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STRESSES IN CIRCULAR PIPES.

WITH SOME NOTES ON THE DESIG
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N OF LARGE WATER CONDUITS— A CALCULATION
L WATER PRESSURE, WEIGHT OF THE SHELL,
UITED FOR CASES OF LARGE DIAMETER PIPE
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By T. H. HOGG, B
Assistant Hydraulic Engineer, Hydro-

the Th.e analysis of the stresses in circular pipes due Eg
inteppe S0t Of the material in the pipes themselves, 19
: s and_external water pressures, and to (1% ﬁrhas
been of IOadn}g, is a subject to which little attentio

Cvoted in engineering literature.

Conditihen the pipes are relatively small in dia}me’izr, r‘;}:
thog OnS are such as yield to simple approxufnionduits

ang ;0" Mvestigation. - With the larger sizes 0
ﬂn(cil vVpe's now being used so extensively in water sufpgﬁz
Weig aer power systems, however, the question O 2
at b of the shell itself, and the differences 11 presméer
Map 9P and bottom of the pipe when conveying “;ant
}(:nzontal position, become exceedingly 1mpor ﬁ? d
Somg ,:> Paper is presented in the hope that it will affor

Thee 4 to the erIl)g‘ineer in the design of such conduits.

Yo"t of the analyss coniained in it nete A
€ Write : der the di
T ter was working un The system fol-

loyeq: D John : Fall

ed son, of Niagara Falls.

duet%’“ the development gf the theory of the streliszs
C. Wy, pater pressure is along similar lines to the wor

i o Filki - loped the stresses
lnc1rcular 1S and E. J. Fort, who FEIZZ ?i% - themselves,

g Tings due to the weight o ! : 4
hsheguiento external water pre%sure. Their work is gllvt;
Engine the “Transactions of the Association O

€18 of Cornell University,” for 1896.
niversity, Ior .
stresse};e: fol_lowing discussion takes up the analysis of Jrl';e
The Ineéﬁ Circular conduits due to internal water Presesi hi
X the ,.0d of combining the stresses due t0 the weig

: i
Quegg; > 1€l and o the water pressure is reviewed; thy

o w o the design of large conduits for the carrying

Vatey o 18
1°glca1ef) 'S dealt with, and the equilibrium shape agbfédf
» I preference to the circular, 18 descrl

Sty, s
Jsug]y, SSes Dy ater Pressure.—1t 1
Vva.teily aSSumeq ?nt(:)ﬁ gﬁ?iiezresses due to, mt%mreil}
:0 ntanpressure in circular pipes or conduits, lying ?11
he ter? bt it i quite sufficient to take into account only
glromentslon induced in the shell, and that the bendtl_‘ﬁg
e Sture }Tln 8y be neglected. This is only true when P

& €ad is infinite and may be grossly 1n err(;i‘ w. e

Vely 1. 2€ad is small, and the diameter of the }Iiere

Y large When the latter condition exists t
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is a greater pressure at the bottom than at the top, and
this causes large bending moments in the shell.
Throughout this discussion the ring is assumed
supported on a knife edge, and water pressure is as‘sumed
level with the crown of the pipe. The ana1y51s_ also
assumes a thin ring of homogeneous material, having a
constant modulus of elasticity, and that the changes from

8
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Fig. 1.

a circular form will have little effect upon the dimensions
rin i ye .

= th’(la‘hesg assumptions are merely to facilitate the a_pph-
tion of theory. When the results have been obtained,
;?actical considerations which affect these considerations

will be discussed.
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The following nomenclature will be used throughout
the paper:

H =head of water above top of pipe.

r=radius of circular pipe.

M =bending moment in pipe.

M,=bending moment in pipe at top.

M, =bending moment in pipe at bottom.

M o =bending moment in pipe at maximum point
on side.

T =tension in pipe.

T, =tension in pipe at top.

T,=tension in pipe at bottom.

¢=angle to different points (expressed in radians).

bmaz=angle to maximum bending moment point
on side.

$,=angle to upper node point (point of no bending
moment).

¢, =angle to lower node point (point of no bending
moment).

v =weight of cubic foot of water.

J =shear at any point.

Jes=shear at top.

Jo=shear at bottom.

dp=arm of bending moment.

d,=arm of the bending moment at top of pipe.

Fig. 2.

We will assume that the reader is familiar with the
three general formulae for arch ribs, viz.,

BMds fB BMde fB
JEI i by P

fBdes f"
= dy.
S BT b

" situations will apply.

Volume 25

The ring is a continuous curved beam to which thesé

The forces acting upon the pipe may be appreciaf/ed g
by looking at Fig. 1. If we cut the pipe at B and D at¥
consider the forces acting on the section to the right, ¢
obtain the system of forces shown in Fig. 2.

Taking the centre of moments at the neutral a5
at D, we obtain:

My = Mg — 2Tgr + J‘: r(1 — cos ¢) dp sing

Now,
dp = yr* (1-cos ¢) d ¢; and,
sin ¢ dp = yr’ (1-cos ¢) sin ¢ do.

Therefore,

MD=MB—2TBr+JZy 7> (1-cos ¢) sin ¢ d¢
Integrating, we obtain:

M,=M,—2Ty7r + 277,

Now, consider as a free body that portion of pipe
in Fig. 3.
EIay = [ Mads; ds = rdé = rdo;

— M = M, — T+, pds;
pds = vr* (1-cos 6) do;
x = r sin (¢—0);
y = r(l-cos ¢).
Therefore,
—M = My, — Tgr (1-cos ¢)
S jg’ ¥r® (1-cos 6) sin (¢—10
= Mz—Tyr + Tyr cos ¢
+ yr3ff (1-cos 6) sin ( )
= My— Tyr + Tgrcoso + yr3 (1-cos p—% @ sin 0
Therefore,
EIny = | Mxds = | M sia ¢ do,

=f1r [(M_Br2 et T 4 7°) sin ¢ do

+ (Tyr? — yr’) sin ¢ cos ¢ dp — ¥ v ¢ gin? ¢ d¢]
Solving the above equation we obtain:

show?

