C. SAMPLE.*

i . : er
i With . ideal location, associated with many c;f:l
nhral advantages, Fort William and Port Arthur, popui 03;
WD a5 the “Twin Cities,”’ are destined to become 0n€

building plant (the western dry dock) where upwards . of

goo men are employed, and from which many of the
finest lake steamers have been turned out. X &
Those of my regders who

€ J
BTeatest inland ports of

may be interested in the Twin

WilliaA,zlerican continent. Fort
sep;irat and P(?rt Arthur are

€ townships, with their
Municipal governments,
ay boer all ‘Dractical purposes
For iﬁ?nsljiered as one port.
Chiefy, 1am’s harbor consists
arniniSOf‘ miver frontage. The
an tiquia River, popularly
HOWHW self-evident reasons,
With ¢ as the “Kam,” together
an S.Oﬂishoots, the McKellar
1S510n  Rivers, is the
f oroviding Fort William
arbo, ,miles of la‘md-locked
islands’ With the addition of two
Sure Y way of good mea-

but ¢

Ea_nso

With e
2

Showing Do

of these rivers have been

dreg, he natural channels :
feredged 10 a depth of 30 feet; the ‘“Kam’ widened tPf 6(30
b Esithe McKellar to 400 feet, and the Mission to soo feet.

idth is about

turnj . ecet In W
Ing basin upwards of 1,000 f «Kam” and

tltnise Made 614 miles from the mouth of the e
thy eWIH Decessitate the removal of upwards © 1
acres of solid earth.

Fig. 1.—Twin CIty

Po quite SO
. Tt 4 not been ;
lavlsh * Arthur, to whom Nature has > verthalags:
2 ha N her gifts of water frontage, has d. further-
Mo, rb.or of which she is justly proud, aP (’late ship-
_ 5 the lucky possessor of a fine up-to-
illiam-
t. Sa ¢ - tice at Fort WillArl
t; Mple j . ineer in practice 2t 0L ineeri
iong OMing ¢ sg:: %\lﬁﬂ;ﬁl;‘: gcgsgiff important l:”luf'f‘iﬁ‘é"‘c“wr,ﬂoxzjs.
'*h the Sunderiand, Bootle (Liverpool) and S the Brooklyn Grade
00')?8"’8 s Years acteq as Designer and Estimator tton aggregating 'ing'
con{::’lluemm':’?iofl who are carrying out imxrozfi'::: Society of Engineer
Cto, 1S a Charter Member of the Am

ck Wall, Taken from the Harbor.

Cities harbor development
might, with advantage, com-
mtunicate with W. R. J. Burdett,
the genial and energetic labor
commissioner of Fort William,
who will be pleased to supply
them, as he has supplied me,
with all available information.

As will be noted, Nature has
provided the Twin Cities with
the necessary water frontage,
and it remains for the Dominion
and civic authorities to take
full advantage of the unique
opportunities offered them of
v making the cities into the
greatest of all lake ports. Much has been done in this direc-
tion, but more remains to be done. It kehoves the responsible
authorities to map out some approved system of planning and
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o or
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posk Construston—Layeut Plan.

laying out their docks, and to see that all such work actually

- carried out is of a stable and permanent character. There is

a decided tendency in these days to think only of present
needs, and not of future requirements, and it is to be hoped
that the authorities will avoid this error, and bear in mind
that future generations will judge their work. There should
be little fear of the result, however. ~The public men of
Fort William and Port Arthur, backed up by the Dominion
Government, are determined that their port will become a
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port of which they will have just reason to be proud, and with
this feeling paramount, their efforts are bound to prove
successful. :

The greater part of the dockage in the Twin Cities port
is provided by the different elevator companies, who have pro-
vided excellent facilities for the speedy loading of grain-
carrying steamers. The government elevator at Port Arthur,
now in course of erection by the Barnett McQueen Company,
for whom E. D. Casseday is chief engineer, is a notable
example of this, and it is the purpose of this article to deal
with the elevator dock now under construction, and of which
the writer of this article was the designer.
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Fig. 2.—Sheet Piling Revetment Wall.

Fig. 1 shows the layout of the dock, which consists of
concrete dock walls of 10 and 12 feet widths, and revetment
walls of the lengths shown on the layout plan. It would,
perhaps, be advisable to consider these different type walls
separately, and this we will proceed to do.

Concrete Dock Walls.—A double row of piling was first
driven with the centre line of the outer row, 2 feet 8 inches
in from the outside of the face line of the concrete dock face,
the piles being spaced 5 feet 4 inches centre to centre in both
directions, and afterwards cut off at elevation 600.0, the level of
mean low-water, Thunder Bay, on which the dock wall abuts.
To the outside of the outer line of piles a 10-inch by 12-inch
fir wale streak was bolted, the top of the wale streak being
flush with the cut-off elevation of the piles. The bolting was

" accomplished by means of 1-inch diameter by 27-inch ma-

chine bolts at each pile-bearing. Outside of this wale streak
sheet piling 10 inches by 12 inches by 34 feet was driven,
every second pile being bolted to the wale streak with a 56~
inch diameter by 24-inch machine bolt. To the sheet piling,
and with the top level with the top of the sheet piling, wale
streak and piles, a 12-inch by 25-pound channel iron was
bolted by means of 3-inch diameter by 27-inch machine
bolts at 3 fzet on centres.

The sheet piling was jetted and tapped into position,-and
sharpened at the bottom ends in order to ensure close driving,
and form a perfectly sand-tight bulkhead. The sheet piling
was furthermore tongued and grooved by building on to the
edges 1¥%-inch by 33-inch strips of timber, obtained by sur-
facing one side and edge of 2-inch by 4-inch strips. The
strips were spiked to the 1o-inch by 12-inch sheet piling with
4 o.d. wire spikes spaced at 8 inches on centres. This con-
struction is illustrated in Fig. 2.

The 12-inch by 25-pound channel iron, to which reference
has already been made, was punched to receive the 3 -inch
diameter by 27-inch machine bolts, and also for 1%-inch di-
ameter anchor rods, spaced 5 feet 4 inches on centres. These
anchor rods were attached to the channel by means of heavy
nuts, and had a lergth of 4o feet with a 12-inch thread at each
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end. The anchor rods were passed through an anc
held in position by means of spur piles, and attac
same by heavy nuts and washers.
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A second line of anchor rods, 1%-inch diameter by 38

feet, placed 10 feet 8 inches on centres, connected the Pfd

viously mentioned anchor log, and a second anchor 108

e

in position by the outer-row of piles, forming a trestle 1€

quired in connection with the general elevator const

ruction'

These anchor rods were furnished, as in the case of the _‘;'O;
plié

foot anchor rods, with heavy nuts and washers. Spur

were cut off at elevation 602.0.

At the outer corner of the dock wall a timber crib 48fftie

by 48 feet, divided into 16 compartments by means ©
walls, was placed. The crib was built of 12-inch by 12

eet

-inch

timbers, the outer walls solid and the inner walls half ope™
nefs;

The timbers in the outer walls were halved at the cor
thus forming perfectly strong joints, whilst the insi

de tim-

bers, instead of resting one upon the other, as in the oY

walls, were placed to cross one another at the junction
Fig. 8 shows the method of construction.
the crib, which, it should be noted, was 23 feet in
was sunk to a depth of 24 feet below mean lo
the elevation of the top of the crib thus being 5909.0-

exterior walls were made sand-tight by having 1-inch the
of the

inch battens nailed along the joints, on the inside
walls, whilst the crib at the outer corner was cut o
angle of 45 degrees. After the crib was sunk in
it was filled with sand and gravel to the top, OF
vation 5090.0.

With the piling, sheet piling, channel and crib in
tion the next stage in construction was the building ©
reinforced concrete dock wall.

The dock wall, as previously stated, is buil
12-foot cross sectional widths.
adjoining a 2o0-foot return end, the 10-foot section is
for a length of 406 feet 3 inches. At this point the wi
the wall is increased to 12 feet, in order to join up i

2

Section C C

building line of the working house, which i
face of the dock wall.
the frontage of the working house,
house, for a distance of 300 feet 8 inches.
the 10-foot section is carried to the crib, where,
shore end, it is increased to a solid mass of concr
face radius of 33 feet. The plans and sections clearty
the methods of construction pursued. The inshore en
return corner was similarly strengthened by a solid blo
concrete, less in bulk, naturally, than was require
outshore corner of dock wall.

drier house an¢ ,
From this

€

poiﬂts-

After being Uil
d pth,

w-water dat“m;

6-

£ at 88
placé

ele

pOSi‘

with

at the

wit
ete W1 ow

£ the

t in 10 and

Starting at the inshor® et
car!'le

dth

0
the

the
s 12 feet fro®

Y : o
This 12-foot section continu€s aoﬂef

int

outf

a

the

a
i of

C.
for the




Moy

»y 191 3.
100"
1] T 0 N TR R
2% 3y 2y B3
R .
. Lhe AR I
- 6;0'0 H

THE CANADIAN ENGINEER

__99'0" Face.0r Dock To- ¢ TRESTLE 5

Ry - FourTH® CROSS WALL

%-'l xLEC(;‘p : Bo::r FOR-EACH: BOLLARD

il 58t 0.cin-Stae- Roo'B’

14

lokizkzalc's all>

Fig. 4.—Section A A.

)
] e
b ¢
L M
L
1 s
o [
! RS
Ll 'lg"
7 rL..}__T
\ §E
SR
= 38
GRS
~ e o
! -
Exo.orC
HANNE| o | acHine -BoLT
£ -TO S::NS"EU AT ezZHMN-‘ BeARING
%‘AZ‘I"M‘CNNW

Fig. 3.—Plan at Inshore End.

t QxZ7'MAr.mv«: Bour

3-0'CE
CnAunEL 15 Hm:n
T R:a:w: mesE-Bars

645

s"x 8"0"in:CRoSS WaLLS - Rop ‘A’

7 14a"*% 50" BoLT:

L 3|_3n 3( 6'
u
=
L
&
H
.el
" THREAD
Zrﬂ:Ao
0 cTOC
ta 7t 6'. 3
| = Al ’E
Rop-A
MAKE- 332 FROM 5% 8-0'~
92"

B
Roo-B
Make 169 From: 3110
12! 4"

0
WJL

MAKEe: ISI FROM%' )

e T
Rob-D i i
Make 1 76 From % %120
—BENT-Rop DETALS—
ReinForceMENT: LisT
N2.oF-Rops| Size LENGTH
226 | Hisrmad 50
1550 .+ | 8 0%
714 N Tl 9 5
160 .« | 16-0'
50 vyl e i0050"
12 | -
15 | « .| 300
|2| | 0 « 35I'O.
169-B| « genr| 110"
51-c| + « | 140
Y720 IR A
Fig. 11.



646 THE CANADIAN ENGINEER Volume 24

The piling at the outer corner of the dock was driven Th . ; lls
as shown in details, whilst the anchor logs, spur pile : - b shqwmg_the cross sections of b

Dreviously. described, were necessary onlj whzre tliule Sx’ojzcc;t, iza;lys;l:l:iljirzges th(eilr d}f 51gfn and con.s truCtion: . I:izzt,
cross sectional lengths of wall were built. The 12-foot cross 2-foot 6-inch bas o T, o - ek w1t}.1 o 8_H-1C~h . 11 of
s?ctlonal length of wall did not call for anchor rods, spur Ha dimlgc. Ott(;lm slab,Tand e connec_:tmg mt.almng R on!
pl.les,. etc., the necessary anchorage being obtained by sub- the 'S 1::;10115 i ownil ke .face projects 6 inches b.ey

stituting 1%-inch diameter by 16-foot anchor rods for the 1%- EHdaklimean Shectarrst o and breaks back 0 g e-
inch diameter by 4o-foot anchor rods used in the 1o-foot ?t i top:i t(lixe C;rnerThe

ing rounded ofi

bottom of the concret®
starts at elevation 509-0!
thus enclosing piless ¥ i
streak, and anchof rods
and is finished off 2t the
top at elevation 6070

Cross walls conﬂe‘:tlng
the top and botto™ sia
and 2 feet in thickne®
are cast with the do
wall, the distance fro®®
centre to centre of Cross
walls being 10 feet
inches.

The 12-foot €ross sef;
tion of the dock W2 1_
similar to the 1o-foot C:‘
tion as regards facé
mation and thickf’ess.o
top slab. The connest “15
retaining wall iS sli hts
varied, as the sk Cet.
will show, whilst the 2

as previou

758 ‘ tom slab,
stated, is formed by i
continuation of the 1of
tress of the e
buildings, and i5 ! 19
g inches in depth.
The cross wa'115’ Zf

rather that POYUOB g
them fronting the e of
WOoRKING - HousE ing house, 3 lenSiu

t
224 feet, are spaced g 2

3 4
20-STeE} RAIL FIKED- T T z
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e 7 SO YD : : cet
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) ' ¥ =le w7 i 2
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10-foot 8-inch Centres,foot
in the case of the -
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15%6-inch diamete” "% oq-
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Fig. 6.—Section B B. : 2211“85 in the reta;nl"j
AP
: : : wall section, and 97° o0
section and' c:drrymg same thr01.1gh into the mattress of the diameter by 3s-foot rods 12 inches on centres in the bott?
elevator buildings, the mattress in turn being carried forward slab. b
under the 12-foot section of dock wal i i o
all, thus forming the The cross sectional reinforcement consists °f, s fac®

bottom i i
slab or foundation of same. diameter by 8-foot rods 18 inches on centres adjoinin®
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of raising the base of same %-inch above the top of dock
enable any surface water that may collect to drain off under-
neath the rail.

Details of the dock wall construction are given in Figs.
3, 4, 5, 0, 7, 8 and o, whilst the details of bent rods and
reinforcement list are shown on Fig. 1I.

o, and $4-inch diameter by 12-foot rods on similar cen-
e Tunning from near the face of the dock through the
Ottom s]a},
Fo The 10-foot section cross walls are reinforced as foélowz;
t u]r Cross rods $4-inch diameter by 8 feet, denoted 10
ad(ii;‘ and two $¢-inch diameter by s-foot vertical rods. Ap
e 'onal cross rod $4-inch di- E
ter by 11 feet denoted rod %g
I

“B, , J
» and spaced 5 feet 4 _L4240/Q Aucon PEOCENTERS (2 ’l

_EY

inch, ; : :
th €S on centres is used in 12" THREAD AT EACH END x
€ top gl : 10-0
slab reinforcement.

i TSIDE _OF - ‘ EnD-OF CHANNEL)
ds ¢ and “B” are bent E_‘_—?_u:_,_,__ﬁ‘:__ —IQ'T'QT%PLL
; ™ %'
5 |

i Showf} on details, Fig 11.
Secti(‘)l;Zing to the 12-foot cross
infor, wall, we find thfa re-
ent, em}fm Son:fewhat dlff'er-
forcem e Iongxtudinal_ rein-
‘inc;hent consists of nineteen
. _diameter by 35-f0f)t
the ;0 inches on centres in
ametebelab’ three $4-inch di-
Y 35-foot rods g inches
lamc:tntres and four $4-inch
iHCheser by 35-foot rods 12
On centres in the re-
iy Wa}l section, and eleven
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o ¢, MOoring bollards were fixed .y,{v:n.m' *Lencmis-1240¢ bot ° 0 *Srees RalL
very fo : foot (e 10'K12WALE S

Sectiq urth cross wall in the 10-1C , amami L 1206

of wﬁ and part of the 12-foot section Cl Y A uA

. VARIABLELENGTHS- " 0lc
the ,. * 30d on every third cross wall in A, ,

22 : —_-J
djoin?fOOt length of the 12-foot section 1T
the 0111':18- the working house, whilst at

e St:hore corner of the dock wall a
A ndarq snubbing post was fixed.
tineg oong the face of the dock wall tWoO
ith O-Pound steel rails were placed/,
inch € 10D of the rails projecting %

Fig. 8.—Section D D.

This weYond the concrete face of dock: f
docy a8 rendered necessary as a means 01

ace from the risk of abrasion by Vess® 5. bass !
laid aeal‘ the outer edge of the dock face, alii ;eled o ’place
by %_,g“ard consisting of a 20-pound steel 1a

protecting the

. iameter
ancho:nch by 2-inch flat bar clips, and %;ll;:;hs‘:we the
d‘)ub[e boltg placed at 4 feet centres. he and by reason

PUrpose of holding the rail in positions

Revetm:nt Walls.—Adjoining the crib end of t'he cof"
crete dock wall revetment walls were built 448 feet 10 inches in
length along the outshore end of the 'prOperty, -and 550 feet
in length at right angles to last-mentioned portion and run-
ning inshore along the property line of the elevator property.

The revetment walls consist of a single row of piles,
spaced 4 feet on centres to the outside of which two lines of
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8-inch by 12-inch wale streaks were bolted, the wale
streaks being 6 feet apart centre to centre. Outside of the
wale streaks sheet piling 6 inches by 12 inches by 32 feet was
driven, the piles being jetted and tapped into position and
sharpened at the bottom ends in order to ensure close driv-
ing, and thus ensure perfectly sand-tight bulkhead. This
sheet piling was tongued and grooved in a similar manner to
the sheet piling driven in connection with the concrete dock
wall, and as shown in detail in Fig. 2.

The upper wale streak was connected to each pile by
means of a 1-inch diameter by 22-inch machine bolt, and the
lower wale streak connected to each second pile by a similar

Volume 24

THE HAULING CAPACITY OF LOCOMOTIVES'

At a recent meeting of the Western Canada RailW?);
Club a paper was presented by H. D. CameroD, chle.
draughtsman of the mechanical department, Canadian NO¥
ern Railway, on the above subject, a portion of which W
publish below.

In the earlier stages of railroading the important
tion of train loading was left to the discretion of the mar ,l_
charge of the engine, but owing to the apparent incons’®
tency of the loads hauled, this method was soon chang®™
and the train loads for each class of engine was ﬁxed_“‘t p

ques-

bolt. ; certain number of cars. This method failed to iscrimlnate
Each second sheet pile was connected to the upper wale between loaded and empty cars, and was followed by 2 syste:;
of loading by gross tonnage, i.e.s it includ
: r— both the weight of the car and the 108
8-0 E | Aucuoe Bona@s'-o'-\ The capacity of box cass hasiul
SR ally increased in the last thirty-five years

Pies @ 8'0'Centiny

from 24,000 pounds to as high as 100,

pounds, and the Very apparent diﬁereflce
in hauling a train composed of empti®
and one comprising loads only, disclos®

; i : D
% the important bearing the ratio betwe®
. <

- tare and contents had on unit resistance

! =| = . 1 - ductlon

EAcH Seconn Sueet Pie o connecrepll rqﬂMnuaur-w—m-mﬁlaurquaSTnm This discovery led to the intro¢=

i"’"’”‘“w“g:““"“% Q:'G-“'Bugg_ Wow o SecNds « SohSlower A of a system of equivalent tonnage rating:
y

¥ THREAD
AT EACH END

4!

: fi
<P> V—?} There have been a number of differ®” ;

PiLES @ 4-0'CeNTERS ool
. : equl
T 2 S Wace Srelaxs methods tried to arrive at 'correct (tlo o
+ T30 0" LG lent tonnage. One suggestion Was
range a special table or automatic

1y
TXTRYL PLATE WASHER. .

ACH-SHEET PiLe TO-BE: ECTED-TO
Lowen WALE- STREAKBY-Fa' *X 16" M-BoLT

— PLAN —

lator, so that the different resistances
responding to various capacity cars
ing up train, could be readily added

B %2 WALE STREAK
ECOND- SHEET PILE VR 4 ' M-BoLT- EACH PiLE BEARING

%"Rlﬁ'.M- BoLT EACH

v
10 M Bawr %:‘|2| WALE STREAK 12° THREAD AT EACH END

X29'M BoLT EACH SECOND-Pus BEARING

Fig. 10.—Section E E; Revetment Walls.

streak by means of a 3-inch diameter by 16-inch machine
bolt, and each sheet pile to the lower wale streak in a similar
manner.

Through every second pile was passed a 1%-inch diameter
by 4o0-foot anchor rod, and this in turn was passed through a
rear row of piles, placed 8 feet on centres, and an anchor
log, held in position by the last-mentioned row of piles. The
anchor rods were threaded 12 inches at each end and were
fitted with wrought iron plate washers, and heavy nuts.

The pile and sheet pile cut-off and top of upper wale
streak elevation was fixed at 606.0.

This elevator dock is now nearing completion, and is
considered the most up-to-date dock of this particular type
in the progressive port of the Twin Cities.

——aa>o————-

One of the world’s newest big projects is a railway
across the Sahara desert. The French government has fin-
ished its exploration. The task is difficult, but French en-
gineers are masters. If France goes ahead plans may be

ready this year,

L g/ Ancnom Regspg e

gether, and the proper tonnage ob
by balancing with calculated availabl
tive power of the engine. This sche
does not seem to have been g€B€ b
adopted, and for present purposes the 5}’.1'
tem used on the Canadian Norther?
way will be explained at length furthe? 4
in the paper. €

In order to follow the subject mow.
easily we will consider it under the foll0
ing sub-headings in sequence:—

1. Speed resistance.
2. Resistance due to curvature.
3. Grade resistance.
4. Tractive effort.
Speed Resistance.—Train resistance is defined 3 fn
sum of all resistances which constitute a tax on the 3dhe§10e'

of the locomotive. That part commonly called ¢¢spec st
sistance’’ is generally taken to mean all the different €
ances that are effective on straight level track, viz.:—

Journal friction between journal and bearing:
Rolling friction between wheel and rail.
Atmospheric head-on resistance.

Atmospheric side resistance.

e

Stopping and starting resistance, or resistanc®

to change in velocity.

These are all variables and rather difficult to isolate a:f‘
measure separately. They all act together, and, ! t
dinary ‘practical purposes, it has been thought sufficie” the
obtain the average total resistance without determining
proportion of each individual part. t

A number of the older formule show this 1'eSi5tal.]ce 10

be comparatively high at the start, gradually dimiﬂis}n

Flange friction, due to oscillation and concusswn'due
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about twelve miles per hour, and then increasing with the

:iDeed, The later formulz, used by the American 'Locomo-

Ve Company and obtained from the Pennsylvania dyno-

:Zml;?ler records, show that the resistance .between five tO

appm‘_es per hour and thirty to thirty-five II_llleS per hour 18
Ximately constant for each different weight of car.