) d;

¢/0) dbr

z
i

EIay = —2 (My?* — T + v°) + 8
also, EIA x= f " M(ds)y = o, since B has 1o oV
horizontally, and since its tangent is horizontal.
Now, y = r (1-cos ¢); ds = rdé.

Therefore, EIax = 1| «Mds — ¢ [ M cos & 4
ie,0o =7r f";r Mds — r"f’é M cos ¢ d¢-

Substitute value of M found above and solve- $

r

Therefore, —f: M cos ¢ d ¢ =f: [(Ms" T + 7']
6]

cosdde + (Tar— 11°) cos’d b — ¥ 71" $sin SOHE ]
y i

Therefore, —j:M cos pd ¢ = 121 {Tar-—‘v"s} il

or, | Myds = ”—;{ B_i_;_r’} = o; #

and, therefore, Ty = %77’2.
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Now, f : Mds =0 = j: [M rdp —Tor* (d¢ — cos ¢ dg)
+yr* (dp — cosep do —% ¢ sing do) ];

Whence, solving the above,
M, = L

il Yoy AL
(i 1

Therefore, M, = yis

N 4
ow, MD =0 2‘)’7’3 e O

Il

3 3
77 3 3')/7’
— o D =
4 L 2

3

=Zy,3 -
NOW’\M = M,— Tar + Tyrcos¢ +y° (1—°°S¢

i s LN b7 58
T ) Psing ) = 773 (2_—4.~cos¢—2—¢ sim ¢),

Which ;
hich g the general expression for the bending moment.

Fig. 3.

Sﬁtu;l;o find the shortening of the vertical diameter, sub-

e values of M, and T, in the equation:
o e
s — 2 (M, 2 — Tyt or )k gt

We o
4y < 'y\rS (7"2 pL . ﬂ_s

0 .
o the lengthening of the horizontal diameter,

Era.w
il TR
Y .
e §j§[(MB—— 41017 (1—cos#) d9

(TBT —_ ’YTB) TZ(COS & COSsz) d¢ ]

it -21- 15 (1-cosp) ¢ sing d%
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: e
Solving, —EIAx = v (1.5m — 5),
= — 0719 775,
v
Therefore, Ax = .0719 —.
EI
The whole change in horizontal diameter,
5
S e quag T
EI
In order to find the value of ¢ where the moment is a
aximum, place gad = 0

Therefore, Tyrdcos¢—r'dcos¢ —ivr*d psing = o.

Fig. 4.

Differentiating and simplifying, we obtain:

i
tp = —=,
¢ cot ¢ 5
— 2¢ = tan ¢.
By trial we find ¢ = 105° - 13’ - 45.4” ; also ¢=o0.

3
Now when ¢=o0, the maximum moment My = o
When ¢=105° - 13’ - 45.4" substitute in the expression
for the moment, :

—M = Mp—Tpr+Tprcos ¢

+ 77 (1—cos¢—-%¢sin¢),

and we obtain,

M= —.3203 v° .

Assembling and comparing the values of the moments
3

3
found, we see that Mp = -+ 7;_’ ‘Mp = + e
and Mpee = — 320371°,
Therefore, we see that the moment of the stress couple
changes sign (i.e., passes through zero) between Mp and
Mz and between M. and Mp.
Place M in the general equation, equal to zero, and solve

for ¢-. ﬁ
%
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7 (;— L i cos ¢ - %—q&sin ¢)=M=o.

Therefore, ¢ sin ¢ + ; cos ¢ = 1,

or, ¢ = 50° - 36’ — 454
also, ¢ = 146° — 19" — 5L
Now, considering Fig. 4, we see that the value of dp
=v7* (1-cos 6) déb.
Therefore, the sum of the vertical components of all the
dp’s between o and ¢

= f¢dp cos 6 =f¢’yrz (1-cos 6) cos 0 do,

Il

1 065
y? (sin ¢ —=¢ — sin 2 )
r ( mn ¢ 2—4) i (0] .
And the sum of the horizontal components of all the dp’s
between o and ¢

=f¢ dp sin 6 =f¢ yr? (1-cos 6) sin 6 @6,
o o

2
= (cos 6—1+ o ¢)

2
In Fig. 4 place the vertical components of the acting
forces equal to zero.
Therefore,

Jcos ¢ + T sin =77 (sinqb-;—qs——;— sin¢cos¢)'
Placing the horizontal components equal to zero,
]siﬁ¢— T cos ¢ = %er — ¥ cos ¢ + v* — % vr* sin’¢p
Solving these equations for T and J, we obtain:

T="7" (1—;— ¢ sin ¢——:11— cos qb)‘
J=vr (l ¢ cos ¢ +lsin¢)
2 4 .

The above discussion has assumed that the pipe is
just filled to the top with water. It is easy to see that the
bending moments are not affected by the water pressure
after the top is passed. In other words, the bending
moments induced in the shell are caused by the difference
in pressure between the top and any point on the shell
chosen; and this difference remains constant for any
head above the top. The tension in the shell, however,
varies directly with the head, and is equal to Hvr, where
H is the head on the top of the pipe.