Weighhe following table shows the resistance of various
ts of freight cars on straight level track :—

i -
ota] \\relght of cars,

05 (2,000 Ibs.)...20 25 30 40 30 6o 70 72
€Sistance per ton,
530 miles per hour 7.84 6.62 5.78 4.65 3.04 3.44 3.00 3.0

ton L table shows a decided variation in resistance Dper
on | red by different sizes of cars. Cars weighing twenty
S Tequire 7.84 Ibs, per ton, while a seventy-two ton gar

ne :
qu?:is only 3 lbs. under the same conditions. This shows
sibl: Clearly the advantage of using the largest cars 1:;5(;

, Consistent with traffic and operating conditions,
dicates the necessity of differentiating between large
Smal]] Capacity cars.
Per :t[(:nh?s b?e” found from experiment that the re51lsta(r11:§
g 7 thfrty per cent. greater in empty cars t.hanh oalc e
Hage’ oz;nd %1115 is also a factor to be conSIderefi in the )
that th tran'ls_ From the foregoing, therefore, 1t 1S ::1ppathod
Erebe €quivalent or equated tonnage calls for somle m(;ed i
‘that th'v all locomotives of the same class shall be loa 1eads
in diffeer trains composed of loads, empties, a'nd part oThé
Methoq €0t capacity cars shall offer equa} resistances. e
Way o At present in use on the Canadian Northern e
15 twg tsllmes that the ideal ratio between tare ar}d c?ncom-
Densate:i) (f)ne, and any variation from this proportl;ﬂ 11 s
e to ¢ or by adding a variable percentage of t etz s
Surplyg . € sum .of tare and contents. This per.cinthg 2
Nage is dare Va.rxes with the ruling grade for whic b3
Per Cent etermined. Thirty per cent. is used on level, kg
or grag, for grades up to o.5 per cent., and ten per
W des from 0.5 per cent. to 1.5 per cent.
siStan:"‘tfler- Resistance.—Under the hea‘d_ing of we::};a £
Te vae~ls. included all resistances resulting from temp
x1'1at.1on, wind, and snow.
thay Periments by Woodbury and Beaucha )
frictione temperature variation has a marked effect Fonhjr(::nheit
& co . .At approximately one hundred deg.rees a i
D ®fficient of friction is a minimum, and increases as
g TTAture s Jowered. In the case of a train allf)wedb';o
diﬁicult(;r-any length of time in cold weatl.lelr, cc;fes;dzreie:
Sa % rnI: €Xperienced .when start?ng, z}nd 12 :i tt)O ]
ang ., '°ve small sections at a time, 10 O dbiiin

alsO

T .re*

mp Tower show

ake ; 3
Moy € 1t possible to start the whole train.
Showy Teferred to as ““frogen train,” but dynamometg‘; re;}:,or::
. ] i en
Ong At Tesistance in starting is not changed su /

&raqy, eXpect with a frozen journal, but is mOT® orn 1::

This condition makes generous redaiiig been

Dumy, Perature necessary and although there ha":3 seem

o b - oF Of tests in this connection, there does nOF }1’e hows

Teduy; UCh unanimity of opinion. The following kb e'iwa}”
NS Now in use on the Canadian Northern Ral

T
emneratu,.e Reductions—Canadian Northern Railway.

Fre Temperature Reducios.
ezi . :
32 de;:‘g 32 degrees) or above ...t ..Nll oy 43
15'de °es above to 16 degrees above, OF bad rail 5 @
Zero Brees ¢, o SR s T 10 -
B 0 decrees biion i 15
2 degr:es 10 20 degrees below +«..-ooo0t 7 f;’ «
26 qq &S below to 25 degrees below ...-<-"*" :O ¢«

2

°es below to 30 degrees below .-+«
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In applying these temperature reductions it should be
borne in mind that as soon as journals get warmed up, ordi-
nary warm weather conditions hold so far as journal friction
is concerned. In making this reduction, the proximity of
the ruling grade to a terminal or point where detention is
liable to occur, must be a consideration.

Wind, or the resistance offered by the atmosphere, is pro-
portional to the square of the velocity (in miles per hour)
multiplied by the cross sectional end area of the locomotive
or car, multiplied by a constant equal to 0.002.

The= velocity of the wind should be added or subtracted
to the velocity of the train, according as it is in the opposite
or same direction.

Side winds have a tendency to cause pressure of wheel
flanges against the rails, thus increasing resistance consider-
ably, Owing to the constant variation in direction of this
factor, it cannot be estimated with any degree of accuracy.

Speed resistance on account of flange friction, due to
oscillation and concussion, varies according to the condition
of track and road-bed, and speed at which trains are run.
It is not usual to consider this apart from the frictional re-
sistance due to speed.

Momentum.—In addition to supplying power necessary to
overcome the various resistances already mentioned, a loco-
motive has to furnish an additional amount of energy every
time there is a change in velocity, either from rest, or from
one velocity to another. This energy, in pounds per ton, in-
cluding both the momentum of translation and the rotative
energy of the wheels, axles, etc., is expressed by Henderson

70 V?
where V is the velocity in miles

in the formula P =
S
per hour, and S the distance in which it was acquired. Where
conditions of track will admit, advantage is taken of the
energy stored up in descending a grade, so that it is only
necessary for the locomotive to supply the difference be-
tween the energy required to lift the train up the opposing
hill, and that acquired by descent of the approach. In order
to take full advantage of these conditions, the power avail-
able may be obtained by adding together the momentum
energy of the train and tractive power of the locomotive,
Crade Resistance.—Grade resistance is due to the retard-
ing effect of gravity on a train ascending an incline. It dif-
fers from the speed resistance in that it is invariable, and
can be calculated exactly. :
Curve Resistance.—Our knowledge of resistance due to
curvature is in about the same state as that regarding some
of the factors, before mentioned, in speed resistance. A good
many tests have been made, but the results have not been
sufficiently exhaustive, and we are still compelled to accept
some approximation for our estimates. Various estimates,
by different authorities, run from o.5 lbs. to 1.72 1bs. per
degree of curvature. The American Locomotive Company
have taken 0.80 as a suitable mean, and this seems to be a
reasonable figure to adopt. When a truck traverses a curve
there are two different classes of resistance, viz..—

1. Forces originating in truck.
2. Centrifugal and centripetal forces.

Observation has shown that on curves the tendency is for
the front outside wheel to hug the rail, and the rear axles
tend to lie in a radial position. Owing to the outside wheel
having to travel a slightly greater distance than that on the
inner rail, and on account of the wheel not being free to
turn on the axle, there is a combination sliding and rolling
motion of the outer wheel which further adds to the re-
sistance. The continued relative motion between car body
and truck, when traversing a curve, adds considerably to the



050 THE CANADIAN ENGINEER

resistance, and efforts to reduce this to a minimum have been
attempted by the adoption of roller side and centre bearings.

Experiments by Wellington show that the resistance is
appreciably less with new rails, and becomes greater as the
outer rail is worn to the shape of the flange. It has been
found that speed influences curve resistance, and one test on
a one degree curve gave one pound resistance at a speed of
twelve miles per hour, and only one-half pound at twenty-two
miles per hour. Experience has shown that length of wheel
base considerably increases the resistance on a curve.

- D—CcCurve in Degrees.—Centrifugal force is directly pro-
portional to the weight multiplied by the square of the ve-
locity. The usual practice is to clevate the outer rail a limit-
ed amount, from two to six inches, in order to counteract the
tendency to lean toward the outside, and reduce the effect of
the centrifugal force on the rails. From the above it is
evident that a different elevation would be necessary for each
different speed, and it is customary, for obvious reasons, to
make this elevation suitable for passenger trains running at
high speed. It is consequently too high for slow freight
trains, and where curves happen to come on a ruling grade
the tendency is to cause a slight increase in the resistance
of the freight train. This is overcome by compensating the
grade 0.04 per cent. for each degree in curvature.

Tractive Effort.—Having considered the various factors
which go to make up train resistance. we now direct atten-
tion to the power developed by the locomotive, and particu-
larly that part due to the friction between the rim of drivers
and rail, and the power available for hauling train at rear of
tender.

The available tractive power at slow speed is derived by
equating the work done in the cylinders, to the work per-
formed at the circumference of the drivers in one revolution.
By the solution of the equation we obtain tractive effort—

Mean effective pressure x (piston diameter) x stroke

Diameter of driving wheel

The mean effective pressure is usually taken as eighty-
five per cent. of the boiler pressure. In order to obtain
greater accuracy it is customary to consider the resistances
of locomotive and tender separate from the cars, and these
may be grouped under the following headings:—

1. Internal friction of locomotive, found by experiment
to be 22.2 lbs, per ton weight on the drivers.

2. Weight on drivers multiplied by grade resistance.

3. Resistance of engine and trailing trucks, and ten-
ders taken same as car resistance in train.

4. Head-air resistance equal to 0.002 V* x A where V
is miles per hour, and A the front area of engine (usually
taken 120 square feet).

5. LCurve resistance .8 1bs. per ton per degree.

6. Reduction necessary account of increase in speed,
shown in attached table.

Table of Speed Factors.
Piston speed, feet per minute—
250. 275. 300. 325. 350. 375. 400. 425. 450. 475. 500. 525. 550.

Speed factor—

1.00 .976 .054 .932 .008 .886 .863 .840 .817 .795 .772 -750 .727
Piston speed, feet per minute—

§75. 600. 625. 650. 675. 700. 725. 750. 775 800. 850. 000.
Speed factor—

.704 .680 .660 .636 .614 .500 .570 .550 .530 .517 .487 .460

Volume 24-

Piston speed, feet per minute—
9s0. 1,000. I,100. 1,200. I,300. I,400. 1,500. 1,600
Speed factor—
435 .412 .372 .337 307 .283 .201 .241
The sum of the above mentioned resistance must be 9€°
ducted from the tractive effort, in order to obtain the D€t
power available for hauling of trains. In order to illustf?’te
this, let us take the example of a consolidation enginé wit
the following dimensions:—
Cylinder, 24 x 32.
Wheel, 67 inches.
Boiler pressure, 180 lbs.
Weight on drivers, 104 tons.
Weight on engine truck, 12 tons.
Tender, loaded, 75 tons.

The problem is to find the net available tractive P"wer
and proper tonnage for this engine, in order that tweR
miles per hour may be maintained on a 0.5 per cent. gra®™

Tractive effort (MEP 85 per cent. of boiler pressufe)/
49,475 1bs. ¢

Speed, twenty miles per hour, therefore piston speed ¢
this engine is 620 feet per minute, and speed factor 10
above table is 65 per cent.

Available tractive effort at this speed........ 32,158.7
Resistance due to grade, account of

weight on drivers 104 X 10 ...... 1,040
Resistance due to grade and speed on

tender (2-3 load) and engine truck

5 1bs-

—72 X 13.04 ceccencnns LM B I T /00T
Resistance due to head air—I20 X
0.002 X 20 X 20 covesescnonsanns 96
Resistance due to internal friction—
104 3¢ -22.2. oolsansaits s R e RS 4,447.80 o
27711 1bs-
27711
Tonnage, 50-ton capacity cars 1,087 tons.
13-04
From the foregoing it is evident that the work doneé b);

an engine is limited by either the boiler capacity °F ot
power adhesion. Engines are compared with respect to the
adhesion by comparing the factors of adhesion, 1€ :ch
ratio between weight on drivers, and tractive effort, W
usually runs somewhere between 1-4 and 1-5. .

The boilers of most engines are unable to supply Sher
ficient steam to develop full tractive effort at speeds od
than eight or ten miles per hour, and after this critica ®
has been reached the boiler becomes the limiting factor t:;illr
considered in connection with load and speed.
therefore, be readily seen that on long level sec
boiler capacity becomes the principal factor in fixing *
loads.

tions *,
310
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RAIL FAILURE TESTS.

M 8

Ninety per cent. of rail failures, as stated by Mr- the
Wickhorst, engineer of tests for the rail committee © oot
American Railway Engineering Association at the recead
convention of the association, are failures either of the
or web, which constitute 5o per cent. of them; vr of ¢ o
which constitute 40 per cent. The cause of the forme*
ascribes to unsound ingots, and the remedy he says past
more uniform chemical structure in the ingot. For the 25
failures he blames laminations in the base, and suggests
a cure better mechanical rolling.
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WER APPROACH WALL AT GATUN, PANAMA.

d,i?; lower approach wall of Gatun Locks, at the Atlantic
co i fr<.)m the five other approach walls in the Canal
struction, The cellular form of reinforced concrete

“Sed f
°F the upper approach walls at Gatum, Pedro Miguel,
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are driven on four-foot centres, longitudinally and trans-
versely, and on 3-foot centres for the outermost two hundred
feet, are surmounted by a continuous base of concrete, which
extends a foot below the top of the piles.

This base is 58 feet wide. The bottom is level, but the
top is a series of inverted stepped arches, described on a

a .
c::lise ;;aflOIes 1 b oo b et watels be radius of 42 feet. The haunches betw.een the successive in-
s Its possible effect on the steel reinforcement. The ve.rted arches form the bases of th.-e piers of the ﬁat-span
Centre “Section, double gravity-wall used for the lower bridge. At the 10}’V€St step of the u.werted arches, the.thl'ck-
foung, gmfie walls at Pedro Miguel and Miraflores, and ITGSS.Of. the base is ﬁVe.feet seven inches; at the springing
directly op rock, would be too heavy for the rela-  line it 1s 10 feet seven inches. Several of the arches were
:ﬁ 7 T —
! J' ,' ! I —
: T LV A A TR WS SN
R I 7 A ) -
| & I : 3 N < N
‘ A I | . 3 % s
'aoil'ﬂb'/; I%) 5% | By q g &J
WL0% |ed|zong |2 oc. q
e S
] 5 T o
SN - i
R poyrlremgns Sy e camnpetes’s e R iy e or
st e ot I
n ( 'l V: : LY |
Sketch A.—Side Elevation of LOwer Approach Wall. > : |
tivey, .
Wher); II;ecure base in the lower approach to Gatun Locks, '
% § e’t ter excavation has been carried to a maximum of v -76
Teach . clow sealevel, the use of long piles is necessary e {
ok, which in places is over 100 feet below sealevel. N\ o
Prige : :tr}lcture planned to meet these conditions com; e
fory, cazl:; of piers, corfnected by flat .Spaﬂs ;gzvz,ri;- constructed with the soffit on a curve, but for the sake of
ay of successive flat-span pridges. speed in comstruction, with consequent economy, as well as
to afford better bracing for the forms in the erection of the
piers, the stepped arch was adopted. The lower part of
each riser is on the circumference of a regular segment,
with 42-foot radius, so the strength of the arch is not dimin-
ished. Reinforcement in the base consists of twenty con-
tinuous longitudinal rows of 7o-pound rail, resting on the
tops of piles; and duplicate rows of similar rail four feet
six inches higher up. The side elevation of the base, and
of a portion of the completed wall, is shown in the accom-
panying sketch marked A. X
’r A transverse section of the wall is shown in Sketch B.
Each pier, as shown, consists essentially of two piers, con-
S‘ nected by a semi-circular arch. The horizontal normal sec-
T 8 W tion of 'each f:ompoxtrent is 18 by 10 feet; the inner sides
O 22p= e are vertical for a height of 22 feet five and 11-32 inches, this
| point above the base being the springing line of the arch,
4 which has a radius of 11 feet. On the outer faces the piers
are vertical from base at elevation—39.37 feet, to the top,
e soyman which is 12 feet above sealevel. Thc? shaded sections showm
in Sketch B are not parts of the pier proper, but of the
spans connecting the piers in the causeway. The piers, 20

]
B.\
Sectional view (Twenty, 50 ft.
the Causeway):

Apart, Support

1, -
ha‘;lesp 1::‘ S cont
E:Ztom_ rm::nti’{g the piles, but would 1
maélym the Vation revealed, however, SO
nece at t'ka which was not shown
aga‘i’sSa Y to bl.tne of determining the lock
Dst tran. Ind the piers together an
Nsverse sliding. Accordingly, the

broad
emplated that the piers should rest o8 d at
ot be connecte

ftness in the e'arth
py the borings
It becamé

site.
them

in number, are set 5o feet apart, centre to centre. The
spans connecting them are carried by four 6-foot, and six 4-
foot 6-inch plate girders, encased in concrete. The tops of
the spans will be left uneven, in preparation for the grout-
ing necessary to the laying of track for the towing loco-
motives.

The six spans of wall nearest the locks are closed by.
»-foot curtain walls. This is to prevent water from surging
from one approach channel to the other, between the piers,
when a lock is discharging. Beyond the sixth pier the spams
will be open, and the bottom of the spans will be two feet
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above the water. The wall will extend 1,016 feet from the
line of the fender chains, and will contain approximately
45,000 cubic yards of concrete.

———

BUILDING MATERIALS IN WESTERN CANADA.

With the exception of British Columbia there is very
little building stone produced in Western Canada. This is
due to two causes. First, the rocks which underlie the de-
veloped portions of the Prairie Provinces are of compara-
tively recent age and are consequently soft in character and
weather rapidly; second, there are very few rock exposures
in the settled portions of these provinces except in the Rocky
"Mountains and the foot hills.

In British Columbia there are large potential resources
of building stone. They have, however, been developed only
in certain localities on the Pacific Coast and have been con-
fined to Cretaceous sandstone and certain volcanic rocks,
situated on Vancouver Island and adjacent islands. Varieties
of marble are also quarried on Texada Island.

While the prairie Provinces have not been proved to
contain building stone in great quantity they possess large
deposits of lime-rock shales and clay suitable for the manu-
facture of cement; also large deposits of clay and shale
suitable for the manufacture of brick of various kinds, tiles,
sewer pipe, etc.

The region bordered on the east by the Great Plains,
and on the west by the Coast Range, does not, so far as
known, contain extensive clay resources. Shales also are
rare because, in most instances, the deposits of argillaceous
material have been altered to slaty rock or schists.

Exploration in the Pacific Coast region has, thus far,
disclosed only a limited extent of clay resources, but import-
ant shale deposits are found at Sumas Mountain, southeast
of Vancouver. Surface clays are more extensive than the
shale deposits and a number of these clays are found in the
vicinity of Vancouver, Victoria and on several of the islands
in the Strait of Georgia.

The cement plants in operation in Western Canada are
situated at Babcock, Manitoba; Winnipeg, Man., (under
construction) ; Calgary, Alta.; Exshaw, Alta.; Blairmore,
Alta. (one operating and one under construction); West of
Edmonton, Alta. (one under construction); Todd Inlet,
B.C. (one operating and one under construction).

In the above list there are four new plants described as
under construction, but all expect to be in operation in the
spring of 1913. The Rocky Mountains undoubtedly contain
enormous deposits of raw material similar to that used at

Blairmore and .Exshaw which will be developed as the de-
mand increases.

UNEXPECTED RAILWAY TESTS.

Fifty-one thousand surprise tests were conducted by the
Pennsylvania Railroad last year:to test the alertness of its
men in heeding signals. In these there were 510 failures on
the part of the men to obey the signals, and the railroad
company, arguing that each of these failures contained the
possibility of an accident, protests vigorously against a bill
introduced into the New Jersey Legislature requiring the
railroad to give previous notice in writing to the engineman
where tests of apparatus are to be made.
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RECOMMENDED PRACTICE IN RAILWAY
: LOCATION.

: ! ailway
At the recent annual meeting of the American R o

Engineering Association, the following notes for Tallw?zs of
cation were presented by a committee on “The Econom?
Railway Location” :— e

Value of Maintaining Original Profile.—Railroad iy
files change in the course of years. It is a well-kl}owrl he
that fills settle, causing deep sags in the grade line.
raising of tracks through cuts is cheaper than ditching =
is responsible for summits in the cuts. o

In the early days it was not as thoroughly reauze.d a
is at the present time that maintenance of way is ch? o
matter of drainage. . Shortage of momey was also 1€ if-
sible in a large measure, for narrow cuts which were con’
ficult of drainage. In the effort to get away from th® reby
dition, and to secure a ditch, tracks were raiseds thec
causing steeper grades than were originally Proleaised
Every cut being followed by a fill, the sequence of :nthe
cuts and depressed fills has caused a wide variation ¢
original ruling grade.

On some lines, where the profile has been che
has been found that stretches of 0.3 per cent. grade & oI
come 1 per cent. If places of this character occur n: ton
point of heavy resistance, an immediate effect Ofl t Kiné
nage of a train is the result. When an engine 15 ne fire
with its bar well forward, with the fireman tired out, ¥
dirty, and the steam pressure dropping, such places
cause the stalling of a train, and in a short time the
delays will result in decreased tonnage rating.

g
cke ,be‘

uest

. 0

Raising tracks is mot as economical as the sec?lonbetwf
man and supervisor would lead us to believe. While prac'
drainage is undoubtedly secured, it is generally bette? itk
tice to clean the ballast, and widen cuts to secu’® a ot
and to raise track only when it becomes necessary siof®
roadbed to a proper line and surface. Om such o€
grade stakes should be used to establish the grades: e

On many railroads an effort has been made t0 plaC: o
manent monuments, so that the track could be kept 8t meﬂts
stant elevation. The difficulty of maintaining mon.‘; 10
along a roadbed is well known. They are not only I o
be a menace to the lives of the trainmen, but the¥ = 5ot
stantly settling, and being knocked by sectionmer af Plaf#’
casionally by derailments. However, the importance g |
ing permanent monuments cannot be over-estimated: il

Compensating Old Roadbeds.—In the early ,dayslf o
roading, compensating for curvature was practicd y
known. For many years it was probably unnecessafy' g

pensation for curvature is not vital to small trains i ipalw-

at speed. The resistance due to curvature is prt the &
felt by heavy tonnage trains on ruling grades wher€
gine is rated at a high percentage of its cylinder teﬂ"iﬂ’
power. Various experiments have been made t0 & ,dd‘
how much reduction in grade would compensate for ¢ 18¢

ed resistance of curvature. It has generally been thile b

tice to compensate this at a stated amount, and, R
method is not as accurate as could be desired, it lnsidef'
much better than mo compensation at all. From : W
ahle observation of the influence of curvature, tog.et It
the examination of numerous tests of its effect, it 18 res!
some rules can be laid down which will improve ! 2
practice. The rules follow:

Rules for Crade Compensation.—i1. Compens®
per degree:

(a) When the length of curve is less tha
of the longest train,

£io?

o8t
1 half the i
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(b |
) When 5 curve occurs within the first 20 ft. of rise
8rade,

(c) w
hen curvature is in no sense limiting.

of 5

20C
OMpensate .035 per degree.

(a
) When curves are between % and % as long as the

longest train,

(b
Tse frcszhen the curve occurs between zo ft. and 4o ft. of
the bottom of the grade.

3. C
OMpensate .04 per degree.

(a)
(b) ahere the curve is habitually operated at Jow speed.
the Iengthhf,;etthe length of the curve is longer than % of

he longest train
ntc, Where ;
s,

is excessive for freight

traj super-elevation

(d e
g ) At ay places where curvature is likely to be limit-

vati:n S::l It))emsate .05 per degree wherever the loss of ele-
€ spared
e s
‘om ns;liystration will show what can be accomplished by
ake ;011 of curvature on old roadbeds:
1 - ‘-‘urvatuo's Der cent. grade five miles long, with an aver-
{ the ma Ure of 6o deg. per mile, without compensation.
Ielll&’th t XImum curve js 6 deg. and the curve equal 1n
ey inol'th-e .Iongest train, the curvature will have the same
deq o "Miting tonnage as a grade of 0.24 per cent. This,
o, 4 te 0.5 per cent, grade, would make a ruling grade
Miles oper cent. The effect of the curvature on the five
2o DErgrade would be 300 deg., which, at an average of
ls-a e degree, would AIOuDt to. 1054 Tte liskais 0% ft.
Ml e e 'o the 132 ft. of rise in the five miles Of grade, it
S equy ?ulvalent to 1423 ft., or 28% ft. to the mile, which
c‘.)mpemsato 4 0.54 per cent. grade. If this 0.54 per cent.
diage) : ®d grade is laid so as to be superimposed jmme-
" ballygy; ¢ the present roadbed, it will be found that by
S graé1 & the track to permanent stakes on a 0-54 pet
Ml po o @ new ruling grade can be established, which

Y 0. 1 ;
the 0. p: Per cent. helow the 0.74 per cent. equivalent FO
SE€L cent, y On a grade of this

ley,
8th : mcompensated grade.
fon 1t wi] g greater

9 € pe X b.e possible to haul nearly 25 per cent

Perag, (r) train, thereby securing a very large economy 1n
Oomn T a smal] expenditure of money.

o lo oation o Low Crades.—The effect of curvature

. 8T . S
Dro"‘de ades is generally greater than on heavy grades,
fied by the

::):I i eth € length of train is what would be justi :

e ey 0 speaking of low grades, levels, 0.1 P€T cent.,
. On d g 0.3 per cent. grades are referred to.

5 e o r attention should be

i R 14%0r level, at plaCf':S
ine in moving 1

gs each track should

k railroads, particula
» Whether uphill, downhil
hav r. dlrectiorsl being t'aken by the en
: its tang, . O'n virtual level grade S T
dowuhill €nts slightly raised and its curves slightly If-
ke, o 0d ¢ > S0 that the pull by the engine may be umf
ahepln 1€ resistance of the line constant. The v?.lue o
01,? B ee line resistance constant becomes mOre 1mpf);t(;
anJec.tions tength.Of the train increases. Ome of the prl
liald 0 thig :)1 hauling 5 long train is the danger of par;ﬂtlg;
SI: i§ Crook alger curvature plays an important part. I i
th:k of the ed, having many short curves, it is usual fotr
of ) '8ing train to he constantly taken up and let ot'lu 2 s
fas:he traip ul.ls out on a bit of straight track, v.vhen t ei ;ate
iy er ¢ an 1S bunched on the curves, it will accele :
ad\vatch- the other end of the train. Unless the engmeet
iy rawbar.g’ and using the brakes slightlys he may pull Z;ln
"nco % 2 oy, ' OD the other hand, the front end of the tr
Vis fo te, and the rear end on straight track,
€ rear end to run in on the front end,
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a knuckle. It should not be supposed that it is impossible
to have different classes of compensation on each track of
a double track railroad.

Super-Elevation.—From a scientific standpoint (not al-
ways from a financial view), it is evident that a six-track
railroad is the most desirable for a road that handles a three-
speed service. This will give a passenger track, a fast
freight track, and a slow freight track in each direction.
Without attempting to discuss at this time what will be
gained by the operation of a six-track railroad, it should be
said that as many tracks as possible are justified if a stand-
point of super-elevation alone is considered. Of course, it
becomes necessary for a train to stop occasionally on a
curve, and for that particular case the super-elevation is al-
ways wrong.

Inasmuch as no super-elevation at all is necessary at
very low speeds, it may be eliminated entirely on tracks
that are used exclusively for standing cars, and very low
super-elevation, if any, should be used in yard tracks.

On a single-track railroad carrying more than one class
of traffic, there are two ways to treat super-elevation :

(1) Make the freight tonnage rating as great as pos-
sible, and in accordance with the ruling grade. In this
case, it will be necessary to elevate the curves for freight
speed, and run the passenger trains slowly over the ruling
grades.

(2) Use a higher super-elevation for passenger speeds,
and decrease the tonnage rating to make up for the increas-
ed resistance caused by the wheels of the freight trains
binding against the lower rail. %

Single-track railroads which are crooked can rarely haul
as high a percentage of rating as double-track railroads, on
account of the super-elevation being wrong. It is very easy
to see that every down-grade becomes an up-grade for move-
ments in the opposite direction on a single-track road.
Inasmuch as the movement downhill is likely to be faster
than the it is uphill, the super-elevation must be made for
the downhill movement or introduce speed limits on down-
hill trains.

Resistance, Train, Total, Including Track.—On single
lines that are exclusively for freight, super-elevation om
ruling grades should be made for not over 15 miles per
hour. It is less expensive to slow down the descending
movement than to reduce tommage rating on account of ex-
cessive super-elevation.

This is especially true on curves of large central angle.
As an example, a curve of 18 deg. is cited. Two engines
(one helping) hauling 3,500 tons of coal ordinarily stalled
on an 8 deg. 3o ft. curve with 185 deg. central angle with
514-in, elevation. The elevation was reduced to 3 ins. and
no difficulty was had. This curve was compensated .04 per
degree and was an 0.85 per cent. grade.

On many mountain roads a long train may be on seven
or eight curves at once, and when such is the case, observa-
tion of minor points is of great value when tonnage is the
main issue. ;

spirals.—Without discussing the theory ot the spiral as

affecting railway grades, it should be said that the object of

the spiral is twofold:

(1) To afford a run-off and a run-on from a level cross-
section to a super-elevated cross-section.

(2) To ease the horizontal passage from a straight line
to a curve. )

It is evident that in passing from 2 level position to a
super-elevated position, when the inner rail of the curve is
laid at grade, the centre of gravity of the mass of the train
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must be raised through a distance equal to one-half the
super-elevation. This is generally a minor rise, but in or-
der to haul uniform tonnage this minor point should be
carefully observed, especially where limiting conditions are
found, such as places near the end of a long-continued ef-
fort. It has been proposed in the past that the inner rail be
depressed a distance equal to one-half of the super-elevation,
and the outer rail be raised the same amount. While this
has been objected to by some railroad men, it can certainly
be dome and so maintained, and from a tonnage hauiage
standpoint it is desirable. It is submitted that the railway
of the future, which is scientifically operated, will find con-
ditions such as these limiting their tonnage unless care is
taken. While it might be said that refinements in the track
are unimportant, it should be borne in mind that, in order to
realize the full value of improvements, these matters must
be taken into consideration. A combination of correct con-
ditions results in the most effective operation.

Reverse Curves.—Curves that reverse without any
tangent between them mean operating expense. Not only
must the super-elevation change abruptly, but the trucks
must change their position in the same manner. It is con-
sidered good practice to leave room between the points of
spiral for four freight cars to straighten up after they change
direction. Omn most new construction, provision is made
for at least 1,000 ft. between curves, and this practice is re-
commended unless great expemse is involved.

Effects of Tunnels.—Many railroads are suffering to-
day on account of the fact that during the carly days of con-
struction it was not thoroughly realized that a tunnel might
be a limiting feature.” The following are the causes of the
limiting effect of tunnels: (1) A tunnel is dark, making the
crew less confident. (2) A derailment in a tunnel is almost
sure to result in serious damage and loss. (3) The heat in
long tunnels, especially if of small section, is intense. (4)
The track conditions, such as line and surface, are never as
good as on the outside. (5) The rail is generally damp,
causing either the excessive use of sand, or the slipping of
drivers. (6) Drainage in tunnels is usually bad, and dif-
ficult to improve. (7) There are usually speed restrictions/
in tunnels. (8) It was formerly the practice to carry maxi-
mum grades through tunnels in order to shorten them. This
serious defect in many cases makes tumnels the ruling
points. (o) In tunnels of small section the use of helper en-
gines is undesirable on account of the heat. (10) The smoke
and gas add to discomfort of operation. (11) The. imprac-
ticability of firing in long tunnels causes a drop in steam
pressure.

There have been many plans devised for tunnel ventila-
tion. Most of them are successful under some circumstances,
but none is successful under all conditions. Long tunnels
are generally built by means of shafts, and these shafts are
sometimes left open to aid the ventilation. If the heat in
the tunnel is greater than that outside, shafts will help when
the atmosphere is low in humidity. When the humidity is
high, shafts make but little difference in tunnel conditions.
This is unfortunate, as tunmels at such times are very foul.
Disc fans used in the shaft will operate satisfactorily some-
times, but their efficiency seems to vary about the same as
the open shaft. Pure air blown down shafts is successful
at times, but if the shaft is near the centre, it generally hap-
pens that only one end of the tunnel is cleared out, the air
remaining stationary at the other.

The Churchill system of ventilation, by which pure air
is blown through the tunnel from one end through nozzles
fitted at the sides of the tunnel, is successful, if the engine-
men operate the locomotive so that the smoke is blown
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ahead of the engine. If two engines are used aheaé onb
train, and it is necessary to work the second engin®
position of the fromt engineer is unbearable. If one el
is used in the rear and one in front, and the smoke 20¢ °
from the second engine reaches -the first one, the front e
gine crew are in the same position as in the case e
double-header, but if the train is skilfully handleds o
smoke and gas of the rear engine will not reach ﬂ_‘e ?nly’
engine. In tunnels where the grade inside is CODSId_"’ra 0
less than the ruling grade, it is sometimes found POsmble'.
shut off one engine entirely, and in that case there is no e
ficulty, provided that the train does mot move faster thal
air current.

3
The natural tendency is to drive the engine 25 bard a;
possible through the tunnel on a heavy grade in Ofder,to the
through quickly. The speed of the air currents n 1008
Churchill system of ventilation in a tunnel 2 mile gis
usually averages about 8% miles an hour over the whole its
tance. If the tunnel is being worked to anywhere ne?rusjy
capacity, the additional time in the tunnel may S 8
limit the number of trains that may be put througb: ‘e
been found, however, that if the tunnel is cleaned out B
ventilating apparatus before the passage of each traifh g
s Little difficulty in getting through. . As a rule, tHERS
crews prefer this method. that
Double-track tunnels are of sufficient section 59  the
there is little discomfort in a tunnel a mile long, eveln'i i
locomotive is fired all the way through. The pfactlce-ted

Europe has always been much better than that in the gectio®
States in that even with single-track tunnels thel * e
has been large enough so that they are less unco® is

than those in this country. Tunnel ventilation in Eur® itk
largely restricted to the dilution of locomotive g2 48
plenty of fresh air rather than driving the smoke
ahead of the engine. -
In the construction of new tunnels, an effort s 5ide”
ways be made to reduce the grade in the tunnel coB® 1 of
ably below the ruling grade, so that there may be o 2 e
touching the fire during the passage through the
Ample section to secure good conditions is essentidh . e
connection it should be noted that the effect of 1ong.. to it
track tunnels of narrow section on the ruling grade lt st
duce the tonnage rating in the tunnel by 10 per cent. 2

_—- 1

THREE NEW ALLOYS.

In their last official report as chemists to the A% we¥
Institute of Metals, Arthur D. Little, Inc., of Bost™* ‘g%
tion three new alloys among the various items © rel
gress in the metal industry. g
A French patent has recently been issued C?Veﬂz il
production of two types of alloys from copper, 210€ tancew
con which are claimed to possess great tenacitys 1ol nisll""i
acids and alkalis and to be capable of rolling int0
shapes. Me

Another new alloy has been patented by the
Company, composed of iron, nickel and copper
claimed to be non-corrosive, malleable, of gred
strength and capable of being rolled, drawn OF G n

A new type of pyrophoric alloy has been pates
Germany which consists of the addition of 5 per ceR
lic cerium to an alloy of manganese and antimony- s al
ventor claims excellent pyrophoric properties from of i
which is essentially different from the other alloy® ropb"“
type in which cerium is the main source of the PY
characteristics.
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COSTS OF CONCRETE .PAVEMENTS.

P

In DPaper before the American Society of Engineers
D. ;Sg‘i‘racmrs, and reprinted in the_] ournal of the Sf)cietyl,
POrtlandoé 50, C. M. Boynton, inspecting engineer, Umvers:
ethods ement Company, writes on ‘‘Concrete .Pavemen.,
Stract and Cost of Construction.” The following data 1S

,ed f[‘norn same :—
"Omsen ‘:Dalysi§ of the material Costs of one-course and t.wg:c
3 to be (:]rk will show that the difference is SO Very slig i
Matioy 5 Oubfful of estimation. However close an applxl'om
Ore, it ‘:. estimate may be, it cannot be .exact, and, t e;e;
€ miin ! l'e.adily be seen in the following formulas t :t
Recessari] consideration in choice of type of paVe.ment.mud
€ t V. be dependent upon the materials avyailable; an
¢ chosen will be that to which thy are best adapted.

This
f y
Rmpor(t)iz?lma 1s based on Taylor & Thompson’s Table of

Onsiq,

"TIng: C equal cost of cement per barrel,

G equal cost of gravel per cubic yard,
S equal cost of sand per cubic yard.
-course work of 1:2:3 mix, 7 ins.

oSt per square yard of pavement is ..325C ;?lus
°°mp°s§;us -146G ; while for two-course work, 7 DS tthk:
t Of 1:2% :5 base, and a 1:1% top mortarn i p

€ria]
ug .Ic3o3s(t; Per square yard of pavement is .342C plus 10455

angd

T
hen, for one thick, the

Atery al
99758

o l;ese two formulas show the tendency to equalize the
 Uties ansman compensating differences in the several quan-
are given here to illustrate this point.

i i J al
Cost h gPOd equipment and an average gang the actu
not exceed 7 cents. per

Squay, MiXing and placing should
sf Yard for ; ins. of concrete. To this should be added
°f 3 cents per square yard for finishing and labor

1 for one-
As has
of plac-
in favor

e
cOur::a::’ for handling the forms, making 2 .tota
}’een Sta otk of 10 cents for mixing and placing:
g sin'glted’ there is a slight difference in the oSt
the . 20d two-course work, with the advantage
¢ former, {
e acmg expansion joints is such a simple operatxion tha:
be ad :)er SQuare yard should cover the cost. To fhlser;‘fn
the 5oy, the cost of metal joint and tarred felt de¥1ver
; (Tr the cost of filling the joint with 2 plastic filler.
o . City Streets the water supply is not 2 problem ; but

Ountry 1 : ul or
' pi 1 ;y highways, where it is necessary efther‘to. hile to
gk ater a considerable distance, it 15 advisa

“ost a- e survey of the situation. IP estimating thf
dagy, o Vter the amount required for keeping the pavemen
this .s or a.period of five days must not be neglected, and a?

A0 indcfinte quantity dependent upon weather cO¥

dig;
ons, , On
the °nly an approximate cost can be suggested:
for each road

B e County, Michigan, work the water 3 b
3-50 per day (the wage for a man }OOkmg a;ing
i %), plus oil and gasoline required 17 Al T
Mﬂw 1 1¢ and pump. Water for the Mukwanago
thig N € €OSts 13/ cents per cubic yard of pavem'ent. ¥
OF it °¢ the water is purchased from the city of MIWED e':
.eq‘lip : Wbs.© In both cases the contractor’s and bullde;'p-
M8, oo | DUSt include the necessary engines: iy
T
highwhe COst of hauling water for use in constrUCting' countr;f
s’dera- S of concrete is often an item WOrthy Of-C?Ief\.ll cz:ll_
he method of supplying water by piping 18 e

i omical.
li, Watethe majority of contractors as mOst u:zo:lhe pipe
N : ; ress

8 o S available under sufficient P thus eliminat-

1 0 be ¥ 7

of engiy- 2ttached directly to the city main ATy

“k or i and. pump, but where water is _taken gror:mp will
I in vicinity of work, an engine a7 P
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be required. The cost of gasoline engines varies with rated
horse-power from approximately $105 for a 2-h.p. engine to
$320 for a 9-h.p. The cost of pumps would vary according
to the capacity pressure required and the conditions under
which work would be performed.

On one job in the vicinity of Milwaukee, 7,200 lin. ft. of
2-in. pipe at $6.80 per 100 ft. cost $489.60, and the laying,
$20 per mile, amounting to $27.20, makes the total cost
$516.80, or $o.72 per foot. On the other job 11,200 ft. of
2-in. pipe cost $1,008 laid, or $.09 per foot. For supplying
water, the city of Milwaukee received $.005 per cubic yard
of concrete mixed and $.005 for each square yard of pave-
ment, making a cost of $.00583 per square yard of finished
pavement,

Where the construction is small, the installation of .ef-
ficient pumping equipment may not be justified, in which
case hauling in tank wagons can be resorted to. One team
hauling tanks having upwards of 350 gals. capacity will
supply a mixer of % cu. yd. with sufficient water for a day’s
run, provided the haul is 1} miles or less. On one job of
4,800 sq. yds. in Wisconsin the water cost $75 for the entire
work, plus the cost of hauling and pumping, which was $7
a day for 19 days. Another contract was $10 for water and
$4 a day for hauling. This work covered 3,500 sq. yds., but
the haul was short and one team working half a day could
keep the mixer supplied.

In discussing the cost of concrete pavements, a few ex-
amples of actual construction will help to make clear the di-
vision of expense. The first pavement was laid recently in
2 small town in the central part of Illinois, totaling 5,000 sq.
vds. The total cost of the work was $3,064.02, excluding
cost of equipment, which consisted of a % yd. Koehring
mixer of the latest type and a 4%-h.p. gasoline engine, and
also excluding the cost of the water for mixing and
sprinkling. The pavement was 45 ft. wide and uniformly 5
ins. thick. The cost of the work was divided as follows :—

Toh Ty o e visyeLa Lo o e e B e i L SR B S L $ 140.00
1,487 bbls. cement ....osiiiiaiiiiiias i e e 1,547.15
Sand, stone and wravel . ... ... i oGl e 5284207
T DO et b s vt eiiuinte AR A = e b o e 560.07
Lumber and forms 2iiiveinsnes AP R S ) ke O 35.00
Bitumen and creosoted blocks for joints .......... 48.67
Coal and oil for mixer and engine ............... 30.75
Ay At ION s L AR A8 T LS. T i e Fcetia T 307.41

A summation of these figures gives the cost of this road
as $4.76 per cubic yard or $o0.79 per square yard.

During the summer of 1912 Milwaukee County, Wiscon-
sin, constructed several concrete highways to the south and
southwest of Milwaukee. Data on a two days’ run from one
of these jobs were collected. Twenty-four men and a % yd.
Smith mixer of the dumping type were able to place 94.1
cu. yds. or 470 sq. vds. of o-ft. road 7 ins. thick at a total
cost of $364.41, exclusive of cost of grading and interest and
depreciation on equipment. The materials were furnished
free to the contractor on the siding nearest the work and
hauled to the job at his expense.

In figuring the cost of the road, the cost of materials to
the county was included with the cost of mixing and placing
carried by the contractor, and are itemized as follows:—

111.5 bbls. cement ......coiiiiiiiieiiiaiiiiiinnnn $115.96
93 yds. bank-run gravel ..... S LT TR R T et 04.86
Water piped from the City «.....ooeiuiiieeieenenns 19.27
Baker protection plates for expansion joints ....... 20.07
Coal and oil for engine .........ceevveeviueeenunna.. 4.00
TaBOR) | s dios wtca hials oaeiarsra ses st it sheons Woniraiede grass s i le 101.25

This gives a cost per cubic yard of $3.98 and $o0.79%
per square yard.
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Another piece of construction work for Milwaukee was
a road 18 ft. wide and 7 ins. thick. The work was done by
20 men, using a % yd. Chain Belt mixer with chute delivery.
The water was piped along the road from the city as in the
preceding case, but a 4%-h.p. gasoline engine was necessary
to force the water up to the head required. The work re-
corded covered a period of four days and cost $1,128.46, ex-
clusive of equipment and grading. The cost of piping and
water for this and the preceding job was fully accounted for
in a former paragraph. The cost of the work was divided as
follows :—

4T bbls s CEMeREHG b TRkl gl b s boan ekl $430.92
92 yds. sand and 152.3 yds. gravel ......cocceeneans 340.84
LT e A e i OB PR o 60.20
Baker protection plates for expansion joints........ 76.50
Coal and oil for mixer and engine..............cox+ 7.50
Lo O T e b ok b ot s, andrh e (Waia o (A ik o5 syAgSe e et e oy s 232.50

From these figures we arrive at a cost of $4.70 per cubic
yard and $o0.91 per square yard for the pavement.

In southwestern Michigan a short strip 708 ft. long, 9 ft.
wide and 7 ins. thick of 1:2:4 concrete cost $717.83, ex-
clusive of grading, equipment and water. The equipment
consisted of a 7-cu. ft. Clover Leaf mixer, necessary wheel-
barrows and shovels and lumber for forms. The gang on
this road was much smaller than that of any of the other
roads. Details of the cost were:—

225 DBIS,  CEMERL & +.nsvts mevinassoarstousaanscssanss $234.00
G0 Fs. BABG. <ottt ahisiuin s Sopantg s wk € 2 S $ Bt 37.50
136.35 yds. ravel .........ocoeiieiininieceents 54 300:34
Gasoline and oil for mixer ......ceccceeeeeencecreecs 10.00
BaKeT i DIatEs: o Satsrs o wietuntatiotoszisis $58 8o e 4 S5k =laiviais oie 06.00
o0 SR S L s el e N MR S XIS 144.00

This gives a cost per cubic yard of $4.68 and per square
yard of $o.91. i

In the west central part of Michigan 2,586 ft. of concrete
o ft. 2 ins. wide and .55 of a foot thick were constructed by
a township as an experiment. A gang of 12 men using a 7-
cu. ft. side delivery Koehring mixer did the work for a total
cost of $3,302.62, divided approximately as follows :—

746 bbls, Cement. . .....cveooncnaasaeacearoancete $ 870.00
655.0 yds. sand and gravel .........c.ooioeeenenes 553.28
Baker protection plates and filler ..............c.. 170.12
B e el e Ve P e 1 s Sl v D o e 1,690.56

These figures give a cost of $7.28 per cubic yard or
$1.31 per square vard. Had the cost of grading, excavation
and culverts been added to the above, the cost of pavement
would have been increased to $8.73 per cubic yard or $1.46
per square yard. '

The following work was constructed in the north central
part of Illinois during October and part of November of last
year. The road is 5.500 ft. long, 12 ft. wide and has a uni-
form thickness of 6 ins. The total cost, not including water,
macadam shoulders and equipment, was $7,080.42. The
equipment consisted of a % yd. Koehring mixer, road grader,
plows, scrapers, road roller and the necessary wheelbarrows
and shovels. The cost was as follows:—

2,274 DBlS. CEMENt .o.ccnvninoinirviasennianeiens $2,333.65
720 7a8: | SABd L TR RAL S g oo s TGS el s 582.49
1,188 75, gravel il iihiiae s ene suis s imshb L 1,787.93
Operative €ost Of MIXEr . ..t oeovomeeriateecaas 51.99
Baker plates and creosoted wood blocks for ex-

PANSION JOINES .+ .ovvvvvorernrerronnssodeanns 160.03
955 15 e 1 B e P A PR EN A R ol <R 2,282.52

The total of these figures determines the cost per cubic
yard as $5.80 or $0.96 per square yard. No information was
obtained on the cost of water for this work.

METHODS OF ESTIMATING STREAM FLOW

WHEN STREAMS ARE FROZEN.”