This amount must be added to the above obtained
value of the tension to obtain the general expression.

Formulae for Stresses Due to Internal Water Pressure
D g 1
= —yr® (E_Z cos ¢ — 5 ¢ sin ¢),
2 1 155318
T=Hyr+7r I—Zcosqﬁ—a bsing ),
T P .1__ + _1_ :
J=rr 2¢cos¢ g Sue)

71'3,

|

M, =

Volume 25-

MD i Yris

Mo = —.3203 77°,
3
. = Hyr+ " v,

=
4

7

55 = UERA % vr?,

bmax = 105° — 13’ — 454,
by = 50° — 36’ — 45",

¢p = 146° — 19" — 25",
5

ANpRIG
A =0719 R
]

2 O
Dy = 2331 =,

To show the results clearly, let us plot a bend}ﬂg
moment diagram. We can always express the bendif2
moment in terms of the tension multiplied by the arm g
the moment. Therefore, if we divide the bending mome?!
at any point by the tension at the same point, we O
the arm of the bending moment at that point.

M
Let dp = e arm of the bending moment,

—v ( 1_,_ 1—cos o— 1—¢ sing, )
2 4 2
it {H-H’ ( 1——1— cos ¢——1‘¢o sing )}
4 2

7 (,+)
\2 ] where k = —}I cos ¢——%—¢A siné-
Hir.'. k

r

Plotting the values of dp readily, for different valuZl
of ¢ we can represent the bending moments as show?’ .
Fig. 5. This curve is the equilibrium polygon for
assumed conditions. he

The arm of the bending moment at the toP of

)

1 3
, 7 MR
pipe, do = el Hr_dw+§ ey
4
g
L H+§,’
4 :

Stresses due to the Weight of the Shell.—The analySC

of the stresses due to the weight of the materl st
shell of the pipe is similar to the method we have a{p""
employed. As this case has been developed in the pf,o in
by Mr. C. W. Filkins and Mr. E. J. Fort, referred Sy
the introduction to this discussion, we will not repez ced
discussion here. The following are the formulae & el
by them for the stresses due to the weight of the a5

1
M=pr (qb sin ¢ + 5 cos ¢——1)
1
T=9pr (¢> sin ¢—E cos ¢)

1
J=1>r(¢c05¢+5sin¢)
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1
e = 5o,

3
o = o,
Mo = —.64076 pr?,

TB:;—pr=TD:

Pmax = 105° — 13’ — 454",

¢U =S 367 = 45//,

¢L =N46°—- 19/ = 25//,

Ax = 1438 20
i o :

4
Ay = 4674 7"
EI

3;2? only new Syml:;ol here is, p, which represents the
18ht of a unit length of the pipe.

exte Stresses due to Back Fill.—The stresses due to an

cin ™al concentrated vertical load on the crown O _é

djainula‘r Pipe whose thickness is small as compared to I
‘Meter, have been investigated by several writers.

Max

Sur,PPORT

THEORET/IC
Fig. 5.

g : er
Y the clearest exposition of this case (’;?S%:;f_igu_

€ Cases of a distributed vertical load, anfuetm No.

P rob

. obah]
ik
2, yertical ang horizontal loads is given 11 :
"Teg,f;‘ Versity of Illinzc?is Engineering Experiment %ﬁf‘g}é
Pipe » Of Cast Iron and Reinforced Concrete

d'is-cu’s by AN, Talbot. The reader is referred to this
Slon, f

due to a concen”

The |
trate, bendlng moment at the crown 159 Pd, where .

18 the Vertical load P is equal to MB =
Mean diametér of the pipe.

loag .° k?ending moment at the crown dt

i Stributeq uniformly over the horizontal Pro

on of ! 1 is the
I the ring i equal to Mp = 7¢ wd-» where d 18
y . al load on @

Qean g:

Tlug 01:‘d~1 Meter of the ring and w is the tot

logy Lhe * length,

% distlg?]:e)nding moment at the ¢
uted over the horizont

due to a vertical
jec-

ical
rown due to a vertic
al section of the pipe
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as before and to a horizontal pressure uniformly distribu-
ted vertically against the pipe is equal to

1
MB—R

where wis the total vertical load on the ring, and ¢ is the
ratio of the horizontal to the vertical intensity of pressure.
The bending moments, it will be noted, are only given
for the crown of the pipe. The reason for this will be
clear on following the remainder of the discussion.

The reader is also referred to a paper by B. Haukelid
in the June 14, 1913, issue of the ENGINEERING RECORD,
on the “Stress Analysis of Circular Tubes.” In this
paper, Mr. Haukelid takes up the analytical and graphical
determination of the stresses in circular tubes under
various conditions of loading, and his analysis will be of
assistance in connection with the results obtained in this

article.

1— q) wd,

INTERNAL PRES SURE HEAD

: Theoretic Support.
Fig. 6.—Illustration of Equilibrium Curve.

A comparison of the formulae for the stresses due to
internal water pressure, with the formulae for the stresses
due to the weight of the shell, shows that they can be
easily combined. It will be noted that angles from the
vertical to the four nodes, or points of cqntra-ﬂexu.re,
are the same for both cases, and that the bending moments
due to both causes are proportional at all points on the
circle. -

The analysis of the stresses in circular conduits due
to internal water pressure has demonstrated the bending
moments induced when such conduits are in a horizontal
position. Where the diameter of the conduit, in an in-

ividual case, is large and the pressure head is compara-
tively low, these bending moments become very important,

A N
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so important that it is usually better to use a shape more
nearly conforming to the equilibrium polygon. Mr.
R. D. Johnson, in a paper before the American Society
of Mechanical Engineers, printedfin the May, 1910,
Journal of the Society, on “The Hydrostatic Chord,”
presents very clearly the reasons against the use of the
circular shape for such conditions. In this paper he also
describes the hydrostatic chord, a curve which is eminently
satisfactory for use under the conditions.

: The hydrostatic chord is the curve which results when
a flexible inextensible substance is loaded by fluid pressure
which varies according to the head or depth of water at
any point. For purposes of illustration, let us assume
we have a large soft hose. If this is laid on a
horizontal ~surface, it immediately flattens out.
When it is filled with water gradually, it rounds out, but

H

sp= Constant

Theoretic Support.
Fig. 7.—Illustration of Hydrostatic Chord.

with a flattened oblate form. As the pressure is increased
it becomes more nearly a circle. As this flexible material
cannot take any forces due to bending, it is easy to see that
the shell is in a condition of pure tension, that this tension
is equal throughout, and of finite value. 1If, on the other
hand, this hose were hung in a vertical position and filled
withlwater, it immediately takes the shape of a circle, as
the pressure at any horizontal plane is uniform at all
points on the shell. :

The hydrostatic chord is the same as the hydrostatic
arch with the stresses all reversed. The only investigation
of this arch the writer has seen is that found in Rankine’s
“Applied Mechanics.” i

Since the tension in the hydrostatic chord is constant
at"all points in the shell, and this tension is measured by
the product of the radius of curvature, and the head at

Volume 25-

that point, it is;an easy matter to construct the shape for
any desired condition. The equation of the curve

hp = a constant, where / is the head to any point on the
curve, and p the radius of curvature at that point.

. With the practical elimination of the bending mo
ments in large conduits by the use of this shape, 2 9
considerable saving in the material of the shell will rest t,
and its use under certain conditions is almost a necessity:

The conditions to be met with in the design of 1a€°
conduits under relatively low-water pressures, :
water pressure, back fill, and the constant weight of the
shell. The water pressure will in all probability vaty
between certain defined limits, also the back fill.
choosing an equilibrium shape midway between the shape®
for the Limits of the water pressure, the stresses due t0
various loads may be reduced to a minimum, and the
material of the shell thus will be greatly lessened.

Reverting to Figure 5, the equilibrium polygont for
a circular pipe under water pressure, the method of 0P
taining this polygon shows that any number oft
curves may be plotted, as different values of H may
taken, and it is clear that these polygons will all p
through the same node points. :

The question may arise in the reader’s mind Wh.ether
the equilibrium polygons shown in Fig. 5 and Fig, wi
and the hydrostatic chord shown in Fig. 7 are not ident! ol
for the same head and radius. They are not identt
because the water pressures on the hydrostatic curve
normal to the curve itself, while the water pressures e
in obtaining the equilibrium polygon are normal t0 :
circle. There is very little difference, however, betw i
the curves, for the conditions under which these shaP
would be used in actual practice.

The assumptions, made in the early part of this pape”
on which the mathematical analyses of the stresses 1Z1if9
developed, were that the pipe was supported on & == ¢
edge, and that the shell of the pipe was a thin £if8
homogenecus material, having a constant modults
elasticity. These conditions are not strictly true o
pipes made of cast iron, steel, concrete or reinforced coefe
crete, with regard to the later assumptions; but ®
will be little error in practical design. In practiC® =
conduit will probably be laid on a continuous P
saddle of concrete, and in this case, the bending Iﬂ(_’me%ﬂ
in the shell will be materially reduced. InveStl,gat,iohe
will usually show that the maximum moment, 3% i
case of a conduit supported on a continuous saddles o
at the top of the pipe, and therefore the strength nes o
considered only at that point, if the shell is of unifo
thickness and uniform material. he

If in the judgment of the designer, the size ,°f o
conduit, and the water pressures to which it is Sub]eg fo
are such as to justify the use of the hydrostatic chor® st
the intermediate pressure head; the bending T qy¢
induced in the shell for any head may be compute‘,1 ab )
point, by noting the intercept between the equilib?
curves for the intermediate pressure head and the  “pe
under consideration. The bending moment will thg’? g
equal to the tension at that point multiplied by th!
tercept. the

The tension for any point is obtained fro™
formula previously derived, viz.,

T=y {H+r(14k),
ol

and the value thus obtained for the particular point b
investigation is multiplied by the intercept. b;a&

The total stress is obtained by combining alg® shelh
ally the bending stresses due to the weight of theto b
the back fill, and the weight of water, and ad
amount the tensile stress due to the water pressir®’
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SOME pPHASES OF THE CHANNEL TUNNEL
CONTROVERSY.

HE question of a tunnel under the English Channel
was referred to in The Canadian Engineer, Sept.

11th issue. At the Franco-British Travel Con-
Was _8ress, held in London Sept. 23rd, the enterprise
an eleen t‘hOrough discussion. The.tunnel, Ylewed as
o N8ineering problem, was dealt with by Sir Francis
%, Whose remarks were, in part, as follows:—
"The grey chalk through which the tunnels would be

b :
to *ed is 8 ft. thick at Dover and 7o ft. thick at Sangatte.
. POSsesses the peculiar property of gradually ‘puddling

ltse . . . .
is ;f and becoming impervious. Containing no flints, it
Sli,'dess_far as can be ascertained, free from ﬁ§sures and

i but should a fissure be encountered, it may be

€ag;
te::ly fa“_d satisfactorily dealt with by means of the sys-
i hlgh-pressure grouting which has been introduced

Wit . . .