By W. G. Hoyt.}

The usual methods of obtaining daily disc
streams under open-water conditions may be
as follows: Daily gauge heights are obtained from
maintained at a permanent datum. Current meter
ments are made to determine the flow at different S
the river. The results of these measurements aré P
with gauge heights as ordinates and discharge in
feet as abscissas. A curve is drawn through these p
points and the daily discharge is obtained by 2
the mean daily gauge heights to the curve.
channel is fairly permanent, such a curve will rem
stant and measurements made from year to year will P
close proximity to it.
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Fig. 1.—Open-Water Rating Curve for Rain
International Falls, Minn.
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conditions affecting stream flow are liable to be prelation
which tend to destroy the otherwise fairly constant rsa 10
between stage and discharge, thus making it neces e

employ special methods to arrive at the true daily disc
(Fig. 1.)

winter estimates. The accuracy of the results wi
largely on the frequency of the measurements, and, *
nection with records of gauge heights, temperaturé:
tation and ice conditions, they form the basis for €5
of flow. :
Precipitation is the cause of all run-off, and since
perature is the controlling factor in regulating
which winter precipitation reaches the streams; !
that temperature is, in general, the most jmportant g
ing factor and should be given special cons
making winter estimates of runoff.

Estimates of stream flow under winter
be made by the following methods:

* Abstract of work of the United States
Survey.

+ District Engineer, Water Resources Branch,
States Geological Survey, Old Capitol Building,
Minn.
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L. B . {
Surfaee ty the application of the gauge heights of the water
c°ntr011ino the.ODen'Water rating, when it is known that the
ackwat & Point for the gauge is clear of ice and that no

2 er €Xists at the gauge. :

ali’ddevel(’ping a curve based on discharge measure-

; Bauge heights to the water surface to which is
rectly, t ! . 7

b erver, yithe open water-gauge heights as taken by

3 Bag;
Mengg ta]scl-ng .the flow directly upon discharge measure-
8augy 1 - '€ I0to account the climate, ice conditions and
(e helghts. s

i a B . .

dlSChargey the.eye method, working directly with the daily
SDectioy, ’ogfarymg it between times of measurement by 1n-
8ayge heigh the temperature and precipitation records and
nearby stait:;txf; and adjusting by comparison of results for
: By :

he,ght an-d applying the open water rating to the gauge
termj applying to these discharges a coefficient as de-

in ;
-ac°°rding att times of measurements, varying the coefficient
fce c°nditiozsa knowledge of temperature, precipitation and
COMPUT
ATIQ)
. NIE\XRN OF FLOW DURING WINTER PERIODS OF-cescorererrsssscssssssesssrees RIVER
[ e MONTH  OF coveeeereessserrescnnci loar.
. RE 14
Doy | M. Min, |Pre- | 1ce |Gage | Esti- | Effec Esti- |
Tem, it Cipi~ [Thick- |Heightimated tive [mated| Notes
L P|Temp. +ation| ness | Woter| Bock- Gage | Dis—
l\ Surfoce Worter |Height charge|
] [
S o
: /45:
Meay =
TOTAL MEAN :
Sec~F¥: per sq. Mile Compu‘l'-ef‘w
RU';O‘EOI;FEﬁh in I:_chis ch etg:fed
unoff in Acre Fee | by
Accuracy f

Fi
8. g
""eors :gg"s“d Form of Special Computation Sheet
and Estimates of Stream Flow Beneath Ice.

for

(C) B
?::atuTE, zr';h.e 8raphic method, plotting the records of tem-
a ® a CIbitation and gauge heights to the water Sur—
Uply to ¢ ftermining the amount of correction necessarty to
tioy, table n‘]’agauge heights in order that the ",I"°:“".vater ra::
tiop b_etWeen }; be used, basing the variation in this corré‘:a-
Iyins N gay ‘mes of measurements directly on the var:a.

8 the s 8¢ heights and temperature conditions and modl-
AMe by record of precipitation and ice conditions-

lo €
Catig,, >CCura, i the
Doj tion o . '2Y of Method 1 depends primarily upon

0
i h-ts in 'th:;he Station. Stations are now located at sevet}
mefﬁvin excUmted States and Canada at which this methh
i n oenent results, but, as their number is few, toe
Dy, he cUnly be used in special cases. 4
ber Tacy of Method 2 will depend largely upon ¢

of A4: 5
T dis . to
e Cury, charge measurements and their conformltz s
se

(i Sta ie(; It is believed that this method can be ©
The ns than can
q Method 1.

Meth : : ically
Meti?& ing S?:tsiodescrilbed o W zppl'y atciI:;ittlions
1 ;ations which 2 . ice *
tyeg .3 () ich are affected bY ¢ it is be

g (:hthat 3 LS) the one now commonly used,
Uty 12t Moy, - 204 3 (c) will give better Test
°d 3 (c), which is described more
Advantage over either 3 (a) or 3 (b).

1ts than 3 (a)
fully here-
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A discharge measurement taken under ice conditions,
when plotted to the open water gauge heights (Fig. 1), will
always plot either on the open water curve or to the left,
showing that the disturbing conditions result in a back-
water effect. Therefore, to arrive at the true flow for a
given gauge height it is only necessary to determine the
magnitude of this backwater effect at the gauge. Since the
formation of ice is due entirely to climatic conditions, it fol-
lows in general that the amount of backwater varies directly
with climatic conditions.

Having determined accurately the amount of backwater
at stated intervals by discharge measurements, it is possible
to determine the backwater effect between times of measure-
ment by constructing a curve of backwater. Such a curve
can be drawn by following the observed gauge heights and
the climatic and other conditions which cause the backwater.

The development of this method has been largely based
on studies made during the winter of 1911 and 1912 on the
Rainy River, at International Falls, Minn. At this point
there is a regular current meter gauging station just below
the plant of the Minnesota and Ontario Power and Paper
Company. The Canadian Department of Public Works de-
termines the flow at the plant by means of wheel ratings and
the same flow is also computed by the United States Geo-
logical Survey at its regular gauging station. The average
monthly variation in flow, as determined by these two methods
during the five months from June to October, 1912, was
0.75 per cent,

The Rainy River, for some miles below the power plant,
has a very slight slope, so that notwithstanding the fact that
this part is usually free from ice, due possibly to the presence
of acid from the paper mill and to the agitation of the water
as it passes through the wheels, there is more or less back-
water effect due to the formation of ice which occurs below
the open water stretch.

We have, therefore, at this point a gauge station which
is so affected by ice that the regular methods of computation
of daily discharge do not apply, and also a station where the
true daily flow is obtained, so that data are available for
studying the effect of the ice. This study has been made
graphically on Fig. 2, which shows the following curves:

1. The observed daily wgauge height for the gauging
station below the dam.

2. The corrected daily gauge height obtained by using
the rating table for the station below the dam and finding
the daily gauge height corresponding to the daily discharge
given by the records of flow through the plant (no water
passes over the dam).

3. The mean daily temperature at the gauging station.

4. The daily precipitation at the gauging station.

5. The daily backwater effect obtained by taking the dif-
ference between the observed and corrected gauge height
curves, which shows the amount which the recorded gauge
height reading should be corrected to give a gauge height
which will, when used with the open water rating table, give
the true discharge,

A study of the mean temperature curve and the back-
water curve shows that these two curves tend to follow the
same general direction, which confirms the assumptions pre-
viously stated. This is also borne out by records at other
stations, and it is therefore believed that this relation will
hold on the average steam, unless it is destroyed by unusuai
precipitation or ice conditions; that is, ice jams which can-
not be taken into account in the construction of the back-
water curve.

Based on this assumption, it is possible to construct the
backwater curve from a comparatively few measurements of
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discharge distributed through the period affected by ice from
which the backwater effect on the days on which they are
taken can be obtained. By plotting these values as ordinates
and days as abscissas under a daily temperature curve, it is
possible to draw 4 curve through the point so plotted, follow-
ing the same general shape as the temperature curve, which
will give the backwater conditions for each day. In draw-
ing this curve, account should be taken of the daily precipita-
tion and of ice jams or other unusual conditions which may
introduce backwater effect.

The circles plotted with the backwater curve (Fig. 2)
show the backwater as determined from the discharge mea-
surements on various days during the period in question. If
these and the temperature records had been the only data
available, a backwater curve could have been drawn which
would have approximated the true backwater curve which
was obtained from the daily records of flow over the dam.
Of course care must be taken to study all the possible con-
ditions which may affect the estimates.
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Fig. 2.—Various Observations at Rainy River Gauging

Station, International Falls, Minn., November 1, 1911

to Anril 8, 1912.

(The observed gauge heights have been corrected on the
basis of the backwater curve. The mean temperature was
averaged in s-day periods. The backwater observations were
taken at the gauge. The full circles on and near the back-
water curve indicate dates of current meter measurements).

Aside from giving more accurate results, this method
has an advantage over any Other method that has been de-
vised, in that it gives a complete record of all the steps
taken, so that the estimates may readily be reviewed or
checked by a second person and show at once exactly how
they were prepared.

The data necessary for use with this method are:

1. Daily gauge heights observed to the water surface
through a hole made in the ice if the section is frozen over.

2. Records of daily temperature at the gauging station.

3. Record of mean precipitation over the drainage area

above the gauging station.
4. Measurcments of discharge* at intervals during the

period when frozen conditions existed.

*See “Engineering News,”” Sept. 12, 1012, for methods
of making.
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As already stated, the accuracy of this method w1f11 31;
pend upon the frequency of these measurements. et
winter conditions are more or less constant, less f.req of
measurements will be required, as it is during per’? SS of
thaws that the principal uncertainties occur. Regardles d
this method, a special computation sheet should be _“Se g
some fairly standard method followed, which wil o
winter estimates on a standard basis so that full reC.ords. 3
be had. The headings on the typical card given 12

are suggested for such a form.

; ] . . ce
In connection with this study, I wish to adva‘.‘ons of
following tentative conclusions, based upon observat!
conditions in Minnesota since the fall of 1911: a
aus™
I. Ice conditions usually cause backwater at the & O
: " £ f
2. Backwater increases rapidly at the beginning G
cold period, partly dropping off later. 5 o
d i
5. The amount of backwater will tend to vary ¥
temperature.
4. Stream flow will drop off suddenly, followll
period and will be partly regained later.

g 2 cold

5. Stream flow tends to decrease when tempefan.lgsaﬂi
below 32 degrees, but the flow tends to increase npe”
rise in temperature, especially when the minimu®

ture goes above 32 degrees Fahrenheit. o

: ! ab
6. A snow cover on the ice may cause increas®

water.
7. Flow may increase without a rise in gauge
to the wearing away of the ice,

ﬁeisht' %

—

5
SOME CANADIAN WATERWORKS sTATIST
e atef'
On the average each person in Canada served by dwpﬂ’
works uses 113 Imperial gallons of water a day o
$4.12 a year for it. ptio”
New Brunswick has the highest per capita C°nj"1um}4aﬂi'
in Canada, viz., 161 gallons per head per day, whi eer he’d
toba and Saskatchewan have the lowest—46 gallons pwestef’
per day. The more general use of meters in the ¥
provinces reduces waste and keeps the per capita © a co‘lﬂ'
tion down to about the same amount as in Europ®? can
tries. The people of Manitoba pay the highest pefof Nﬂ
rate for their water—$6.27 per year, while thos® yeafof
Brunswick come next with a per capita cost P*
$4.82. pE
The following table shows the estimated cost gail o
gallons, the estimated cost per capita, an the
sumption per capita:—

Estimated Daiw .
Estimated cost Su,gpt‘o
cost per per capita coﬂer p
1,000 gal. per year mI)an' g
Province. (cents) (dollars) ( 47
Nova Scotia ..... Py 3,470 8
Prince Edward Island 16.4 2.87 161
New Brunswick ...... 8.2 4.82 115
@aabea-sckgan. Tk o 9.5 3.92 120
ORLatio Vi i ALE AR 9.6 4.21 46
Masie . U 2t fa 20.6 3.46 4
Saskatchewan ....... 23. 3.86 137
ROl aEta i PO e 13. 6.27 115
British Columbia .... 8.2 3.44 e
—_— —_— 113
Canada ..ovodevvonss 10 4.12
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THE DEVELOPMENT OF FORT WILLIAM AND
PORT ARTHUR.

In connection with an article in this issue on Dock
Construction in Fort William and Port Arthur few people
realize that these twin cities, located 1,700 miles trom
the Atlantic and 1,900 miles from the Pacific, and prac-
tically midway between our Atlantic and Pacific coasts,
have, nevertheless, eighty per cent. of the total land area
of the Dominion lying westward of them. The wealth
of natural resources and the gigantic coming develop-
ment of the great western portion of the Dominion are
too well known to need comment here. The last harbor
in Canadian territory westward of our Great Lake Sys-
tems, it was the Canadian Pacific Railway, with its
creation of the twin cities as a transfer point hetween
rail and water traffic, that gave them their first hopeful
outlook as an important locality. Previous to that the
route to the west was by water past Fort William’ and
Port Arthur to Pigeon River, thence hy Rainy River and
Rainy Lake to Kenora. Of late years the making of
Fort William into a first-class harbor and the tying up
with it of the Grand Trunk Pacific and Canadian Northern
Railway systems seems to assure its future in no un-
certain terms.

It is doubtful whether the Hudson Bay route for the
transports of the products of the West to Great Britain
will ever prove as practical and feasible as some of our
governments and optimistic citizens seem to think. More-
over, notwithstanding the construction of the Panama
Canal and any subsequent diversion of Western traffic
by that route, there must always be a tremendous traffic
by rail and water between the east and west that will
tax the capacity of the railways to the utmost and build
up any cities which are located at the point of transfer
into places of great activity. There have been signs,
however, that Fort William and Port Arthur will not
have to depend for their progress and importance solely
on their location as the junction point of great rail and
water transportation systems. It is true the transportation
business at the head of the lakes requires the energy of
5,500 men, whose pay-roll amounts to over three million
dollars to handle same, but important manufactures are
also there. In 1912, the Canadian Car and Foundry
Company started to erect a plant which euarantees to
give employment to one thousand men for the first five
years. Numerous other manufacturers, including the
Atikokan Iron Company with a blast furnace of 200 tons
per day capacity are there located. In great measure
the citizens have to be grateful for the presence close
to their doors of three great water falls capable of de-
veloping about 145,000 horse-power and of supplying
energy to consumers at a cost ranging from fifteen to
twenty-five dollars per horse-power per annum. At the
Kakabeka Falls, close to Port Arthur, 45,000 horse-
power has already been developed, and more energy, as
we stated, is within easy reach.

The twin cities of Fort William and Port Arthur and
their citizens are bound to witness paralleling their own
expansion more of the material signs of the growth of
Western Canada than probably any other city in On-
tario. The northern shores of Lake Superior, with the
exception of possibilities from the opening and establish-
ment of extensive and great mining camps, does not,
as far as nature is concerned, hold out much hope for
the growth and support of a busy and modern city of
large population. The development of Port Arthur and
Fort William into such is a welcome sight, and is another
striking illustration of the attending constructive results
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of modern transport and railway systems in giving im-
petus and opportunity for the settlement and develop-
ment of civilization in localities where otherwise nature
is so inhospitable as to have delayed for many long years
any extensive inroad of civilized population.

—_——-

'THE UTILIZATION OF WASTE ROAD SPACE.

It has been very truthfully said that this is an age
distinguished for its utilization of waste products. Won-
derful advances have been made in this direction, and
are being made every day. The utilization applies, how-
ever, more to the cities and their manufacturing indus-
tries than it does to the country’s natural resources. In
the partly settled regions of the country especially, one
finds waste so enormous as to far offset beneficial gains
in other ways.

Travelling through our Canadian forests, for in-
stance, even where fire has not wrought havoc, one can-
not help being impressed by the waste of fallen and
rotting trees around, whose wood, as fuel, if obtainable
to the inhabitants of the slums of nearby cities, would
be a blessing and benefit. Our highway system might
also be classed as a waste of considerable magnitude.

Consider country roads. The general width of a
“right-of-way’’ is sixty-six feet. Of this sixty-six feet,
the road proper, with the ditches, occupies from twelve
to, say, twenty-two feet. That leaves two-thirds of our
“right-of-way,”” or five and one-third acres per mile,
unutilized in any beneficial way. In fact, in as far as
many road sides are usually a mass of weeds, whose
seeds are blown and carried on to neighboring farms,
they might be said to be an active agent for harm to
the community.

In Europe, the better roads are laid out with grass
sown on each side and in many places fruit trees, whose
products, handled by the Government, goes a long way
towards paying for the up-keep of the roads. Very few
people would consider it possible in America to ever
grow fruit trees by the roadside and expect to harvest
any products from same. Sad to relate, it would pro-
bably be looked upon by the travelling public of this
continent as some philanthropic scheme for the easing
and benefit of their gastronomic proclivities. It would
still leave the problem of utilizing waste road sides in
this country in some economically beneficial way unsolved.
Unless, however, one can devise such means, the return-
ing or renting (fencing off, if necessary), of unused por-
tions of our country roads to those who will cultivate and
put them to beneficial use, their ownership becomes a seri-
ous responsibility. Consider an ordinary township, divided
into thirty-six sections, with a sixty-six foot road allow-
ance between each, the road acreage amounts to 572.4
acres.  If one allows twenty-two feet for actual width
of ditches, etc., then there is left two-thirds of the acre-
age, or 382 acres, of land wasted per township. Figured
out, it would probably be within facts to state that ten
or twenty millions of acres will be lost as productive land
to the communities of Canada and the United States if
the side widths of road allowances be not utilized.

Country roads on this continent originally needed
a highway allowance of sixty-six feet, mainly because,
being in a forested country, it was necessary to protect
travel and the roadway from falling trees, forest fires,
ete. A width of sixty-six feet, with the road in the
centre, under those circumstances, was Very advisable.
As land becomes cleared, outside the benefits of a former
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roadbed, one fails to see why it would not be adv&™

tageous that the roads should be constructed solely “;
the right or left portion of the “right-of-way.’’ S“ﬁ;lh
W, r

course would leave a strip forty-four feet wide,
with a single fence, might well be rentable or WOF
and so reduce the cost of road maintenance itself.

kable,

It would certainly seem advisable, for the sake ¢
providing for possible future increase in traffic, that 1l
highway appropriations should continue to be the fu
sixty-six feet of width. The need, however, of highvf'ay
associations seriously solving the problem of maklﬂg
their spare road area productive is one that will grO‘
with age, and there appears in it a considerable and uﬂd
appreciated opening to save some of the cost of os

maintenance to the interested tax-payer.

———-—

EDITORIAL COMMENT.

An instance of the beneficial work being accOmPllsh s
by the International Joint Commission on Waterwg
between the United States and Canada has lateW,co in
to hand in a decision handed out by the Commissio? &
regard to the proposed dam to be built in the I?e hip
River at the head of the Livingstone Channel. is 5
channel is partly in Canadian and partly in Am_eﬂ;as
waters. Deepening the upper part of the channel, * "
thought, would have the effect of lowering t© gw
extent the depth of water in the river above, 2 dian
correct this a dam to Blois Blanc Island on the Can? st
side was to be built. The Canadian town of Ambef
burg complained that it would injure their water & |
and the question was referred to the Joint Internat!®,
Commission. The American interests urged the nece and
of the dam to safeguard the enormous traffic _“Pht be
down the Detroit River, and in this regard it migh g
mentioned that the tonnage on the Detroit River 1 togﬂs’
reached the amazing total of ninety-five million ™~
or over four times the amount of tonnage passing thr ated
the Suez Canal. The value of these shipments aggree’ ut
80 million dollars. The decision recently handedww,,
by the Commission in regard to the dyke which the .
of Amherstburg objected to, proposes to substl Fipe
dyke on the west side, which will have practiC cer
same effect in safeguarding navigation while it will
come the objections of the town of Ambherstburg: qy

The Commission has been busy all spring o" o the
internation questions, and is to be congratulate

splendid work it is doing.

—_—-_—

ELECTRIFICATION OF PANAMA RAILROAD'
2

of the Paﬂ:'r’,
for the ¥

Now that the relocation and reconstruction
Railroad is completed surveys are being made tﬂcm"
mission of power for the operation of the line by elec tio?
The Gatum hydro-electric plant which is under const . g%
will supply the energy required under normal €0 swaﬂ"
but there will also be a connection with the presen® 1t38°
driven electric plant at Miraflores. The transmissio? P ot
will be 44,00, and this potential will be stepped bt
various distribution centres for running the trains,
the canal, and supplying the power required for 0P8, et
the various machine shops, the gates, and other aPP pe fo*
at the dams and locks. Bridges of the customary dista”ce
carrying the cables, etc., will span the tracks, the Jing 10
between them varying from 200 ft to 300 ft., accor
the local curvature conditions of the railroad.
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THE CAUSE AND DETECTION OF WATER
WASTE.

H f- Property: owner pays for water waste in two ways.
re: Day§ in the form of a higher tax rate, for. new watersheds,
to SIVOIrs, tunnels and pumping plants which are necessary
wameeft the demands caused by waste, and he pays for the
Ste in his water bill. ‘

Sup I;eome think the water supply as plentifu} as th? a;’
a f: Y. They give no more thought of water dripping fro

UCet not in use than they do to the breath they exhal(?.
ma::ddgn,t know that a drip 1/32 of an inch in d'i;n:e;zr;re:}t;
oss °f~;1txhggme};}: value of water, represEentslelt sl
ea i ey let their faucets drip,

a0d give no heed. There is plenty of water.

eaHowever. as population increases, water consumpt1 it

- Ses and water supply decreases, and more and more.Id

nev:’m‘ES necessary to seek new sources of supply, to ’?“;Ln
Teservoirs, Water famine rears its ugly head. b

Y Tecognize that water should not be wasted and that

'osre Waste continues there must be compulsory Consei:fs-
. % City authorities force property owners to putimets
te by penaliz-

B o M :

ing ‘ell' bmldmgs with a view to decreasing was g

the ft € Owner for allowing waste. He pays the penalty 1
T of an increase in his water bill.

on in-

Take New York City, for example. Thanks to it

:;511 Water waste, taxpayers must pay $260,000,000 for art ne;

Omm of supply, $10,000,000 more for a tun.nel to ca frythe

Upkee € reservoirs and the constantly m°‘mt”;g C:}:; gistri-

utio P of the system. When the time comes ?r_ P in
U Of the new supply, new pipes must be laid in t

Str, . -

I:::1:3, f?r the old pipes will be unable to withstand ﬂ'lfd‘l::e:
Ang . iKeWise, new pipes must be laid in the bulc’ i
nd : ity mains Ié-

€ taxpayer will see the cost of the new ¢l
f::t;?t tlin his tax bil] and will giv'e the plumber more money
I g new pipes in his building.
Orag eNeW York’s water supply had been Pr
A Teservoirs, built at a cost of $50,
twg v~ ould have furnished a sufficient SUPP
4TS passed without a rainfall.

operly conserved,

000,000 or $60:'
ly, even though

Sty

i n
5 » ®ven with the precautions which have been take 1i
is to the interest of a

3Ste is still goj i

going on, and it 1 Alion a
fey, Yizrs’ unless they wish to give up an°the; hiﬂ;zl to see
thag ;0 De0ce, to make it their individual BOIEC g
0 ¢ 1S no waste of water in the Premises
or omupy.
g water should be
ful waste will not

L unti] thie s ose to discuss that
Subj, 1s is done, it is not the purpP the individual

ere. Tt is 3 e home to ;

De 1s intended to bring ox
Dense;t ¥ OWner or lessee the fact that he can reduce il:gs' i
tentj, atn 4 Conversely increase his divid?nds' by lle):l{ o e
p“‘:ketbool Water waste. A leak in a pipe 1S 2

A

1le it js held that all property usin

IIlete
Te
Stop d.and that the criminal or neglect

. dings used for

b‘l!zint the presen time in New York all buil cer-
taiy ) o> PUTposes are metered, as are buildings above: by
Dayg fmg}l t used for dwelling places. All other Pr pe is
baSed or its Water on a frontage. basis, that is, the Charg the
Ry, o% the number of front feet in the property 3 is no
Way in Of.Water closets, bathtubs, etc., served. There e
Drep; Which the city 'can detect the waste ORI man
Who S Which are rated on a front-foot basis. Thete be-
Cayg, 2YS on 5 meter basis pays for the front-foof was! !
trap (¢ Meter rate is higher, < Where the service PP
Dremisese City’g pipe) is an inch or more in diamete
3Te supposed to be metered.
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The meter rate, $1 per thousand cubic feet, averages
much higher than the frontage rate, but despite this, proper
supervision will make the water bill of the average metered
property lower than that of the overage front-foot premises.
The average consumption of water in a metered apartment
house containing one or two water closets and bath, is 1,500
cubic feet per month per family. This does not include, of
course, water used by the house plant for boiler, steam or
refrigerating purposes. In a metered tenement house where
there are no baths and water is used principally for domestic
purposes and toilets the consumption will average 500 cubic
feet per month,

In premises used for mercantile purposes the average
consumption is difficult to determine, varying with the in-
dustry pursued. The same condition obtains in hotels and
office buildings by reason of the fact that the occupancy of
the rooms and the number of people in them are constantly
changing.