WOL}:IIS the last five or six years. A drainage heading

towar € driven from each side of the Channel, rising

With SC}]S the centre, and connected at Dover and Sangatte
a

fts for pumping and winding.
circulazhte main tunnels would consist of two. sin_gle-traclg
thys 1, unnels, each of 18 ft. net internal diameter, an
the rirtge enough to accommodate the rolling stock 0
tiveg flsh and French lines, except only tl:lell' locomo-
tives’ofor which would be substituted eIe.ctrlcal .locomo-
ning u ample power to deal with the heaviest train$ run-
the m, POn. the main lines. Including the junctions wit
lengﬂ? ™ lines of railway in England and France, the total
u of each tunnel would be 31 miles, the actual length
Water being 24 miles. The tunnels would be placed
of . 2Part, and lined throughout by cast-iron segments,
St teI()ie Strength to resist any possible pressuré, and
: o on the outside so as to secure a covering of ce-
L 'h would not only prevent leakage into the tun-
g ,thau also preserve the plates from corrosion. l‘kssum-
Per vy '7 yards per day could be maintained for siX d?ys
e ef’ the annual progress would be about three mfles
Woulq . €€ so that the driving of the drainage heading
¢ Sccupy four years.
blowi ®Mtilation of the tunnels would be establisped by
tra"ellii Ar in the direction in which each train Was
"°lume The traffic being electrically operated, the
Sep ¢ O Ar required is very largely reduced: To
ppl " unnel pure and fresh it would be necessary to
tl‘aveni:S,Ooo cubic feet per minute on each line .Of way,
'equi"aleg at a velocity of 6 ft. per second, which was
g, the trnF t0 a very light breeze. The prevention of fire
?evote s s also one to which much attention has been
b Long, ™ the case of specially built rolling stock for
fhateria] 0;: and Paris and other expresses no inﬁammab!e
sh ivs Ould be used, and as the motors of the electric
elort cire-v-vomd be ‘armored’ against fire 1n Casel;)
Toeuc-tri a c:;,ltmg no danger would arise as regard§ tre
Ca g Stoczrkmg even from the employment of ortilné;e)-/
p Utlons s ASSUming, however, that in spite O Ph
Sengery Stoppage should occur in the tunnels, the

‘c

Tear 's in the

of ould readj along the tunnels l.ﬂ

ik e ain, w lh 971 cegwould be available,
» Where ample spa The

0
t'"lne] (:gath, clear of the electrical conductors.
th, Arate a uld pe lighted throughout by electricity- n
iy . ovent .. Pecial circuit would be provided, so th.athi
f the main traction current failing the lights

. tun i
ige® for > Would not be extinguished. Plans and &
providee Proposed approach railways on at:leMa; lt 5

Sorting sidings and a station ne
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just within the borough of Dover. These railways are
well laid out to accommodate the traffic, and, in conjunc-
tion with the station where the exchange of steam for
electric locomotives and all necessary sorting of traffic
would take place, would provide full and complete means
of communication with both the existing main lines be-
tween Dover, London, and the rest of England.”

Dealing with the protection of the tunnel in time of
war, Sir Francis Fox said there would be no question of
the destruction of the tunnel. There was a dip at the
Dover end. All that would be necessary would be to
open a valve and let in a certain quantity of water. Then
nothing could pass through, and the water could not be
got out before the declaration of peace.

While dealing with this subject, it is interesting to
call to mind some of the other schemes that have been
advanced. Those of Henry Fairburn, in 1833, were de-
cidedly clever. The main idea was to take down a con-
siderable portion of the cliff between Dover and Folke-
stone and fill up the sea for an area of several miles with
the material thus obtained. A huge harbor was to be
formed at the extremity of the new piece of land, and
similar works were to be undertaken at a corresponding
point on the French coast. The two harbors were then
to be connected by an enormous causeway, about ten
miles in length. Further suggestions were that after the
harbors had been made and protected by huge sea-walls,
communication was to be continued by the construction
of a chain bridge, a tunnel, a floating bridge, a bridge of
ships, or a great steam ferry. Details of these and many
other novel schemes, including one for a marine railway
to carry ships across the Isthmus of Suez, occupy some
250 pages of a now rare treatise.

In 1856 Mr. Charles Boyd published his plans for a
“Marine Viaduct or Continental Railway Bridge’’ be-
tween Dover cliffs and Cape Gris-nez, at a proper altitude
for the safe passage of ships of the largest dimensions.
The bridge was to be supported by towers rising from
the bed of the Channel. The towers themselves, about
soo feet apart, were to have fog-gongs and lighthouszs.

Perhaps the most ingenious scheme was that humor-
ously propounded by the late Angus B. Reach in 1847.
This was to take the form of a line of rails on a timber
foundation carried by a bridge of boats, ‘‘the rails to work
on hinges on board each boat, so as to yield freely to the
action of the sea.”” Trains were shown in a sketch run-
ning up and down the inclines formed by the trough of
the sea. A further joke by the same author was a Chan-
nel Balloon Line, in which a train was shown on an
aerial platform supported by three balloons.

All these schemes are but marks of the general
thought and effort to solve the problem of communication
petween England and the Continent, which, in.spite of
the great progress made in maritime navigation, has re-
mained difficult on account of the obstacle of the channel,
an obstacle of comparatively recent origin,'the result of
an erosion produced in a soil which was once continuous.