In unmetered apartment houses there is a waste, on the
average, of fifty per cent. of the supply sent through the
pipes. This is due to negligence in caring for plumbing
fixtures and delay in repairing leaks. The waste caused by
leaks in water closets in unmetered apartment houses aver-
ages from 14,000 to 20,000 cubic feet a month, or a monetary
loss, on a meter basis, of from $14 to $20. Underground
leaks, overflowing roof tanks and the carelessness of tenants
who leave taps running are additional contributors to the
volume of waste. Some property owners assert that it is
cheaper to let the water waste than it is to pay the plumber’s
bill. Although they may not realize it, these property owners
are paying for the waste in their tax bills, but is it just to
those who are paying the higher meter rate that they should
also be compelled to pay for the waste caused by the owner
who, in his ignorance and greed, says, ‘‘Oh, let it run, it
doesn’t cost me anything ?”’

Unless there is a marked increase from month to month
in his bill the average owner of metered property is content
to pay and take no steps to ascertain if he is getting what
he is paying for. Or, perhaps, there is a small increase in
his bill for a certain month. He pays no attention to it. The
next month there is a still larger increase and he calls a
plumber to investigate. The plumber finds a leak. But the
owner must pay for the water he has not used. If this owner
had in his employ an expert supervisor who knew what
amount of water should be used, who could read the meter
registerings intelligently and detect leaks before they be-
came a charge on the property, the value of his services
would soon become apparent in the decreased cost of main-
tenance.

An instance is known of a bill for $goo for water used in
seven months in a seven-story metered apartment house,
sheltering twenty-one families and including a store. Inves-
tigation revealed a leak due to a defective valve in an under-
ground pipe on the house side of the meter. After the valve
had been replaced by a new one the water bill for six months’
consumption was $320. Since that time the total yearly bill
has been $740.

In a factory building where the consumption was nearly
33,000 cubic feet per month the owner erected a roof tank to
give a better supply to the upper floors. The consumption
at once jumped to 110,000 cubic feet a month. The plumber
neglected to put a ball float in the tank and the result was
that the extra pressure at night, due to the fact that the
supply was not being used, caused the tank to overflow.
When the overflow and the cause were revealed the proper
steps were taken to remedy them, and in the next three
months the consumption dropped to 33,000 cubic feet per
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month. The services of the expert cost $20 or $30. A The
owner saved $77 and guaranteed himself against continuing
to pay for water which he did not use.

In a certain hotel the water was used for refrigeration in
twelve ice boxes. The consumption was between 150,000 and
190,000 cubic feet per month. The owner called an expert
who told him something was wrong somewhere and that a
thorough investigation should be made. The owner took no
action, but the meter did and the water bills continued to
grow. Finally he ordered the investigation. The expert
found that water in a 2-inch overflow was running directly
into a sewer. It couldn’t do anything else by reason of the
construction of the ice machine. A new machine put the
consumption where it should be. How did the expert know
something was wrong? Because he knew that in the adjoin-
ing building, also used as a hotel, a larger building contain-
ing more rooms and occupants, and therefore using right-
fully more water than its neighbor, the consumption was
only 150,000 cubic feet a month in the coldest weather, and
in the summer as low as 115,000 cubic feet.

In a certain downtown office building, having an engine
room equipment of the highest efficiency, water bills were
found to be increasing regularly for the supply used on the
upper stories. At the beginning of the expert’s investiga-
tion the consumption was 15,000 cubic feet a day. He found
that a number of toilets on these floors were leaking steadily
day after day. His recommendations for the repairing of
fixtures were carried out and the consumption dropped to be-
tween 7,000 and 9,000 cubic feet a day.

Note that in the instances cited the owner is paying $1
for every thousand cubic feet of water wasted ; also saving
$1 on every thousand cubic feet not wasted.

In another large office building there is a restaurant on
the ground floor. The lessee put in an ice machine which
was consuming apparently, when the expert was called in to
explain why the water bill was so large, 305,000 cubic feet
per month. The expert found that the ice machine from 7
p.m. to 6 a.m. was throwing water into a tank which over-
flowed. The expert showed a method by which this water
could be utilized for other purposes than refrigeration and
the waste stopped, and at the end of thirty days the con-
sumrtion had been reduced to 135,000 gallons, the lessee was
getting greater service from less water and had reduced his
bills by $260 a month.

The owner of a tenement house having outside water
closets found his water bills increasing steadily, He called
in the expert, who found that defective hoppers, anti-freezing
toilets and fixtures in a bad state of repair and general
neglect were causing a large waste. In one closet showing
a defective hopper the water was running into the ground
through a hole in a sewer pipe. The meter was registering
35,000 cubic feet per month.  After the proper repairs had
been made the registration was from 1,500 to 2,000 cubic
feet per month.,

In the average metered business building experience has
shown that water closets will waste, on an average from
14,000 to 10,000 cubic feet per month. In a prominent res-
taurant the water consumption had been between 9,000 and
10,000 cubic feet per month. A leak in a toilet jumped this
.consumption to 39,000 cubic feet in a month. When it was
repaired the consumption returned to the first figure.

The causes of waste are many, and only an expert who
is constantly meeting with their variations can determine
their exact nature. In a large bread manufacturing plant
the consumption, without apparent cause, leaped from 285,000
cubic feet a month to 587,000 cubic feet. Theé expert called
to investigate found that while there were several points of
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waste the bulk of it was due to the forming of vegetation %%
an outside condenser used for refrigeration. The gToW
prevented the water from exercising its normal cooling power
on the apparatus, so that more water v_had to be used‘to
achieve the result that had formerly been brought about W
a smaller quantity. The recommendations of the expet
were carried out and the consumption reduced t0 abott
200,000 cubic feet per month.

The examples herewith cited, all of which are takeB i
actual records, amply show that the average property owne!
or lessee is making a good investment in engaging a o 5
petent individual or' firm to inspect his water supply planf
throughout the year; to take full charge of water bills 2%
make repairs to fixtures or piPes whenever they becor®
necessary. The owner or lessee seldom has the kno"’l‘gdgc
and experience necessary to enable him to ascertain the ond
or more causes which produce water waste, even if he coul
spare the time demanded for a thorough investigation. The
owner, as a rule, must rely on his agent to detect am <3
rect conditions which cause waste. The agent, for the mos
part, depends on the superintendent, the engineer OF I
janitor of the premises, and no one of these three is usual i
sufficiently versed in the knowledge and experience, wit
which he will seek in vain for an explanation of why
owner is called upon to pay for more water than he is using’
1ocaté
inatiﬁn
folloW”

A most striking example of how difficult it is to
some leaks, and how thoroughly all means of determ
must be employed to get at the truth, is shown by the
ing instance :—

In a manufacturing plant situated beside the watel fro;::
a certain meter began to register a large increasé i ¢
amount of water used. The owner told the expert that the
had been no actual increase in his consumption. A tCSting
the meter, which was one of several, some of them be of
connected, showed that it was registering properly. In of?
words, the amount of water it registered was passing througt
the pipes. All the other meters and pipes were tested oIt
the instruments failed to record a leak. Yet the expet® o,
sure there must be one somewhere. He told the owne* 5
shut off all the water. This was done, but the meter i 9 ee
tion continued in operation, still registering 2 flow 2 put
rate of 31,000 cubic feet a month. All water had beed 5,
off, but here was water running There was only one : %
to do—lay bare every bit of pipe connected to that metej
When the diggers had completed their work, a leak Wa% g
on the under side of the pipe. The water was spurting
the river without giving any sign of a leak.

—

STEEL FOUNDED RAILWAY CROSSING:

In most cases it is difficult to maintain a track effic®
at grade crossings owing to the tendency of the tr2 a,lclast
shift the crossings out of position and to crush the -
that supports it. An interesting ,development in this
nection is the use of steel longitudinal members 1 cuﬂi‘
the rails at the crossing, connected so as toO form a-tiom-
structure and to maintain the rails in the proper POt cies
This system has been applied to a grade crossing at MP
Ind., where a singe track electric interurban railway € Chi
two parallel main tracks of the Cleveland, CinCilm""thadiﬂs
cago, and St. Louis Railway on a curve having 2 an'd
of 17-07 ft. The daily traffic averages 64 electric €2 Dnd’
18 steam trains. Each rail is carried on two 6-n: h nE"’é
spaced 16 in. apart, and laid longitudinally with fh'e atrap‘
outward, connected at the bottom by 4 in. by §-16 1™ ;te 20
2 ft. apart, and at the top by a continuous 5-16 in. P
in. wide. ;
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NORTHERN ATLANTIC SHIPPING

Hon. J. p, Hazen, (minister of marine and fisheries), re-
U8 0 a question in the house of commons, remarked that
OIrIZperial Board of Trade, had concluded arra'ngements flcl)r
te ol;g' the location and the moverflents of ice along Le
o trans-Atlantic steamships during the s.prmg mont ts
S ippinnn?uncement is one of very great importance 3
the subg mteres.ts. The Titanic disaster of last s'prlqg" anf
this Stese(]Uent inquiry respecting it made the desua)bl'hty 0
ESpatc}rx)e;bundamly clear. For thi.s purpoge the STOtlaitV:(?:

0° West W?trlll t.he 8th .1nstant to latitude 44 north;1 oincge S

ang alSO’tO nstructions to' report on th‘e Yvay:fy e
One sq; endanor to note its southern limit. ter i

nOtinga’ the Scotia will proceed to St. Jo%m, Newff)un anst,

Ohn, 4 rel.)orting ice conditions met \.wth. ; While .atl ss-

Stationg ® Scotia will get into communication with a.ll wire ets

and a4 aon the Newfoundland, Labrador z}nc.i Canadlfu} coasné

the direci?ura_tely as possible ascertain existing condmon;a
. 10on in which the ice has commenced to move. from
2 (ijrnrilt’ sk Datrc,.l boat will proceed to and report thetssutt}il;
Wi, Cl’f t.he drifting ice. Having located and repor : i
ergs or ﬁlmltj the patrol will be northward to repc:lr .

S Ham; e]d.lce along the coast of Newfoundland, and as

ilton in]et,

servancz paftr?l is specially charged to.be vigilant

%ject of ©! ice nearing the steamship routes. - -
Ineg i the expedition is to give warning to t'he stea.Cinity

of ¢ € tr € Probable quantity of ice that w11¥ be in the.lwln 0

them 4 ick’ a“d_ to give them any information that will a ik
Struce; OIm a judgment as to the advisgb:hty of giving i

1905 for the greater safety of their vessels. On boar

OUa there are three scientists, the senior of whom will
1 the Movements of the vessel. They will take observa-

With :et € directions, velocity and depth of currents, tggiitllgzr
eteorolote_mperature and salinity of the w‘vatfar. Ir.l a . in:

veStigatiogICal observations of the upper air, mclud'ﬁlgISO -

carefun D of the currents and temperatu.re, will a s

e b fken, Acting in conjunction with the boar

frop, Bre concluded anarrangement whereby all messages

Quebe, . P10l boat will be forwarded to the signal oﬁ"lget:;
Ttieg and from there promptly furnished to all lnt‘er SSt

Lawre. In thig way the shipping interests at all the river e.

Vailiy, n.ce and Atlantic ports will be kept informed of the pre-

ICe conditions. )

.directi(:) SUbplement the work done by the Scotia under :]l;:
wherebn of the board of trade, I have made ar'rangeme e
el !;‘t € Marine and Fisheries Department will, '1mmest
I.aWre: fer the opening of navigation On the Rlve(r: bo;
“ait, °® despatch the C.G.S. Montcalm to patrol athe
“out c € entrance to the gulf, from Sydney harbor to

Oast of Newfoundland. - . .
be Tep ; \ocation and movements of the ice in this region W:"
Mop, 2rted and full information will be furnished fiall,\;,om_
Panj fQuently if foyunq necessary, to the steamship 3
MCGi]]. I.'lave also arranged that Professor H. i yX Ba;n:es;rs’
Cong A Miversity, who has, during the past several 3
Shayy N °¢ experiments on one of the departmental ! e
Sery; € on board the Montcalm while pervarm}ng this p.cm-
e, abot strait. By means of his inventiomn, the mi

. 1o si-
i mett;r, Professor Barnes has demonstrated the ,x,)::sel
% etermin: < by any
SQuipy, rmining the approach to ice BY FU ony

Schep, ° with hig apparatus. Eager to avail myse the

River that Promises to further safeguard R t‘:nes

With staqe Wrence, I have directed that Profem ]zrthe;

dery, » ff of assistants, shall join the ship in f”d“ i S0 its
Tate the utility of the invention, and with a view

OPtion by shipping interests.

Dblyj
the
rep
Toy

in the ob-
The chief
ship

1 steamers,
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THE USEFULNESS OF COUNTY ENGINEERS.

The economic need of highways has been recognized on
every hand, but the provision of a workable method for
building them is mot so easy to pass judgment upon. In
the March issue of The Iowa Engineer Mr. F. R. White and
Mr. J. H. Ames, assistant engineers of the Iowa Highway
Commission, discuss under a heading ““Is a County Engineer
Necessary P’ the need and advantages of county work which
has an engineer at the head of it. - A portion of this paper
is abstracted and published below.

As a basis of comparison, let us consider the mileage of
some of our largest railway systems to the mileage of our
state public highways. The (Chicago & Northwestern Rail-
way has 9,700 miles of track, and the Chicago, Milwaukee
& St. Paul Railway has 8,000 miles of track, or either of
these great systems has less than one-tenth of the mileage
that Towa has in her public highways. Going a little farther,
we find that the ten largest railway systems in the United
States have a combined mileage of 103,000 or an amount ap-
proximately equal to the miles of public roads of this state.

Fig. 1.—This 40-ft. Steel Span on 20-ft. Abutments has a
Drainage Area of Only 69 Acres. Cost $5,187.

Of highways, perhaps not more than fifteen per cent.
are what might be called ““main travelled”’ roads. In im-
proving our highways these main travelled roads will neces-
sarily be the first to be given consideration. When we con-
sider the amount of money to be spent upon this primary
system of highways in order to properly provide for the pre-
sent and anticipated future traffic, we are astounded at the
enormity of the undertaking. In the average county in the
state the cost of grading, draining, and gravelling the roads
will amount to about $2,500 per mile. The cost of improv-
ing the 15,300 miles of such roads will be about $38,250,000
or an average of $386,500 per county. This includes only
the ““main travelled”’ roads, and does not take account of the
amounts which the townships will spend on the township
road systems.

No accurate statistics are available regarding the num-
ber of the bridges in JTowa. Adair county in the southwest
part of the state has 4,200 bridges, of which over 2,000 are
twenty-foot span or above. The majority of these 4,200
bridges are of more or less temporary nature and will re-
quire attention soon. Polk county has g3o bridges with an
average span of 34 feet. Seven hundred and fifty of these
bridges are at the present time either wood or steel, and are
in very bad condition. This county has spent over $300,000
in the construction of 265 concrete structures which have an
average span of 10.5 feet.

From the statistics available it appears that the average
county has approximately 1,600 bridges. The average cost
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of replacing these structures with permanent work as shown
above will be about $1,000 per bridge, or the total cost for
building all the bridges of permanent construction will
amount to $1,600,000 per county, or for the ninety-nine coun-
ties in the state the cost of permanent bridges will be about
$158,400,000.

The state has expended in the past year, approximately
$7,500,000 on roads and bridges; an average of $76,000 for
each county. The proportionate expenditure for roads or for
bridges cannot be accurately determined, but the bridge fund
for the majority of the counties is close to $30,000 per year.
In addition to that, the townships spend a large amount of
their road fund on culvert work so that the funds as now
spent are about equally divided between roads and bridges.

Any railway operating on sound business principles
would have an efficient organization to superintend the ex-
penditure of any considerable amount of money. They
would demand complete plans and specifications and records
which would show itemized statements concerning every
dollar spent. No money would be paid out of the treasury
until it could be shown to the board of directors that it was
a legitimate expense. To secure these results they would
employ an efficient engineering organization to make the sur-
veys, establish the grades, write specifications, draw the
plans, superintend construction and keep the construction
records clear and straight.

Fig. 2.—A Good Example of Improper Location and
Excessive Length of Wing Wall.

Let us compare such an organization with the one in
vogue in many of the counties of the state. It is a fact that
the majority of the money spent on road work last year was
expended without a plan or profile on file to show where or
how the money was to be used.

Last season, one county confined the attention of their
elevating grader crew to a short strip of road, possibly three
miles in length. This work was in a hilly country where
much cutting and filling was necessary, yet no survey was
ever made of the road. When the work was completed, the
superintendent was unable to tell the total vardage of ma-
terial moved, or what the cost for moving the material had
been per cubic yard. Had plans been prepared for this work
and accurate cost data kept it would have been particularly
valuable to the county in estimating future work under
similar conditions. Most of the grading work has been done
in such a manner as to provide insufficient surface drainage.
Roads are graded and well crowned, yet the side ditch drain-
age has been incomplete. The water is allowed to collect in
low places in the ditches and stand there until it evaporates
or soaks into the roadway.
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An example of absolute waste of money came t0 our 3%
tention recently. The board of supervisors, together with 2
number of interested taxpayers, attempted to construct 2
gravel road approximately nine miles in length. This 103
was located on low land with little surface drainage. Grave
was hauled upon this road and dumped so as to give a depth
of ten inches. No provision was made for either sub-Surface
or surface drainage. The road was not even crowned befor®
the gravel was placed. Such violation of engineering prin”
ciples are costly experiments to the taxpayers, and 5h_°W\
gross neglect or incompetence on the part of the super"iSlng
official.

The loss of money has not been confined to roads alone
investigations show that a Very great loss has occurreé
the bridge fund. Much of this loss is directly due 1 € ¢
yearly contract system which has been in vogue in many °
the counties of the state. Under this system bridge coﬂ:
tracts are let in blanket form. They call for no specific nur®
ber of bridges and no specific location for any brid‘g"jS
upon, and as a result, the general design and the 10621“0,n
the structure in the field is left to the supervisor and brics"
company’s foreman. When such a contract is let, it is
possible to have detailed plans for the various bridge®
Where any plans at all are submitted with the bids, s*
plans are incomplete, and will not fit the varying condit‘m{z
of the different locations. Consequently when any bridge lt
built, there is item after item of extra charge for wor
called for in the contract. Such charges, for work not Covel;
ed by the contract, often run the price of the completed woF
up to a figure far in excess of what the work is worths |
what it might appear from the contract that the total pric®
would be.

Py

As an example of this, the following bill rendered b,y
bridge company for repairing an old 6o feet steel spal s
good illustration.

. . n'
To building 2 concrete abutments 12 feet deep and €

casing old piers:

Building 1 (1o-ft. 6-in.) wing, one 11-ft. 6-in., one 0
25-ft. g-inch, and one 11-ft. 6-in. WA . Jo i $2s935'oo
Driving 11 steel piles at $7.00 each.............-" 7
Lowering old bridge 4 feet and cutting off old 0
CyHDders M8, L R S AR S e s s e 160
Filling north and south sides, including removal of 00
oldrapproaches: i iR i, coliusl ol e s RS 184
Laying floor and hauling lumber and freight on 6.00
same to Follett’s .....ccceveenss o 3 o0
Steel joists for 6o-ft. span at $s5.50 per ft. .......: 33‘;’ o

Lattice railihg on SPan i.i.acee.:-esss s lh s ele
Angle to reinforce floor beams for holding joists 4,00
and drilling floor beams ........c....eoceenet s

$ 3 ,882‘“’

This bridge after being repaired was yet an old, ﬂlmsy’
steel bridge with wooden floor, and will have to be replaild
in a few years. Under the same contract the county © ote
have built a new 6o-foot riveted steel bridge with % ice
floor for $3,830.00 or an amount of $52.00 less than the pl;ed
paid, and this price ($3.830.00) could have been ré beed
several hundred dollars if a competent engineer hal 1a8
employved by the county, before letting the contract, P
and superintend the work. '

These specific examples are only a few of the I the
which occur each year under the present system. ct

direct result of the hit and miss methods of road constr” allY'.'
that are costing the counties thousands of dollars ann¥ ani”
We are trying to build roads with only a part of an OF
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':3:::' We _have the “Board of Directors” but have no
a.t € engineering organization.
Wate?;ldges must not be built too small to provide sufficient
them 4 f?r passing the run-off from t.he watershed above
» and in the interest of economy neither should they be
ade too large,
Sma]] ieXample of the result of providing a waterway ;00
buij ins known. The structure was a so-foot arch bridge
Wwo yealglo, The cost to the county was about $3,o(?o.oo.
Tesh Is later, or in 1912, the structure cqllapSed during a
®, and after the water had gone down it was found that

S Current had widened the channel by cutting behind the

i e which

e .
ses; ;}) Utment. As this was a patented type bridg :
€ arc]: Cride bressure behind the abutmen’ts to help supfpci):s
I aractel’-i;l-ld which has shallow foundaftlons ast ;n; 1;) P
& col] Ic features, the result of washing out the
apse of the structure.