The study of the channel tunnel has brought to light
interesting fact, and that is the proportion of
between England, on the one hand, and France,
Holland and Germany, on the other, is slightly
e per cent. of the united populations of these
But between France and Germany the pro-
ortion is two per cent. ; and between Fr:}nce, Be.lgium,
and Holland, eight per cent. M..A. Sartiaux, chxef. en-
ineer of the French Northern Rallwa.y,.and an adminis-
trator of a French society for the building of a channel

one
travellers
Belg ium,
less than on
countries.
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tunnel which was constituted in 1875, and which still ex-
ists, commented recently upon these proportions in travel-
ling communication thus: ‘““The proportion is remarkably
low between England and the Continent, and we should
have reason to be astonished at this if we did not know
how much the changing of carriages, etc., complicates a
voyage, and if we did not know the repugnance of many
people to the smallest voyage on the sea.

““On the Continent, and even in England, there are
business men who, although lacking nothing in activity,
give way before the loss of time and the fatigues of the
double crossing. It is necessary, whether going or com-
ing, to resign oneself either to passing a night without
sleep or sacrificing a day or half-day. Either of these
alternatives is not encouraging. When, in addition, one
is a victim to mal-demer, the voyage becomes really for-
midable. It is easy to understand, then, why many busi-
ness men only undertake it on rare occasions, and why
many tourists hesitate, with all the more reason, to un-
dertake it when their sole pursuit is that of pleasure.
b s With the tunnel the journey between London
and Paris would be five to five and a half hours by the
most rapid route. But it would do more than take two
hours off the present time necessary. It would make it
possible, and here is the essential progress, to leave one
of the capitals towards eight or nine in the morning, to
be in the other at one or two o’clock in the afternoon, to
leave it at six or seven in the evening, and to be back
home again between eleven o’clock and midnight. Thanks
to such a service, the movement of travellers between
London and Paris would be doubled, perhaps trebled, at
the end of a few years, and the current of business af-
fairs between the two countries would follow a similar
progression.”’ M. Sartiaux then goes on to show how
the growth of commerce between France and England is
very much inferior to the growth between France and
other Continental countries. The growth of general com-
merce between France and England for the years 1904
to 1911 was, on an average, 4.2 per cent. annually. But
in the same period the commerce between France and
Germany increased by 814 per cent. annually, climbing
up in that time from 1,117 millions of francs to 2,035
millions. ‘‘These figures have their eloquence. They
show clearly the influence that is exerted by easy com-
munication on commercial development.”

Early Tunnel Schemes.—From figures, M. Sartiaux
passes on to a short history of the various projects that
have been made for the construction of a Channel tunnel,
and it is interesting to note that such ideas have always
originated on the other side of that important strip of
water. As early as 1802 a French engineer named
Mathieu had the idea of making a tunnel for a service of
diligences, but he could certainly never have carried out
his idea. A little later there was an idea, more weird
than useful, for laying on the bed of the ocean an
enormous iron tube. But it was not until 1867 that there
was a serious proposal, based on geological studies of the
bed of the Channel. This was made by Thomé de
Gamond, and his careful borings in the Channel bed have
been of great use to engineers interested since in the
project.  “‘In order to complete his scientific efforts
Thomé de Gamond formed, in 1869, a Franco-British
committee, whose aim was to work on both sides of the
Channel towards a concession for the construction of the
line. And here was commenced the diplomatic phase of
the project, about which negotiations were opened be-
tween London and Paris. Far from opposing the idea,
the British Government received the first communica-

_of the country that the question of their utilization 1S
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tions favorably, and the reply that our Ambassador the?
received enabled pourparlers to go on with the greate®
hopes of arriving at an entente. The conversation Was&
in fact, pursued between successive governments, aﬂa
ended in 1874 in so complete an understanding that o
Franco-British commission was formed to fix the com :,
tions in a protocol, which was signed on May 30, 187(’2'11_
From then work went forward on both sides,
though the most important was done by the FrenC 1
Sangatte—the spot, by the way, from which Lathaft
made his attempts to fly the Channel. There a long Shaf
was sunk and a gallery run under the sea to a Jength On
over a mile. The works at Sangatte have never eie
abandoned definitely, and work could be restarted the y
again tomorrow if necessary. At Folkestone also 2 Pa
liminary gallery was made. But work on both sides wd
stopped by an agitation which arose in England, the v
of it being that no more was heard of the Channé
nel scheme for many years; then, as now, the great
jection being the possibility of military invasion.

-

—_—— -

CEMENT MANUFACTURE IN CANADA.

Concerning the manufacture of cement in Canada, Ng
T. McLeish, of the Division of Mineral Resources an
tistics, has issued the following data in his report OB g
nomic Minerals and Mining Industries:—“Ma'ﬁerials 1.156‘
in the manufacture of cement in Canada include marls, 7 of
stones, clays and blast furnace slag. The occul'l'enc 4

: s ) f a
cement materials is so widespread and abundant 10 al Jarg®
a

c0”