A an example of building bridges too large for the de-

man . . .

goodds-lof the drainage area, the bridge shown in Figaras 2

} Ulustration, Here a forty-foot riveted steel span v&flth
feet high

n
_ascr;;:c f}ioor and concrete abutments eightec?n
smY-nine Over a stream having a total drainage ar e
the run_:ﬁacres- This bridge cost the county $5,187, x; :
4ft, £ from the watershed could have been carried Yin
Which t;; i bpx culvert costing about $500. .The county :
440,00, ae bridge is located has an approxm?ate a]r;,a o
32,700, i and at the rate shown above it WOU :lzoin

is 001;::(:0 _tO bridge the entire county. The bridge fun 5

Y 1s about $30,000 per year, or at the above rate 1

Nce o‘fequu-e the entire bridge fund for 1,100 years to get

U °f the county with so-called permanent bridges.
Ty lel:i.er the Systems usually used in the counties, the g:}ll:
JUpe 'sogn and the location of the structures are left to ;
Jority S and to the bridge company’s foreman. Thz I?;e
Tidge oo PCTVisOrs are not trained bridge men, an ;

ar Mpany’s foreman is not working for the county:

b oIt there are many examples of improper locations
the r?lgns_ Bridges are often located several feet above
°ncret5 e;- Position. In a number of cases We have ‘foum:
the Str, ridges |ocated high upon the bank at one side o
boye :;:m’ and with the pavement or floor six or ten feet
Bto, © Stream bed. In other cases bridges are sO located
f°rty,£°eqmre €Xxcessive length of wing walls. In one case, a
three w?t SPan stee] bridge with concrete abutments and
that th Ing walls Ccost $2,925' This brldg'e was SO locat'ed
Daj foe i 1€I Wing wall was made 5o feet 1ong; and the pncc:
S the zt 'S Wing was $2,262, or an amount nearly as 8:1";3
In the OSt of the remainder of the bridge. Another bri hsfe
Sing esame county has one wing wall 8o feet long: This
iy or “tendeq out into the field, and does Dot hold up any

s
Denditure

ea of

lap, @ mo SO much money.
bo, 2 St cases, no estimates are prepared otk
~ Material required to build a given piece

by o €N the : : ted is allowed
; e 11 presen
he tk is completed the bill P ell illustrated by

d showing the

the %ard with : s

Tecory .. ithout question.  This 1S ;

g 4 in One c bills amounting t0 $57,000
g ounty where b1 ol e d

v
At one ‘:rm.g a whole year’s work were a o
Darent €ssion which lacted not more than three hours. :
t“l'es by Done of these bills were checked against the struc
as evidenced by the following:—
the bills contained the item— g737.10.”
Raq MVesti _ Concrete abutments and 2z WIngs busi
2 beg "&ation disclosed the fact that only On¢ 275 40
o c"ncrn buﬂt’ and that it contained only 1597 Cu?:.c y:rd.
:«uothﬁe;;’ Or the price paid was $46.33 Pe* Clilnl;i'};- %
°11taine lllef(;: construction on the bridge show?
em,

Ne of
“Buildi

°IVe any other purpose which would justify the ex-
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“‘One-half contract price for building concrete
bulkheads 16 ft. x 20 ft. long on 48-in. steel
Culvert, 36 Ft=ilong it o i e Sl ST $390.00"’

The bridge is located on the line between two counties and
hence the bill was presumably approved by two boards of
supervisors. The bill apparently included only the building
of the concrete bulkheads.

Investigation showed that the two bulkheads contained
only 15.45 cubic yards of concrete or the price paid was at
the rate of $50.48 per cubic yard. According to the engineer
who made these investigations, a fair cost for the concrete
in each of these jobs would be $12.50 per cubic yard. An-
other example of the loose system under which the bridge
business is handled in many counties is shown by the follow-
ing invoice:

To one 14-ft. span with 12-ft. foundations......... $§ 720.00
Less acct. abutments 8 ft. deep 8 ft. at $9.00 ..... 72.00
$ 648.00
Lattice railing ..... St EL U R e G R $ 28.00
One 16-ft. wing, one 10-ft. and two 8-ft. wings..... 382.00
$1,058.00

Fig. 3.—The Concrete in This Culvert Cost $50 per Cu. Yd.

When this bridge was examined it was found that the
charge of $28 for lattice railing was a double charge, as the
railing had already been paid for in the charge of $720 for
the first item.

Quite often bridges are built which provide roadways
entirely out of proportion to the requirements of present or
anticipated future traffic. This was well illustrated in one
county where a bridge was found with a 4o-foot roadway.
The location was such that an addition of filling over the
culvert at some future date was impractical. The fact that the
bridge was upon a road seldom frequented made this width of
roadway very excessive. Not a mile from this bridge, on an
adjacent road with a great deal more traffic was another
bridge with an available roadway of less than twelve feet.
Had a study been made of present and future traffic condi-
tions on these structures, they would never have been built
as we found them.

Frequently it is possible to relocate a road and thus
avoid building one or more bridges. The following is given
as a typical example. In one of the counties, a new road
about three-quarters of a mile long was established in such
a location that two- forty-foot bridges, costing over $2,000
each, were required, when, by a slight relocation of this
road, such as any engineer would make, both of these bridges
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could have been avoided at a saving of nearly $4,000 and a
better road secured. .

In some of the counties we have found conditions for
which the county boards alone are responsible, yet, in the
majority of cases the state is a partner with the county boards
in the mismanagement of our highway funds, owing to the
fact that inadequate laws and an insufficient® organization
have been provided for handling the work. Road building
is a business and not a side issue to the management of a
large farm, or extensive business enterprise. It is hardly
fair to a farmer or business man to elect him to the office of
county supervisor where he has the spending of thousands of
dollars annually in a kind of work with which he is not fa-
miliar, an& then not provide him with the assistance of men
trained in that particular line. :

Before we can expect to secure the best results from the
money spent on our public roads, we must provide an ef-
ficient engineering organization to work with our board of
supervisors. We must give our county supervisors the as-
sistance of the technical training and years’ of experience
which go to make a finished road engineer.

Fig. 4.—Not the Result of a Flood but Lack of Proper
Pile Driving.

The legislature recognized this fact when, in 1910, it
passed the bill creating the present State Highway Commis-
sion. The appropriation for carrying on the work was,
however, pitiably small, and although increases in the ap-
propriation have been made from time to time, vet the de-
mands for assistance from the commission have increased at
a much faster rate than have the appropriations, and the
commission is at present unable to carry on the work pro-
perly on account of a lack of funds.

One of the most difficult parts of the work of the com-
mission has been to get the bridge and road work construct-
ed in the field exactly as shown on the plans. In the ma-
jority of cases the work has been constructed without any
adequate inspection or engineering supervision in the field.
At times, carefully prepared plans have been practically
ignored, and in one instance a very inferior arch bridge was
built from carefully prepared plans for a flat-top bridge.

To properly handle the work and prevent such miscar-
riage of plans as shown above, each county should employ a
highway engineer whose duties would be :—

To survey the roads and prepare profiles and estimates
giving proper attention to drainage, traffic, surfacing, etc.

To relocate roads so as to avoid expensive bridges and
excessive cuts and fills.

To prepare detailed plans, specifications and estimates
for each bridge built.
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To survey the drainage areas and plan the bridges with
due consideration to the waterway required.

To inspect the work frequently and see that it is
according to the plans and specifications. -

To keep a complete and accurate record of the amou?
and locations of the work done.

Such an engineer working in connection with the
Highway Commission would complete the organization an"
would render invaluable service to the cause of “good 10 2!

doné
Gtate

DISTRIBUTING SYSTEM OF NEW YORK'S
WATER SUPPLY.

The waters of the new aqueduct which is bein
structed from the Catskill Mountains to New York, .
empty into the Hill View Reservoir before their final Pl.ung
into the heart of the city. ' .he

The problem of admitting so large a flood into i i
metropolis is no small one, particularly when the chief def
mand for the water will come from those sections of Grea"‘;
New, York which lie many miles away. For the presents n,'
least, little if any of the Catskill water will be used in aby’
hattan and the Bronx, but most of it will be consunled .
the boroughs of Brooklyn, Queens, and Richmond. p
water waste campaign which has been carried on for the paai
few years has so far reduced the .consumption of water e
the Croton system, which can furnish steadily 350:0,00’
gallons of water per day, can easily take care of the 1™ de
diate wants of Manhattan and the Bronx as well as the 1t
mand from these two boroughs for many years to com® w
is not likely that the population in Manhattan will incr?
much unless it undergoes a marked vertical growth, for 0
there are practically no more vacant lots to be puilt Y
So that in estimating the future demands upon the C o
system we must consider chiefly the growth of P?Pu}at;w.
in the Bronx. In the other three boroughs of the city, ity
ever, there is a present demand for water and the pf"bab1
of large increases in population in coming years. o

To conduct the Catskill water into Brooklyn and Queezr,
it was decided to build a trunk line, so far beneath B i
face that there would always be 150 feet of good soll roer,
for the roof of the tunnel, and provide a course for a U7
ranean river which could be tapped as needed for the c;ew
supply, and which, at the same time, would be so €O pufe?
ly buried that it would never menace the safety of struct of
above it. When this tunnel is completed it will be on"aﬂ,’,.
the most durable pieces of work ever constructed DY o it
for practically nothing but an earthquake can destr®Y ..
and even this possibility is very remote, for the r0€ i all
lying New York is of very early formation and not 2 e
liable to seismic disturbance. And so the city tunne€ é the
Catskill aqueduct is being bored through the rock o8 208%
average of 200 to 250 feet below the surface except in P cgll‘ T
where the nature of the rock is of such a character a5
for a much greater depth. Rive”

The first dip takes place just above the Harlem = _p.¢
where the tunnel drops down 362 feet below the grouf™™ = gip.
Then it runs practically horizontally until it passes s e,pd" 3
in the rock under 125th Street. Thence it rises a8 the
maintains a practically constant level of 200 feet wndefi
city, until it arrives at the ancient bed of the East * ‘pe
A glance at the map of New York city will show % g
East River makes a decided turn about the lower o8l Eaﬁ’."
or “heel” of Manhattan, In pre-glacial times, * el
River had no elbow in its course, but ran directly _3“05 g1
heel of Manhattan, and it wore away the rock in 18 = eh’
considerable depths. However, the large deposits 9

g con”

il
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and ro A
ed easfk carried by the glaciers caused the river to be push-
ward out of its normal channel and over the solid

Tock beyon 3

thy .
ayoiligft tahlg' section of the city, it was found necessary t0
of the Tock ipth of about 750 feet below the surface. Much
¢ all oft rou_gh this section is decayed.. and} unﬁF to forp
0 last for la.hlglbpressure aqueduct which is being ‘E)ullt
N the otha1 time. The present channel of. the F.ast River,
tively Sor er hand, passes over solid rock, and is con'lpara-
enorm()usydshallow_ Seven hundred: and fifty -feetasisan
Hudson Ri epth, second only to the great sipho.n under the
50 hayp, Wer, which is 1,114 feet below the river surface.
city equalp °0s that the deepest shaft ever sunk in New York
s the height of the tallest building in the world.

two ‘::rlt;ed in Brooklyn, the aqueduct rises aga}iln to within
& as i irsee hul.ldmd feet of the surface, and is pushed as
Municay, W~p0551b1e to carry it in solid rock and yet com;
€ Junctj, ith the surface. This limit was found to be &
XI'ECESSary tn of Flatbush and Third Avenues. Here 1t fvvas
Ming ¢ 0 go through 215 feet of overlying earth be org
0 ang th the. rock. The caisson method had to be resorte
ling befoe Caisson was sunk over 100 feet belo.w the water
L exper: rock was reached. Considerable difficulty was
1t Calleq lenced in sinking the shaft to the rock; becausi,
Tance Or the use of pneumatic pressure that taxed the en
of the workmen to the limit. From here Oof the

Water .

W !

E eratlu be conducted through pipes laid in a trench of a
hj € depth below the surface. From the foot of Seventhy-
s the

lnt]

v "‘W?treet, Bay Ridge, the conduit will be run acros

Blamgy, ' Staten Tsland, through a pipe 30 mcheeki ¢
ine 1, Provided with flexible joints, and laid in 2 sub-

Dot Yench. The details of this section of the work have

een given out, However, tests have been made t0

b u:ir at what depth the pipe line under the water must
8oy et' It is evident that it must lie far enoush below
lal‘ge o © Drevent its being entangled with anchors from
matter Sselg that may have to anchor in the Narro.ws. The
hay, as been thoroughly investigated, and practical tests
th& bOteen made by dragging anchors of large size alorng
bufie M. Tt has been determined that if the pipe line 18
Safg at least eight feet under the bed, it will be‘entlrely
the " the Staten Island side a 48-inch pipe will cary
Lake Ier N up the hill and through a tunnel into  Silver

BSR0Ir, 125 miles from the Soutce in the Catskills.

iy
Aty };: 8Teatest interest in this city section of the aqueduct
throy,, D2turally to that part which is being excavated
fact | at %olid rock under the busy city. 1t is @ S4P s
fetly n & work of such magnitude can be carried on o
!east. T Our feet without inconveniencing U® il thle
g jg to © only surface evidence of the deep rock tUBRCT
Da) o be found at the various shafts which are located in
Semg itr Public squares, The principal difficulty that Pre-
for 3 o o at first was the question of storing explosives

W

(5 or

losivesk of such great proportion. To keep the meceSSan;

> o0 the surface was to harbor constant menaC:d
finally solv

1ve
. lacin, Of the citizens. The matter was in
W‘e o § the dynamite magazines far under th.e suri’ac;ihe
U o 204 setting the doors to these magatnes By .
hOt Omatic,) . . d trap the
. ally close in case of an explosion am

& :

f:n ni’)‘)lsonolls fumes in the rock chamber: where they
om harm to the work The idea Was borrowe
dllct TOpeg A QTRmEI ions are com-
Al o N practice, where mining operatior Sihe
Cees ¢ t0 and sometimes directly under large CHe™

drif e igzag
t, € dynami i hrngh A s
A amite chamber is had xcavated, and

€ach turn . s
of cket 1s ©
bey ; Riee the drift a pocket In this cham-
U f is made of large capacity: Kesp
R0y £ AMite is stored under a protecting reof tod by
Sments of rocks that might fall when Jar.re

When borings were made for the aqueduct.
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the ‘“‘shooting’’ in the tunnel. At the entrance of the drift
a very substantial concrete bulkhead is built, and in this is
a low doorway. The door is of massive construction, built
of I-beams, sixteen inches deep and spaced apart with oak
beams twelve inches square. The door has beveled edges,
so that it will seat itself snugly in the doorway.. The door
is always kept open at an angle of about 45 degrees.
In the magazine a thousand pounds of dynamite may be
kept at a time. Should this be exploded, the explosion wave
would have to travel down the zigzag passage and would
lose much of its force at each abrupt turn, finally striking
the door with greatly diminished energy. The door would
be slammed shut by the blast of air issuing from the drift
and would then be held shut by the gases of the exploded
dynamite. A magazine of this sort has been constructed
near the foot of each shaft—not at the foot, however, for
fear that in case of a mishap, it might block the escape of
the men. The magazines have been tested by exploding a
number of sticks of dynamite around the first bend in the
drift, and in every case the door has closed just as expected.

The work through the rock is being pushed very rapid-
ly; at some of the shafts between 800 and 1,000 pounds of
dynamite have been used daily. Within the last year mil-
lions of pounds of dynamite have been exploded under the
city, while most of New York was totally oblivious to the
fact. Already a number of the tunnel sections have been
«holed’” through. To expedite the work, one contractor is
using an interesting form of shoveling machine, built
especially for this work, so that it may be taken down the
comparatively narrow shaft and be assembled to work with-
in the small diameter of eleven feet, which is the size of the
tunnel at the particular point where this machine is mow be-
ing used. The machine is comtrolled by a single operator,
and does the work of six laborers.

Some of the work on the city pressure tunnel has been
hurried so far that certain sections are now being lined with
concrete. The forms used for this purpose are very interest-
ing. They cover 120 feet altogether and are arranged in

. two sections, sixty feet of the lower half of the tunnel being

concreted in an advance of sixty feet of the upper part. The
first step is to lay the ‘“‘invert,” that is, a narrow segment
of the lining runming along the bottom of the tunnel. This,
when completed, forms the track upon which the forms for
the rest of the lining travel. The forms are mounted on
trucks with wheels tapered to fit the curve of the invert. The
forms for the lower half cylinder are practically the same as
those for the upper half cylinder. After the lining has set,
the sides of the upper form may be drawn in to free them
from the concrete, by operating the turnbuckles A, and
those of the lower forms by operating the turnbuckle B.
Then jacks may be unscrewed to Jower the upper section
slightly freeing it completely from the concrete and jacks E
may be screwed up to raise the bottom section slightly upon
the truck. In this collapsed condition the forms may be
drawn forward to complete the next section of tunnel. It is
quite a different task, however, to lay the concrete into the
upper form. Sections of the plating of the upper forms are
removed and the concrete is shoveled in, adding the plates
step by step as necessary, until finally the topmost plate is
added when the concrete can be introduced only from, the
end of the form. Tt will be observed that small pieces of
hoard are temporarily mailed against the edge of the forms
and fitted up as neatly as possible against the rock above,
so as to retain the concrete until it sets. As each section is
completed, grouting holes are left in the top through which,
when the lining is completed otherwise, grout will be forced
under high pressure to fill up all cracks and crevices and
make the lining perfectly sound.
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At each shaft access will be had to the tunnel through
risers or vertical pipes, 48 or 72 inches in diameter. At
most of the shafts two such pipes will be provided, each fit-
ted with valves at the bottom which may be operated from
the surface to close either of them when it is desired to gain
access to them or to effect any mnecessary repairs. The
valves at the bottom of the risers will be of such a design
as to close automatically in case of an abnormal flow
through the risers, due to the destruction of the valve at
the top by explosion or other accident. At the top of the
risers there will be two valves, the one nearer the riser be-
ing an emergency valve, which may be closed in case of any
damage to the other valve.

It is probable that no immediate changes will be made
in the water supply of Manhattan and Bronx, except that
pipe lines will be run from the shafts to help out the exist-
ing supply in case of emergency. In Brooklyn and Queens,
where thirty-five pumping stations are now required, most
of the stations will be discontinued for the reason that the
water will be delivered through the aqueduct at sufficient
pressure to reach all parts. Only in one or two sections
will pumping be necessary. :

From Hill View reservoir the water will flow through a
tunnel; 15 feet in diameter. This will be narrowed to 14, 13,
12 and 11 feet; which is the diameter of the rock tunnel at
Fort Green Park, Brooklyn, and at the intersection of Flat-
bush and Third Avenues. From there on steel pipes, five
and one-half feet in diameter and running down to four feet

in diameter, will carry the water to the Narrows, and under ’

New York Bay, at the Narrows, the line will be only three
feet in diameter. This gradual shrinking of the aqueduct
reminds one of those large rivers that flow cut of the moun-
tains in sufficient volume to be navigable and even a menace
to the surrounding coumtry in time of flood, but which, when
they reach the deserts are drunk up by the thirsty sands
and sucked by the torrid sun umtil they vanish without any
clearly defined terminus or possibly flow in a sickly stream
to a small stagnant lagoon. Thus, when the entire Catskill
system is completed and operating at its full capacity, the
waters which three days before poured out of the Ashokan
reservoir in a mighty flood, over seventeen feet in diameter,
will reach Staten Island, a stream only 3 per cent. of its
former size, after having been robbed by the rest of the
thirsty city..

—_— - —

LIMITATIONS OF BITUMINOUS CARPET
SURFACES.*

By A. W. Dean, M. Am. Soc. C. E.¥

A bituminous carpet surface is well defined as ‘‘a bitumi-
nous surface of appreciable thickness formed on top of a
road crust by the application of one or more coats of bitu-
minous material, with gravel, sand or stone chips added.”
Such a carpet is not formed by the use o1 ou emulsions,
consequently, emulsions will not be considered in this dis-
cussion, nor will a crust approximating two inches in thick-
ness be comsidered, inasmuch as when a coat or blanket is
made of such thickness, it ceases to become a carpet, but
rather becomes an integral part of the road crust or pave-
ment.

Limitations in the use of bituminous carpet surfaces are
governed by three principal features. First, character of the

*Paper presented before the American Association for
the advancement of Science, Cleveland, Ohio.

tChief Engineer, Massachusetts Highway Commission.
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road crust under the carpet. Second, character of the 3
pet itself, including both the bitumen and the grit or st
material as is applied with the bitumen. Third, charactef
traffic to be sustained. Taking these in their order DSSES
let us first consider the character of the crust.

108

This should be of such a nature and on such founfa;e
a

age

that the weight of the traffic will be thoroughly suS
without amy aid whatever from the carpet. For aver 2
traffic on suburban roads, a water bound macadam road onn
suitable and sufficient foundation is an ideal crust up?
which to apply a bituminous carpet, regardless of the na“iﬁ-
of the bitumen used to form the carpet. Under some 10
tions, a cement concrete crust is excellent and prefefabe.
water bound macadam, in that it has more stability 8%
withstand a greater load. A concrete crust, howevels
not appear to hold a carpet of an asphaltic nature as wes
it holds ome formed by the use of tar, the adhesioD
apparently less with the former than with the latter e
rial. A crust of good gravel, thoroughly compacted, 15
under restricted traffic conditions, but it does not aPP
hold a carpet formed by the use of heavy asphaltic of il
binders, unless the carpet is made of such thickness

it becomes a part of the road crust. Heavy binders &
ferred to herein are intended to mean binders that red
heating to a temperature of at least 180 deg. F. in ordef 3
permit satisfactory application. A bituminous carpet ?nely
gravel road appears to be successful under comp:cu'atlv H
light traffic if a bitumen is used that does not reqWf® ‘.
ing to a temperature above 100 deg. F. before apphcan

! dirt
A carpet formed by the use of any material 0B 2 a0y
road is of no value whatever, as it breaks up under
kind of traffic and very soon .ceases to be a carpet.

Continuing to the second principal feature, namelys
character of the bituminous carpet, we have again 2 (hod
important factor. The kind of bitumen used and the .me 20f
under which it is applied, the kind and amount of grit b
and the character of the grit, each and all have & ‘o
decided influence on the limitations of economical US€ . .
perience has shown that a carpet must be uniform in t ach
ness, and in order to be so the bitumen and grit muS_t‘:n
be spread.uniformly, and in order to spread the b]fu ted
uniformly experience has shown that it must be distrt uin‘
by means of pressure applied in some manner, either i
troducing air or steam pressure directly into the tal
which the bitumen is contained, or in securing pressureon’
means of a pump of some form. Experience has e ir
strated also that where it is desired to make a carpet 1 g’
ing the bitumen to be applied at the rate of 1% gal. pe in8

. x 1 b 1
yd., uniformity is more successfully obtained by aPPyaL
the bitumen in successive layers of approximately ":h gri‘

per $q. yd., each layer of bitumen being covered W!
before the succeeding layer is applied. .

The grit used for covering the bitumen should cg:;;cd
no clay or loam, and if the traffic to be borne is 2 ¢ the
traffic, with steel tires predominating, it a)ppear? e oi%
best and most lasting results are obtained by using co%’
ture of coarse and fine material, the coarse mater’?’ g
sisting of tough pebbles, or stone broken t© Pebbl.e of
(approximately 24 in. in diameter), mixed with W‘wﬂas'conB
a finer nature, such as sand or a coarse grade i 2de8
dust. Such mixing is better accomplished if the two : that
of grit are applied separately in forming the blanke 'iateli.
is, the coarser material being applied first and imm plicﬂ’
followed by the finer material. Such method ‘{f apn 4%
tion appears to give a firmer carpet that will w:thstaorﬂed'
greater amount of steel tire traffic than will a carpet . a1

by the use of either coarse or fine material alone.
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Pet js
to s L
Coarger n:arry. a traffic consisting largely of automobiles, the
#Dpeay ateria]l does mot become as necessary, although it
S % be preferable,

Use 'il;hea kcltnd of .bituminous material that it is pfeferable to
to Whethe arpet is still a4 debatable subject, particularly as
the Use Ofr tar or asphalt products are preferablt':,' and (in
emper::t'tur‘:s(phaltS, whether a heavy asphalt r.equ}rlng' high
®rable 4 e 200 deg. F. or more) before apphcatlom is pre-
t hag bee e that does not require such high temperat.ure..
h()""ever t}? the experience and observation of the writer,
appli(:ati’on at the asphalts requiring high temperature before
Miyeq trag“;ve better and more permanent resu.lts under
S ¢ than do the lighter asphalts. By mixed t?af—
fiter means a combination of trucks, automobiles

ang h

ea :
With VY and light horse-drawn vehicles. A carpet forn.led
Stang ¢ favy asphaltic material, however, does not with-
4 d vehicles,

C consisting largely of heavy steel tire :
aof such being to cut the blanket and cause it to
Nd to soon disappear from the surface.

racter of traf-
Decessarily be considered in connection with. the
In fact, meither
d can be

somewhat

¢ effeq
Gt
Crumble

The th;
t : .
» Mygt ol principal feature, namely, the cha

SeCO

n
Princi .

One Cipal feature, already discussed.

disCHSSeﬁi . .three features hereinbefore mention
bie . the :I;]tlrely by itself, as each is dependent .
.ltufn'n()u thers. With a suitable road crusj: to sustamt a
eterm.s Carpet, traffic is an extremely important factor
“Arpe, Iing what type of materials to Use for such a
neCESSaril € amount, type and weight of vehicles must
A tar ca Y be considered., It has been demonstra'f-ed that
Ga er ;pet will carry economically 100 automobiles Per
drawn tr 9t in width of roadway, together with a horse-
T()a.dWQy a'fﬁC of 15 vehicles per day per foot in w1dth. of
u-nder a' On the other hand, a similar tar carpet failed
tireq ve Frafﬁc consisting of 20 heavy, horse-drawn, stfeel
iy é.ldes per foot in width of roadway Per day, with
 tar tomobiles per foot. This clearly demonstrates that
Susta; anket g not suitable and should mever be used -0
nqmica .°aVy horse-drawn traffic, but is suitable and €co-
l{articulaIln Carrying automobile traffic. Inasmuch s no
‘101] ar Wear appeared tO. be caused by the abOVC men-
larger t?:"mobi]e traffic, it is safe to assume that a much
i & wpir 0uld be economically carried. Records kept
Ing ¢ s "er show that what has been stated above r('egan%-
carpet. tar_ Carpet is true also of the heavy asp'haltylc oil
v io &{lures that have occurred under the writer’'s ©b-
Where DEWith 4 heavy asphaltic oil carpet have occurred
T of & o of the number of automobiles t0 the num-
:0 e, :,;Se»drawn vehicles was not any greater than two
twmh‘) e d if the horse-drawn vehicles are of the he;}ﬁ;
e a Ybe, with narrow tyres, no amount of automobl
five @ "POATS to be sufficient to counterbalance the destruc-

Vidty' ot : ot in
th Per (?:yls heavy horse-drawn vehicles P€r fo

Ty

€ wri : 2

ﬁ‘e_sen imrlter is of the opinion that it is 0Ot wise at d;:ge

lmtations ¢ o state general positive conclusions regal's A

iS aln the use of bituminous carpet surfaces. f:;ur
Ve been in use in this country only about e

. i en
the . 0Us ¢ character and quality of the bitum

- i i ual, and
Chap Aracte s and in various places are SO unequal,
81

n
T of traffic over the highways 1S ar}d has beed
of experiments an

o .. 2ve been variable. Positive and definite ‘;‘;3
to limitations can be drawn only after car
nt Tough a period of years, keeping 2
. Quality and amounts of material use iohts
hic1es of the kinds, number and approximate kit
SSing over the sections under observation:

S0 ;
clue.rvation fapidly, that the results
slolls S h
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THE ELECTRIFICATION OF TUNNELS.

With the announcement of the construction of several
large tunnels by the different steam railways in the West,
and the general electrification of tunnels in New York, etc.,
it is perhaps not out of place to recall and briefly describe
the one large tunnel in use in Canada which, originally built
for steam-operated trains, was electrolized and so operated
in 1008, and has continued to give splendid satisfaction as
such ever since.

The St. Clair tunnel under the St. Clair River, and con-
necting Sarnia, Ont., Canada, with Port Huron, Mich., United
States of America, is more than two miles in length, includ-
ing its approaches. The length of the tunnel proper is
6,025 feet, and the length of electric trackage, including
yards, is approximately 12 miles, The tunnel has a maxi-
mum grade of two per cent.,, and was built under the
St. Clair River by the Grand Trunk Railway under the
supervision of Mr. Joseph Hobson, the chief engineer; Mr.
T, E. Hillman, first assistant engineer, and Mr. M. S. Black-

Western Portal of Tunnel.

lock, second assistant engineer. It was constructed in
order to overcome the obstacles presented by a mnavigable
stream, alive with commerce during the summer, and often
blocked by ice in winter, and previous to its opening the
Grand Trunk Railway freighted the trains across the river
by means of car-ferries. The tunnel is a continuous iron
tube, nineteen feet ten inches in diameter, the total weight
of iron being 56,000,000 pounds. Work was commenced in
1888, and the tunnel was opened for freight traffic in October,
1891, and passenger traffic in December of the same year.
The cost was $2,700,000. .

Shortly after the opening of the tunnel for freight traffic
the need of some method of doing away with the noxious and
injurious gases, which formed from the smoke of the steam
engines, was at once obvious. The natural remedy was the
use of electric locomotives, and after mature deliberation,
the Grand Trunk decided in favor of operating the tunnel by
electricity. The power plant was located on the Port Huron
bank of the St. Clair River and the length of zone electrified
was four miles. The single-phase syStem was adopted, and
the single catenary supported by structural steel bridges was
the structural method used; the normal voltage being 3,300
volts. The Westinghouse Company finished the contract in
May, 1008, and the cost was $600,000.

A comparison of the haulage before and after electrifica-
tion is also interesting. The normal weight of trains hauled
through the tunnel before electrification was 760 tons; after
electrification it was 1,500 tons. The weight of the steam
engines formerly used, which, when built, were the largest
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in the world, was 200,000 pounds; the weight of the two
electrical engines ir use is 270,000 pounds each. The elec-
trical engines have a normal motor capacity of 1,500 horse-
power and a normal draw-bar pull of 50,000 pounds. A maxi-
mum speed of 35 miles per hour, and a minimum speed of 10
miles an hour up a two per cent. grade with a 1,000-ton
train.

The tunnel has been a paying proposition, as the train
service now operated through the St. Clair tunnel is very

Entrance to Eastern Portal.

heavy. It is now lighted throughout, and presents
the appearance of a well-lighted street instead of a tunnel
sunk underneath a river, where the annual tonnage of ves-
sels passing through is about twice as great as that passing
through the Suez Canal.

R\
ISR

s
.
,

Approach Crade and Engine.

In comparing the tunnel before and after electrification,
one soon arrives at the conclusion that the correct method
of operating a tunnel of any length is by electricity, as the
evil-smelling and damp tunnel of before cannot be compared
with the well-lightcd, dry, and novel appearing passageway
which the St. Clair tunnel now presents.

e . B

It is expected that New York’s state barge canal will be
ready as a whole in 1915. Locks are being built for 3,000-ton
barges. An important percentage of the state’s population
lives within twenty miles of the canal on either side, and the
motor truck will give farmers and manufacturers easy access.

THE INTERNATIONAL WATERWAYS

COMMISSION.
A the
In regard to the work now being carried OB b};n
International Water Commission, Mr. L. J. Burpea  F€€ .
stated that three important questions were being lnvestlg

by the commission. n of
The first of these relates to the levels of the Lakeem
the Woods and its tributary waters. This to some may Sve
a comparatively small matter, but in reality it involves
large interests, as far apart as Winnipeg and Duluth-

: o 10
investigation is the outcome of complaints as to damag®
the

lands along these waterways by flooding. The farming ©

munities would like the level of ‘the lake lowered: nr in
other hand, navigation interests complain that the wate for
the lake and its connecting rivers is already to0 1°w.

their purposes. There are the fishing and lumbering of
ests to be considered, and the very important interestsfair
power development. To reach a decision which will b the
to all these interests, on both sides of the boundary’vinﬂ
commission cannot afford to act hastily, or without s
the fullest possible information on the subject. It.now -
survey parties representing both countries, obtaining 1aS
nical data upon which it may base its conclusions: rtoﬂd
already held hearings at International Falls and .a at
on the American, and at Kenora on the Canadian Sld.e,t of
which everyone interested in the question, from any P% ith

view, was given full opportunity to present his vi?Wsi; will
miss

o

this evidence and the engineering data, the com eric“n
be in a position to recommend to the Canadian and A . ricat
governments a solution of what has become a very 12

and troublesome problem. T
The second question that the commission is 1048 gl
ing, and in which connection it recently held a m'ee.nn, i
Detroit, is the building of a dam in the Detroit Rw;’in'
connection with the Livingstone Channel. This dar igged
tended to be built partly in Canadian waters, and is (,as eal”
to protect the interests of navigation. At the Detroit loPed
ing, however, a considerable difference of opinion dets 5 of
among engineers and shipmasters as to the advant ined
the proposed work; the town of Amherstburg Compbehalf.
that it would injure their waterfront, and counsel on " sl
of the Dominion Government argued that one of the prlﬂ,d be
objects of the dam (to raise the level of the water) woll:icaﬂa
nullified by the unauthorized diversion of water at ol
for the drainage canal, that a simpler and cheap®f e
would be to prevent this diversion, and that it would gt ?
ferable to deal with the dam, not as an isolated works oot
part and parcel of a comprehensive scheme of deve L
of all these international waters for the benefit of th irestg
of both countries. On the other hand, the American s
urged the necessity of the dam to safeguard the en'O thé
traffic up and down the Detroit River. Here, agaln,s'ol"e’
commission has a difficult and intricate problem " aﬂd
and one that must be approached with the utmost caret ott
absolute impartiality. Incidentally the evidence brous. piﬂ‘
threw light upon the amazing development of the shlitfoit
industry on the Great Lakes, the tonnage on the 000,006
River in 1912 reaching the tremendous total of 9% bd’e
tons, or over four times the tonnage passing ‘hrougega‘ed
Suez Canal; and the value of these shipments ags”
$800,000,000, . ating o°
The third question the commission is inVeStlgja ozta”t
behalf of the two governments is the exceedingly lmpission
one of the pollution of boundary waters. If the comn hen’,'
never succeeded in accomplishing anything moré :
ing to safeguard Canadians and Americans living.aoits
international boundary, it would more than justity
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is
01::;1::1; In this great undertaking it has t.h'e hearty co-
ingtoy, Ul Dot only of the federal health authonliles. at Wash-
of healt;nd O_ttawa, but also of state and pr(_)vmcml boa}'ds
Sumpe,. on either side of the boundary. During the cogx1ng
“Xpertg ta thorou"gh examination will be made by ‘samtary
Whep thio ascertain the principal sources of pollution, afld
Sion g7, d%ta has been collected and digested the commis-
© in a position to consider the remedy or remedies
Ded to meet the situation.

WeIrI;lDi(:g;tion to these questions, referred to 'it by the two
DliCationS e thfﬁ commission also has before it several ap-
undar, Ivolving the erection of dams and other works in
of Waters. In such questions as the'se,. un.der the
n . treaty, the decision of the commission is final.
ten de:ciift an international court of appeal,.or, as ithl.lals1
Gl One int, ¢d, a Hague Tribunal for America, gl
Ing the e erested, either for or against, any project involv-

S, sanit of boundary waters of navigation, power pt;lr-
assurance 4Ty canals, or irrigation, may appea:1 with the

of a fair hearing and an impartial decision.

est assig

ter
It js ;

———— e ——————

COAL MINE FATALITIES FOR 1912.

o Lhe
d“riug ®al mine accidents occuring in the United States
Bu!‘eau € year 1912 have been compiled by the United States

o - \ :

I\I(’l‘ton ines, under the direction of Frederick W
M,

calendar HOrtOn, in reviewing the year, says: «“During the

the 5 Y?ar 1012 there were 2,360 men killed in and about

ss°’°°0 Oc;.;lnes of the United States. Based on an output of
death r, short tons of coal produced by 750,000 men, the
May f € Per 1,000 employed was 3.15, and the number of
The nun?g for every 1,000,000 tons of coal mined was 4.29-
death rat T of men killed was the least since 1006; the
the deathe PEr 1,000 employed was the smallest since 1800;
Est, an e per 1,000,000 tons of coal mined was the qu-
to the [ the Number of tons of coal produced in proportion
L aumber of men killed was the greatest on record.
28 toarg Ofer indisputable evidence that conditions tend:
bay o] ; Safety in coal mining are actually improving .and
than ever o being mined with less danger to the miner
Parey o before, T general improvement in 1912, as com-
1911, is shown by the following facts:

In ;
e niltgnzf the number of men killed in the coal mines of
nared i States Was 359 less than in 1911—2,360 as_corl
SDite of 2,719—a decrease of 13.2 per cent., and t?us 75
€ fact that thiete - wirs Sos AHsH employed in the

h MOre coal mined than in any previous year:
ag a _e de

§ i was 3-15
cent alngt h Tate per 1,000 men employed in 1912 ]

3:73 in the previous year, a decrease of 15.5 per

f coal mined 4-29

2 for ons O
every 1,000,000 t i

i d, as compared with §.48 men in 1011,
o ‘7 Der cent,
8 e
Qd In 101, Was 233,000 tons of coal mined for each ma
rEa,sB 68 > as Ccompared with 183,000 tons in 1011,
*000 tons, or 27.3 per cent.

n kill-
a:n in-

Al .
any OUgh 4. . ter: than' I

: 2 : was greater v
Improvement in 1012 cs are available,

Drevl

0 . .

I’al‘tly eus Year for which accurate statisti e e
lagy g Perhaps, 1o exceptionally mild we;;'tkelihood e

Stroys  ONths of the year decreasing the like

annual.
~dust explosions, there has_bee" zn‘ the ac:
Ne o A Dumber of years, as indicated bY
€ table R
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Number of Men Killed in and About the Ceal Mines of the
United States in the Calendar Years 1907 to 1912,
Inclusive, With Death Rates.

—Number killed—
Per 1,000,000 Production

Per 1,000 short per death,
Year. Total. employed. tons mined. shert tons.
1007 3,197 4.83 6.93 144,000
1908 2,449 3.64 6.05 165,000
1009 2,668 4.00 5.79 173,000
1910 2,840 3.92 5.66 177,000
1911 2,719 3.73 5-48 183,000
1912 2,360 3-15 4.29 233,000

It will be noted from the foregoing table that the death
rate per 1,000,000 tons of coal mined has decreased annually,
that the production per death has increased each year since
1goy, and that the death rate per 1,000 men employed has
steadily decreased during the last four years.

This general improvement has been brought about by a
combination of causes, the principal one of which has been
more efficient and effective mine inspection on the part of the
State mining departments and State mine inspectors through-
out the country, supplemented by greater care on the part of
both the operators and the miners. The investigative and
educational work of the Bureau of Mines has kept the opera-
tor and the miner alive to the various dangers connected
with coal mining and has shown what precautions should be
taken to avoid these dangers. The bureau is, therefore,
gratified with the improvement shown, particularly as the
greatest improvement relates to dangers concerning which
the bureau has been conducting special investigations, as is
shown later. The bureau, however, can not too strongly ex-
press its appreciation of the co-operation of the State min-
ing officials and the operators in the work of making coal
mining safer.

Although there has been an annual improvement in mine-
safety conditions since 1g9o7, and a particularly notable one
in 1912, a still greater decrease in the death rate can be ef-
fected. Whether or not such an improvement will be made
in 1913 depends larg Iv on the care exercised by the opera-
tors, superintendents foremen, and all others in authority,
and by the miners as well, t> prev nt the rise of dangerous
conditions and to avoid unnecessary risks when such condi-
tions have arisen.

——a D

The R.M.S. “Kyle,” which is being built and engined
at the Neptune Works of Swan, Hunter and Wigham Richard-
son, Limited, to the order of the Reid Newfoundland Co.,
of St. John’s, Newfoundland, was recently successfully
launched. The steamer is intended for the mail and pas-
senger service between Newfoundland and Labrador coast,
and is exceptionally strongly constructed for running the
ice which she will frequently meet on service. She is 220 ft.
in length by 32 ft. beam and will be rigged as a two masted
schoomer. She is to be fitted with accommodation amid-
ships for 68 first-class passengers, including dining saloon
with seating accommodation for 32, ladies’ room, smoking
room, etc., and there will be a good promenade deck for the
passengers’ use. Aft there is to be accommodation for sec-
ond class passengers, 102 men and 40 women, and there are
two hospitals, one for men and ome for women in a deck-
house above, There will be a complete installation of elec-
tric light, including searchlight, efficient arrangement of
steam heating suitable for the climate, and wireless tele-
graphy will also be fitted. The steamer will be propelle
by single screw triple expansion engines. ¢
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COAST TO COAST.

Toronto, Ont.—The Niagara park commission is com-
pleting arrangements for the granting of a concession to a
Spanish company for the installing of an aerial tramway
over the whirlpool. The tramway ‘will be about a third of a
mile long and will cross from one Canadian shore to the
other, greatly lessening the distance which is now covered
by the International Railway which runs around the whirl-
pool. The immensity of the undertaking may be appreciated
when it is considered that the pool must be spanned by a
single cable with no support beyond the towers and anchors
at each end, and that at the same time this cable must be
sufficiently strong to carry the cars and passengers.

Toronto, Ont.—John Gott, chief electrical engineer of the
Commercial Cable Company, has invented a device by which
the Morse dot and dash signals can be used on long sub-
marine cables, and by which a message was sent recently from
Toronto to London, Eng., direct without relaying ; that is, the
message was sent by the ordinary land line Morse key and
read on a Morse sounder. Lord Kelvin invented the first in-
strument to decipher signals, and it was called the Thomson
reflecting galvonometer, or what is commonly known as the
“mirror.” The great objection to the ‘‘mirror’’ was that no
permanent record of the message was sent, the reader calling
off the message to an assistant as it was reflected.  Sir
William Thomson then invented the siphon recorder, which
overcame the difficulty of not providing 'a record. In the
siphon recorder a light coil of wire is suspended in the field
of a powerful magnet, and the movements of the coil in re-
sponse to the current through the cable are recorded on a
narrow paper tape passed in front of a fine glass siphon at-
tached by silk fibres to the suspended coil and dipping into
an ink-well. The end of the siphon traces in ink a line on
the tape, and this line goes up and down in response to the
movements of the coil from side to ' side in response to a
change in the polarity of the current. When a point of the
line rises up above a fixed point it means a dot and a valley
is a dash. Only practice can enable a man to read accurately
and quickly a message by the siphon record. The technical
details of the Gott invention are not being told at present,
but the same voltage as at present used is required, and it
is said that very little new machinery is needed. One feature
of the Gott system is a delicate instrument which magnifies
the faint note of the far-travelling dot and dash, and increases
the volume of sound into a loud click. It is quite probable
in the opinion of electricians that by Mr. Gott’s invention it
will be possible to transmit through automatic repeaters
telegraph signals around the world, and the time will be less
than one second.

Victoria, B.C.—A publication of the Pacific Highway As-
sociation of North America records the creation in Oregon
of a State Highway Department, whose engineer will be at
the service of all county courts that may desire advice and
assistance from him, A strong point is made that all money
raised by bonds for road purposes must be spent along per-
manent lines.  Statistics are given showing amounts of
money expended on roads in Oregon for the last four years
and the number of miles of $5,000 per mile road could have
been built for the same amount. The cost of the Pacific
Highway through Cowlitz county is shown at $8,542.73 for
grading and bridging per mile. The concluding paragraph
of the bulletin runs: “The problems for the Pacific High-
way Association to solve during the next two years are many.
Among the most important is the erection of the Pacific
Highway sign from Redding, California, to San Diego. In

Oregon and Washington the problem is to encourag® :l;e.
local authorities to put the Pacific Highway in as 8%%° o
dition as possible before the Panama Exposition 12 'i
The construction of the highway in (California will be ¥
care of by the state. During the next two years, ong
probably two, hard surfaced roads will be completed ‘h',oug :
out that state from north to south. In British Columbi? by
highway will be completed by the provincial goverﬂﬂ}en o7
1915. This year British Columbia will spend approxi®?
$6,000,000 on roads. ;
Saskatoon, Sask.—The subject of an interPl% i,
highway across Canada is on the programme of the K
of Canadian Municipalities for its next convention at Sasi
toon. In order that the enterprise may be broug L cial
united force to the attention of the Dominion and prov”. 10
governments, municipal councils are now being as s
adopt the following form of resolution: «Resolved, .a
council is strongly in favor of the making DbY, or 17, ciab
junction with, the governments concerned, an interpr?®
highway, of good standard construction, across < Les
This council request the Union of (Canadian MuniciP

to secure united action for the purpose.”
iy

Victoria, B.C.—Following the custom of previous ycg:r
the health authorities of this city soon will start G 1005
campaign against insanitary structures and the andlt:int
which make them a menace to the public from the VI
of health and fire. For some time past the sanitary ins'pe 2!
has been making a tour of the city with a view of listing
those premises which, in his opinion, should be demollswﬁ
and at an early session of the city council authority ©, 1 b
condemnation proceedings against such buildings
sought. There are at present on the list approximateyrouﬁ
buildings and sheds which come within the list of danE®
premises. A wgreat number of these are stables int 410
lying sections, the condition of which cannot be impro¥® jo9
meet the by-law requirements in the way of sewer con
and other sanitary arrangements. Within the past res
the policy of the city in ordering the destruction of s edziaﬂf
been followed. In Chinatown the campaign Was espe qatf
energetic, with the result that a great number of insar::yed'
wooden outhouses, verandahs, fences, etc., were destrctioﬂ
and in consequence the sanitary conditions in that o
materially improved. The medical health officer, 'r. D'avif'
B. Hall, Sanitary Inspector Lancaster, and Fire Chiel = 54
are the officials who are chiefly concerned in this wOL
their joint report will soon be forthcoming. 2

Calgary, Alta.—Mr. R. A. Ross, at present aCt,ing eien‘
eral manager of the Toronto Hydro-Electric, in b1S rwing
report to the city on the power question, made the fo.nothcf‘
recommendations : “For future extensions thereafters L pin
is no change in the art in the next few years, steam i Spit?
with gas-fired boilers will be our recommendation mhe de
of the greater economy of the gas engine. Shoul athf{
velopment of the gas engine or gas turbine OF Somece
improvement render it possible to utilize other sout
power than that recommended there will be no di Cuatioﬂ’
introducing it later when it is ripe. Our recomm®é fro?
are as above in spite of the fact that the gas engu_le: w’!‘b
a power standpoint, is the cheapest. In combinati®™ st
hydro power steam from gas-fired boilers is Cheap": o
hydro and gas engine up to 20,000 kilowats. ;
gas engine is hampered as follows: The great capitd’, wéﬂt'
ment being 100 per cent. more than for steam eq“n; pi?.’
The whole service will depend upon the integrity Of-n 5‘3‘:’“
line 172 miles long. The large gas engine is not ! 55 »
a stage of development as yet as will insure jts sU 286 e
your plant, and the use of smaller units would incfedicz‘ea
capital and operating costs considerably over those 1”




May 1, 1913, THE

masogz tle]p ort. The advantages of steam as compar'ed with
involved 1S case are as follows: The decreas?d capital cost
Standby'. The utilization of natural gas with coal as a
a pl I case of failure of pipe line. T‘he establishment
4t in which every item has been tried out for years

and j 2
o Which no greater

D experimenting is necessary, and the

rob sqe
ability of quick deliveries of apparatus.”