ly economic, being dependent upon the market for the als
duct, the comparative availibility of suitable raw mate {09
in different localities, the cost of fuel, and the transp® ants
facilities. There are at present 24 completed cement pbap
in Canada, with a total daily capacity of about 28, The
rels, besides several plants in course of construction: $0°
total production in 1912 was 7,132,732 barrels, value_d 3 rted'
106,556, and in addition, 1,434,413 barrels were “npoe at
The operating plants are distributed as follows T e
Sydney, Nova Scotia, using blast furnace slag, three€ 4 om
province of Quebec, twc of which are near Montreal»‘ s ocal
near Hull, adjacent to the city of Ottawa, each using o 15
limestone and clay. In the province of Ontario therebarrels'
plants with a total daily capacity of nearly 16,000 © 1;nts
Of these 11 use marl and four limestone. The marl Zﬁeld’
are located at Marlbank, Durham, Owen Sound, Laottavl”'
Hanover, Blue Lake, Raven Lake, Orangeville and ot 001:
The limestone plants are located at Belleville and Rod‘
borne. Formerly considerable quantities of ‘Natur? fouﬂd
cement were made from a suitable calcareous ﬁmestqne tifely
in the Niagara peninsula, but this has now been ’ eﬂf'
superseded in Ontario by the production of Portlan meﬂt i
In the province of Manitoba, a ‘Natural Portland’ i ta ba?
made at Babcock, south-west of Winnipeg- Alberry, 1,3"
three limestone plants, located respectively at Calg? pei®
shaw and Blairmore. A second limestone plant 12 o
constructed at Blairmore, while a marl plant is begmonﬂ"”'
structed near Marlboro about 145 miles west of E eaf vi¢
British Columbia has one rock plant at Tod Inlets ne plﬂco,;
toria, and a second under construction at the San.lnceton'
while another rock plant is nearing completion at

il

—ear—————
o
The dock department of New York has decle «“f b;x

building a drydock big enough to accommod'ate co8t ab?
coming 1,000-foot ship.” The project will
$2,500,000.
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VALUE OF THE FIXED CARBON TEST

By H. B. PULLAR,

o Pullar & En

zenroth, Engineering Chemists, Detroit,Mich.

R RR P

Nore: On account of a bitter discussion regarding the propriety of limiting the
the City of Toronto was delayed sixz months in award-

mazimum amount of fized carbon,

during the first half of the year,

the Board of Control that fized car
thought the specification unfair. M
engineers differed in their opmions as

The city engineers of Cana
their specifications for asphalt su
sion of the desirability or undesira
particularly valuable at this time.

During the next couple of_months
number of articles from prominent ¢
Carbon; and letters from city enginee
this subject are invited. Of s
by THE CANADIAN ENGINEEE, twe
favored disregarding the test entirely.
of asphalts with a differen

My. Pullar’s suggestiqn
article he explains his claim
asphalt—for examp
Texas asphalt, in 0
terial as the Texas @S

I k. i the fixed carbon test- as
tbehmis o b nd the advisa-

applied to bituminous materials 2 e ad
t from specifications,

discussion during re-
rue since the

da will,

¢ Limit for fi

phalt —EDITOR.

bility of eliminating this tes
Cent has been the topic of much.
a Ven{ears’ and. especially has this been g
terialg of certain asphalts which are go;l) gcentage s
xed » even though they may have a high pe i 7
o th,carbon. Authorities disagree widely as to e
Spec-fl.s test, some advocating its total ellmmatltoict iy
Ser“ICatlons, while others advocate 2 more sx}’1 it
iance of it. The writer, while agreeing wit mim-
Port:e objections to this test, believes thz'nt it l:ntio?ﬂhen
PTOpen; to totally eliminate from spem.ﬁcatlon.s, e
Mine tly used is of the utmost value 1 helping-

the quality of a bituminous material.

3 is, of
€, the f: ; t laboratories use€
Met act that differen ifferent sizes an

diﬁ‘:ods for running it. Such things as .
rent kinds of burners, different gas pressures,
‘ e results uf-

€re & A

reliar;)tl crucibles and other details, make the 1 i

i €. Even in view of these possible varying ©
pon test 15 no

10 s
Onr‘: ‘Y}l}ch might take place, the fixed carf oy tosts
V‘}hiCh liable to error’’ than a nunﬂ?er o :the Sgimi-
Ratjq are applied to bituminous materials, an riously
Con N of the test for this reason should not be s€
Sidereq,

ch has been SO strongly advo-
has never reac e
chemist can
her chemists:

he market,
put which vary

°ate(;rh)e ductility test, which h:
age 0};- a number of authorities,
" perfection where any Oneé
> a nl]th the results obtained 'by ot
hic imber of ductility machines on t
ot are based upon the same prmc@les, h
rall’ and which may cause varying resu S't']ity ¥i
takenun by hand, some by motor, and the duc lé
ie Y different chemists on the same s'amp
as much as 20 cms. on a material having

ing its contract for supply of asphalt for 1913.
as the Work

oreover,

pply. THE C
pility of the

even well-know
vo strongly f

that the maxim
le—must be muqh lower
rder that the gilsonite asph

The city bought in the open market

s Department did mot seem able to convince
hon should be limded. to 15%. Some of the controllers
many chemists, paving contractors and city
to whether the specification was fair or unfair. i

within the mext two or three months, write

ANADIAN ENGINEER believes that a discus-
“ fized Carbon Test’’ would therefore be

TaE CANADIAN ENGINEER hopes to publish a
hemists expressing their opimions regarding Fixed
rs and others who may have well-defined views on
n chemists whose opinions have been obtained
avored limiting fized carbon to 15%, four
while one—DMr. Pullar—suggested a classification
fired carbon for each class.

is movel and has many points in its favor. In the f ollowing
am limit of fized carbon for a gilsonite
than the limit of fized carbon, for, say, @

alt be in every way as good a paving ma-

tility of less than go cms. This apparent inconsistency
in tests is not only true of the ductility test, but of other
tests which are used for determining the quality of bitu-
minous materials. There is a personal equation in nearly
all tests but their value is not eliminated, because of the
fact that there is a personal equation and because chem-
ists in different sections of the country cannot accurately

check with each other.