'eCeig:;m:a’ Ont.—In regards the petitions that have b.een

ave tron.l the landowners on a number of streets askmlg
Son issue?irha macadam streets constructed, Controller Nel-
do i the following statement: “What we propose to
than theeste =S is to construct a morelsubstantlal roadway
Mission da_ma macadam as used on the Improvement Com;
bmken‘strwewayj We propose to build up the streets 3

en havone.as. in the case of the ordinary macadam ro;}};
aTvig ande SIX inches of smaller broken stone mixed va-'llt
Stone above this two inches of tarvia and very ne
belie‘: co‘,el:ed with a layer of tarvia and dust. This, 1t 1S
Mcheg o’f W11-1 Prove most satisfactory, making OVer el’lg':llt
residents S;)hd composition of broken stone and tarvia. i 1:.
avenmnt?ong Center Street who petitioned for an asp ad
10 thie 1. St fall are now endeavoring to have 1t change

Ind of roadway, which will be less expens%"e’_no"
uire sprinkling.

Dear|
I Y asg
ke several

tis 5 fiusty’ not so noisy, and does not req
I0tention of the works department to ma :
tarvients in regard to the use of a simple top dressing
Mutch 2 and dust along other streets. Last summer, on
Swe g Street, west of Bank Street, we had the'street
flﬁne oan a thin coat of tarvia and dust put on. This was
=t 'srly once, yet to-day, going along Mutchmore Stree(;
e Dlacese-ct].on’ you will see the effect still remaining, an
We thini 1t is as smooth and hard as the top face of asphalt.
4 Yearg ; that jf this were done continuously for 2 numb;:;

be 55 . 't Would form a solid face on the street that wou
bu’g sood as pavement. We are going to try it on Wurtem-
Mer, 7ot from Rideau north to the end of the street; on
Vest of from Elgin to Bank Street, and on Fourth Avenue,
hat wi i This will be done out of general fund, less
thege Stlll €ome out of the sprinkling that will b'e saveg on
: °etS. The permanent tarvia macadam will be done

lo 2
cal improvement,

exper.
1
0 m

whi::eig 1ne, Sask.—Despite the general financial stringency,
fuy SW'S bu.t slowly loosening up, building operations are 1
oy, (mlng In this city. The steel work has been complete.d
being the ten-story McCaltum Hill building, and work 15
Mepy h shed on Putting on the tiling floors. The announce-
o the o° Peen made with respect to the change of Planj
to Crect ranc_i Trunk Pacific Railway. This company intende

Story A a.mne-stow hotel at a cost of $1,000,000 and a tw;)-
erected ation.  The hotel as originally designed will ee
4 will € station, however, will be much more elalb;?%afai
an%“n e 3 five-story structure, according to the 'o c1d
the hoygy P, and it is now proposed to join the station an

ot :
It ; gzl Y means of a well-equipped underground passag:l
Over g crally understood that the total cost will be W

dl"edg:&oo,c,oo. The Dominion Government has dec{d}idtgz

fne - QWAppelle River where it links uP wit o
akes in the vicinity of Fort Qu'Appelle, 2% 4

atig. T€€ dams, which will considerably increase tar
the y,. ° facilities, The Provincial Government is draining
Suppy Scangy Lake in order to lay pipes for 2 reserve water
the S rfor the Parliament buildings. Construction work og
at the et Tailway extensions has already been started, an
%’k, DreS.e Nt time there are about one hundred me? ?:
expectet; I the course of the next month and 2 ‘half 1t ;
Mtq that there will be at least four hundred employed.

Ta3 er, / on street
"Iy o 225000 will be expended by the €IV
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ELECTRIC DEVELOPMENT UNDER AN
UNUSUAL HEAD OF WATER.

The Swiss, as a nation, are generally given credit for
being the leaders in the design and manufacture of electric
machinery designed for use under high heads of water.
Word comes to hand of a power development scheme which
outdoes, in the use of an available head of water of 5,412
feet, any previous development of which the writer is aware.

Mr. Boucher, of Lousanne, Switzerland, a civil engineer
who has designed many other water power schemes with
comparatively high heads, and who is a member of the
board of the Society of the Electro Chimie, of Paris, has
persuaded them to carry into execution the conversion of the
water power of the Lake of Fully, near Martigny, in Canton
Wallis, Switzerland, with a head of 5,412 feet, into electric
energy. The execution of -this project has been fully re-
solved upon, the work commenced, and the orders for the
necessary materials placed.

The most interesting question in connection with this
scheme arose when deciding in what manner the pipe line
should be constructed in order to withstand a pressure of
2,425 lbs. per square inch at the lower end. However, a
most satisfactory, as well as perfectly simple, solution was
found.

The pipe line in a length of about 23 miles consists of
pipes with inside diameters of 19 11/16 inches and 2354
inches, and thicknesses of from 15/64 inch to 1 25/32 inches.
The pipes of the upper section will be of the well-known
water gas lapwelded type, whereas those of the lower part
will be seamless.

These seamless pipes, which are drawn in strong draw-
presses from a steel ingot, and which can be made up to the
largest diameters, offer as high a security as one could wish
on account of their perfect homogeneity, especially for
schemes of such high demands as the present.

The turbines for 15,000 horse-power will be built by the
engineering firm of Piccard, Pictet & Company, Geneva.
The construction of the pipe line is in the hands of Thyssen
& Company, who possess at Muelheim-Ruhr extensive steel,
plate, and tube works, as well as a water gas welding plant
for large pipes, and where a great many pipe lines for water
power plants have already been constructed.

—_—

PERSONAL.

MR. J. J. ANTONISEN, city engineer of Moose Jaw,
Sask., has been appointed street railway commissioner at
Brandon, Man. Mr. Antonisen is a graduate of Leipzig Uni-
versity and formerly divisional engineer: for the Canadian
Pacific Railway. Prior to going to Moose Jaw he was city
engineer at Port Arthur, Ont.

MR. J. E. ASKWITH, assistant city engineer of Prince
Albert, has been appointed first permanent town engineer of
Redcliffe, Alta.

STANLEY H. FROME, resident engineer of the Grand
Trunk Pacific Railway at Calgary, has been appointed to the
staff of the city engineer of that city. Mr. Frome’s work
with the city will be connected with taking soundings and the
construction of concrete bridges.

MR. W. W. BELL, until recently chief assistant to Major
Hodgins for the construction work of the Grand Trunk Rail-
way, has been appointed engineer for the construction of the
Banff-Windmere Road.
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OBITUARY.

MR. E. B. WINGATE, former city engineer of Hamil-
ton, Ont., and one of the best known civil engineers in Can-
ada, died recently at the age of 58 years. Deceased was a
native of Philadelphia, Pa., where he received his education
and was employed in the engineering department there. He
planned the tunnel and bridge at the canal for the T. H. & B.
Railway. He was shortly after appointed city engineer of
Hamilton, from which position he resigned owing to ill-
health caused by hardships suffered while engaged in rail-
road work in South America.

—_————

CANADIAN PUBLIC HEALTH ASSOCIATION
CONGRESS.

The 3rd annual congress of the association will be held
in Regina, Saskatchewan, September 18th, 1gth and zoth.
Local secretary, R. H. Murray, Bureau of Public Health,
Regina.

Arrangements are now being made by a local committee
and further information will be available in the course of a

few weeks.
—_—eao———

COMING MEETINGS.

CAVADIAN ELECTRICAL ASSOCIATION.—Annual Convention will be
held in Fort William, June 23, 24 and 25, Secretary, T. S. Young, 220 King
Street W., Toronto.

THR INTERNATIONAL ROADS CONGRESS.—The Third International
Roads Congress will be held in London, Bngland, in June, 1913, Secretary, W
Rees Jeffreys, Queen Anne's Chambers, Broadway, Westminster, London, S.W.

THE INTRRNATIONAL GEOLOGICAL CONGRESS.—Twelfth Annual
Meeting to be held in Canada during the summer of 1913. Secretary, W. S.
Lecky, Victoria Memoriam Museum, Ottawa.

—el-
ENGINEERING SOCIETIES.

CANADIAN SOCIETY OF CIVIL ENGINEERS.—413 Dorchester Street
West, Montreal. President, Phelps Johnson; Secretary. - Professor
C. H. McLeod.

KINGSTON BRANCH—Chairman, A. K. Kirkpatrick; Secretary, L. W Gill;
Headquarters : School of Mines, Kingston.

MANITOBA BRANCH.—Chairman, J. A. Hesketh; Secretary, E. E. Brydone-

Jack, 83 Canada Life Building, Winnipeg. Regular meetings on first Thursday

of every month from November to April.

OTTAWA BRANCH—

177 Sparks St. Ottawa.  Chairman, R. F. Uniacke, Ottawa; Secretary,

H. Victor Brayley, N.T. Ry., Cory Bldg. Meetings at which papers are

read, 1st and 3rd \Vednesdays of fall and winter months; on other Wednes-

day nights in month there are informal or business meetings,

QUEBEC BRANCH—Chairman, A. R. Decary;iSecretary, A. Amos; meet-
ings held twice a month at room 40, City Hall.

TORONTO BRANCH—96 King Street West, Toronto. Chairman, E. A. James :
Secretary-Treasurer, A. Garrow. Meets last Thursday of the month at
Engineers’ Club. r

CALGARY BRANCH—Chairman, H. B. Mucklestone :oiSecretary-Treasurer,
P. M. Sauder.

VANCOUVER BRANCH—Chairman, G. E. G. Conway ; Secretary-Treasurer,
P. Pardo Wilson, Address: 422 Pacific Building, Vancouver, B.C.

VICTORIA BRANCH—Chairman, F. C. Gamble; Secretary, R. W. Maclntyre:
‘Address P.O. Box 1290. Meets 2ad Thursday in each month at Club Rooms,
584 Broughton Street.

MUNICIPAL ASSOCIATIONS

ONTARIO MUNICIPAL ASSOCIATION—President, Mayor Lees, Hamilton.
Secretary-Treasurer, Mr. K. W. McKay, County Clerk, St. Thomas, Ontario.

: SASKATCHEWAN ASSOCIATION OF RUKAL MUNICIPALITIES.—
President, George Thompson, Indian Head, Sask. ; Secy-Treasurer, E. Hingley,
Radisson. Sask.

rHE ALBERTA L. L. D. ASSOCIATION.—President, Wm Mason, Bon
Accord, Alta. Secy-Treasurer,James McNicol, Blackfalds, Alta.

THE UNION OF CANADIAN MUNICIPALTIES.—President, Chase.
Hopewell. Mayor of Ottawa; Hon. Secretary-Treasurer, W, D. Lighthall, K.C.
Ex-Mayor of Westmount.

THE UNION OF NEW BRUNSWICK MUNICIPALITIES.—President,
Councillor Siddall, Port Elgin; Hon. Secretary-Treasurer J. W. McCready, City

Clerk, Fredericton.
UNION OF NOVA SCOTIA MUNICIPALITIES.—President, Mr. A. S.

MacMillan, Warden, Antigonish, N.S, ; Secretary, A. Roberts, Bridgewater, N.S.

UNION OF SASKATCHEWAN MUNICIPALITIES.—President, Mayor
Bee, Lemberg; Secy-Treasurer, W. F. Heal, Moose Jaw.,

UNION OF BRITISH COLUMBIA MUNICIPALITIES.—President, Mayor
Planta, Nanaimo, B.C.:; Hon. Secretary-Treasurer. Mr. H. Bose, Surrey
Centre, B,C.

UNION OF ALBERTA MUNICIPALITIES. — President, F. P. Layton,
Mayor of Camrose; Secretary-Treasurer, G, J. Kinnaird, Edmonton, Alta.

UNION OF MAN(TOBA MU NICIPALITIERS.—President, Reeve Forke,
Pipestone, Man.: Secv-Treasurer. Reeve Cardale, Oak River, Man.
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ALBERTA ASSOCIATION OF ARCHITECTS.—President, R W
Edmonton ; Hon. Secretary, W. D. Cromarty, Edmonton, Alta. .. . L. [
ALBERTA ASSOCIATION OF LAND SURVEYURS.—Pres:deﬂ’ontO“'
Charlesworth, Edmonton; Secretary and Registrar, R. W. Cautleys “idﬂ‘"
ASSOCIATION OF SASKATCHEWAN LAND SURVEYORS-’lJr
A. C. Garner,Regina; Secretary-Treasurer, H. G. Phillips, Regina: t, N Mo
ASTRONOMICAL SOCIETY OF SASKATCHEWAN.—Presideft
Murchy ; Secretary, Mr. McClung, Regina. ,esldwt'
BRITISH COLUMBIA LAND SURVEYORS’ ASSOCIATION: — rids G
W. S. Drewry, Nelson, B.C.; Secretary-Treasurer, S. A. Roberts. v{ctt:, Ho“u
BRITISH COLUMBIA SOCIETY OF ARCHITECTS.—Pres! b
Horton ; Secretary, John Wilson, Victoria, B.C. PR
BUILDERS' CANADIAN NATIONAL ASSOClATION,—Presideﬂ y ;
Nesbitt; Secretary-Treasurer, J. H. Lauer, Montreal, Que. ,esidd‘:':

CANADIAN ASSOCIATION OF STATIONARY ENGINEERS;ﬁton. e,
Gillespie, Toronto, Ont.; Secretary-Treasurer, Wm. Snaith, § o
{ATION
Secretary, T. S. Young, 220 King Street W., Toronto. arw”'
9y
Hamilton, Ont.
Richmond Street West, Toronto. pres
ty
Montreal. ndot!
Lo

Wm. Norris, Chatham, Ont.; Secretary, W. A. Crockett, Mount Haf ¢
CANADIAN CEMENT AND CONCRETE ASSOCIATION~7—K§ej£§: Bieet
Toronto, Ont.
CANADIAN CLAY PRODUCTS' MANUFACTURERS’ ASSOCUL =
President, W, McCredie ; Secretary-Treasurer, D. O. McKinnon, Tor0 ottav?’
CANADIAN ELECTRICAL ASSOCIATION.—President, A. A.Diofs
CANADIAN FORESTRY ASSOCIATION.—President, Hon.W- A.Ch
M.P., Toronto; Secretary. James Lawler, Canadian Building, OttaW:' Geﬂ“‘
CANADIAN GAS  ASSOCIATION.—President, Arthur HeWith ot
Manager Consumers’ Gas Company, Toronto ; John Kelilor, Secretary” wnf'
—pres
CANADIAN INDEPENDENT TELEPHONE ASSOCIATION: g;ggw #
W. Doan, M.D., Harrietsville, Ont. ; Secretary-Treasurer, Francis gent
THE CANADIAN INSTITUTE.—198 College Street, Toronto-
J. B. Tyrrell; Secretary, Mr. J. Patterson. presi®®el,
CANADIAN MINING INSTITUTE.—Windsor Hotel, Monttea}' dsof Ho
Dr. A. E. Barlow, Montreal; Secretary. H. Mortimer Lamb, Win
CANADIAN PEAT SOCIETY.—President, J. McWilliam, M'ID"B
Ont.; Secretary-Treasurer, Arthur J. Forward, B.A. 22 Castle

Ottawa, Ont. idents or
THE CANADIAN PUBLIC HEALTH ASSOCIATION.—Pres€oais
Charles A. Hodgetts, Ottawa ; General Secretary, Major Lorne Druffh
CANADIAN RAILWAY CLUB.—President, James Coleman; o
James Powell, P.O. Box 7, St. Lambert, near Montreal, P.Q. W ol
CANADIAN STREET RAILWAY ASSOCIATXON.—PreSIde‘t‘o:
Dubee, Montreal; Secretary, Acton Burrows, 70 Bond Street, Toronto _ o
CANADIAN SOCIETY OF FOREST ENGINEERS.—President: D&u L !
Toronto.: Secretary, F. W. H. Jacombe, Department of the Interiofs ”idﬁ’”’
CENTRAL RAILWAY AND ENGINEERING CLUB,—TorOHtOZrd Tﬂ"‘
G. Baldwin ; Secretary, C. L. Worth, 409 Union Station. Meets thi ’
each month except June, July and August. ott i
DOMINION LAND SURVEYORS.—President, Mr. R. A. Belangef”
Secretary-Treasurer, E. M. Dennis, Dept. of the Interior, Ottawa. 54
EDMONTON ENGINEERING SOCIETY.--President, J- Chalmers"
ary, B. F. Mitchell, City Engineer’s Office, Edmonton, Alberta.

gents
ENGINEERING SOCIETY, TORONTO UNIVERSITY.—Presid®”

Mechin ; Corresponding Secretary, A. W. Sime. 9
ENGINEERS' CLUB OF MONTREAL.—Secretary, C. M. Stratée™ gy
Hall Square, Montreal. P viglml
ENGINEERS' CLUB OF TORONTO.—9% King Street West-dny e
Willis Chipman ; Secretary, R. B. Wolsey. Meeting every Thurs! ca?
duringthe fall and winter months. 5 Dr. G *‘;‘r
INSTITUTION OF ELECTRICAL ENGINEERS.—PresldﬂIt' f 'SG“'
Secretary, P. F. Rowell, Victoria Embankment, London, W.C-: Hau'e_
Treasurer for Canada, Lawford Grant, Power Building, Montreals dents B‘ufl
INSTITUTION OF MINING AND METALLURGY.—PresiCtinbeftr
Taylor; Secretary, C. McDermid. London, England. Canadian w. He [
Council :—Prof. F. D. Adams, J. B. Porter, H. E. T. Haultain and .
and Messrs W. H. Trewartha-James and J. B. Tyrrell. F sﬂo
INTERNATIONAL ASSOCIATION FOR THE PREVENTION o
—Secretary R. C. Harris, City Hall, Toronto. W Fi
MANITOBA ASSOCIATION OF ARCHITECTS.—President, ¥ sart’
Winnipeg: Secretary, R. G. Hanford. 4
MANITOBA LAND SURVEYORS.—President, J. L. Doupé: ines
Treasurer, W. B. Young, Winnipeg, Man. sydﬂ‘yﬂ
NOVA SCOTIA MINING SOCIETY.—President, T. J. Brown: £
C. B.: Secretary, A. A. Hayward. slde"tbﬁﬁ"
NOVA SCOTIA SOCIETY OF ENGINEERS, HALIFAX.—PLeC s
MacKenzie; Secretary, A. R. McCleave, Assistant Road Commiss th
Halifax, N.S . c.p-M
ONTARIO ASSOCIATION OF ARCHITECTS.—President, ©* entt
Ottawa; Secretary. H. E. Moore, 195 Bloor St. E., Toronto. _p dgb!‘
ONTARIO PROVINCIAL GOOD ROADS ASSOCIATIONé“. whi
N. Vermilyea, Belleville; Hon. Secretary-Treasurer, J. E. Farew pie
Secretary-Treasurer, G. S. Henry, Oriole. 5.8 po
ONTARIO LAND SURVEYORS’ ASSOCIATION.——Presideﬂt' dl’"
Thessalon: Secretary, L. V. Rorke, Toronto. cce B I
TECHNICAL SOCIETY OF PETERBORO.—Bank of Comﬂ‘:o ont:
Peterboro. General Secretary, N. C. Mills, P.O. Box 995, Peterbo! J. W po°
THE PEAT ASSOCIATION OF CANADA.—Secretary, wm- ¢ ot
New Drawer, 2263, Main P.O., Montreal. _8 cet
PROVINCE OF QUEBEC ASSOCIATION OF ARCHITBCTS' ot
J. E. Ganier, No. 5. Beaver Hall Square, Montreal. nggtol" :
QUEBEBN'S UNIVERSITY ENGINEERING SOCIETY.— i
President, W. Dalziel ; Secretary. J. C. Cameron. herso™
REGINA ENGINEERING SOCIETY.—President, A.J. McP! # ("
Secretnry, J. A. Gibson, 2429 Victoria Avenue, Regina. ideﬂt' gn‘l
ROYAL ARCHITECTURAL INSTITUTE OF CANADA-—PgesBeE
Russell, Winnipeg, Man. ; Hon. Secretary, Alcide Chausse, L ﬂ,ﬂ'
Square, Montreal, Que. is B St
ROYAL ASTRONOMICAL SOCIETY.—President, prof. Loui$
Toronto ; Secretary, J.R. Collins, Toronto. chaif’
SOCIETY OF CHEMICAL INDUSTRY.—Wallace P. Coho®: I
Alfred Burton, Toronto, Secretary. MGG“‘L
UNDERGRADUATE SOCIETY OF APPLIED SCIENCE: el
VERSITY.—President, W. G. Mitchell; Secretary, H. F. Cole. id&“t' D‘“‘p.o'
WESTERN CANADA IRRIGATION ASSOCIATION.——Pl’gs Rgﬂ““"
Marshall, Edmonton. Alta. Permanent Secretary, Norman S* t’d'
Box 1317, Calgary, Alta. 13 cetlet
WESTERN CANADA RAILWAY CLUB.—President, R R¢ Nl adeyr ©
con

W. H Roasevear, P.0O. Bax 1707. Winnipeg, Man.
June. July and August at Winnipeg.