The statement made in a recent publication regard-
ing the fixed carbon test in which the writer states ‘“The
insertion of this test in any city, county, state or other
specifications  is purposely or unconsciously done, or
caused to be done, by copying or otherwise from one or
more persons or agents, who thereby seek to include
some and exclude other brands of asphalts and road ma-
terials which compete and are perfectly good for use,”
is both unfair and unjust to a large number of engineers
and chemists who believe in this test and who, from prac-
tical experience, know that this test, properly applied, is

of value.

.

In order to show that this fixed carbon test is of
considerable value and importance, a few results obtained
on different samples and a discussion of the samples may
prove interesting. A sample of asphalt made from Ohio
oil, obtained in 1894, showed a fixed carbon of over 267%,
while a sample of asphalt made from Ohio oil from the
same field during the past year and which was treated
by the same method, showed a fixed carbon of only

“61%. While it is true this last product was not treated
to the same extent as the first one, yet had it been treated
to a greater extent it would have under no circumstance

iven over 10% of fixed carbon. This is proved by the
fact that Ohio oil obtained in 1907 and mixed with a high
er cent. of gilsonite, only showed a fixed carbon of
9_46%- The high fixed carbon in the first sample men-
tioned can, without question, be attributed to the fact



i
i
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that in 1894 residuum oil was carelessly produced and a
considerable amount of cracking occurred during the pro-
cess of distillation. The asphalt produced from this oil
was very poor in quality and proved a failure when used
for paving purposes. There is no other test which so
clearly and decisively showed the poor quality of this
asphalt as that of fixed carbon.

In 1910 the value of the fixed carbon test was very
clearly brought to the writer’s attention. Two samples
of asphalt obtained by the treatment of residuum oil (the
oil being taken from the same district but produced by
different refineries) showed a fixed carbon of 9.887% and
12.32 % respectively. The quality of the asphalt showing
the fixed carbon of 12.32% was very poor and not suit-
able for bituminous work, while the sample which showed
a fixed carbon of 9.887% was good quality and equal to
the standard for that class of material. Upon investiga-
tion it was found that the oil from which the poor sample
was made was a mixture of poor, heavy-grade residuum
oil which had been badly cracked during distillation and
a lighter gravity residuum oil. There was no other test
which so decisively showed the true value of these dif-
ferent materials (which all belonged to the same general
class of asphalts) as that of fixed carbon. For the class
of product to which this asphalt belonged, a limit of not
over 11% of fixed carbon would always fully protect a
city against any poor quality of oil. Likewise another
bituminous material obtained by the same method, but
from oil from a different field, showed a fixed carbon
varying from 10 to 14%. Those asphalts which showed
the high per cent. of fixed carbon did not prove a success;
seemed ‘‘dead,”” and after a few months showed a
separation and exudation of oil. They were poor quality
and were not suitable for bituminous work. The fixed car-
bon test more clearly indicated this than any other test
known.

The asphalts which have been mentioned above, have
all been produced by the treatment of residuum oil with
air. However, the value of the fixed carbon test not only
applies to this class of asphalts but also to other asphalts
produced from different oils and by different methods.

One of the well-known brands of California asphalts
which was active on the market a few years ago, showed
a fixed carbon of 18.06%. This asphalt was produced by
distillation and treatment with air at high temperatures,
which resulted in a ‘‘cracked’ product of poor quality.
It is to-day almost unknown, and is not considered by
authorities to be a suitable material for road and paving
purposes.

" Another sample of California asphalt which proved a
failure and which was carelessly prepaged, showed a fixed
carbon of 16.297%, and still another which was a failure
showed a fixed carbon of 15.437%. The California
asphalts which have given the most successful results,
which are produced by the largest and most reliable
companies, and which are recommended as standard ma-
terial by leading engineers throughout the country, vary
in their per cent. of fixed carbon from 11 to 14%. There
has during the past year, however, appeared upon the
market a new brand of California asphalt which seems
to be of good quality and which ought to give successful
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California asphalts. Certain authorities believe that this .
cracking can be better shown by the solubility in carbon
tetrachloride, but the writer has found that the carbon
tetrachloride test requires more attention to deta}ils an
greater care. At the same time it is more ““liable to
error’’ than the test for fixed carbon, and also it is moré
difficult to obtain from it satisfactory results and definite
conclusions.

The fixed carbon test is of considerable importanc
when testing the so-called natural asphalts after the);
have been fluxed with residuum oil. A poor quality ©
oil will show up by high fixed carbon; and if properly ap-
plied and careful records are kept, this test will prOjDabl,y
indicate as much as any other the amount of oil which 18
being used .to flux the ‘‘native asphalts.”

The probable reason for the recent interest arol_lsed
in the fixed carbon test is the advent of the Mexica?
asphalts. Owing to the peculiar characteristics of ti‘i
oil obtained from Mexico and the asphalt product rest
ing from the distillation of this oil, a much higher ﬁxe-
carbon is properly obtained than would naturally be S“p_
posed, averaging between 147% and 18% for thet W&
known brands. As a maximum of 157% is incorpOTatee
in several specifications throughout Canada, thel’efozo
making it difficult for the Mexican asphalts always, 3
comply with them, it is only natural that this questi®
be given considerable attention. From other tests an
from the practical results which have been obtain€c
is apparent that asphalts carefully prepared fl:om 3
Mexican oils will give satisfactory results, despite COIgf
paratively high fixed carbon, and that for this class a—
materials a higher per cent. of fixed carbon could rec
sonably be allowed. However, the writer is very mu iy
of the opinion that it would be unwise to entirely -ehmut
nate this test or not state a definite limit, for, ‘Wlthger
question, Mexican oils can be as easily cracked as ot
oils, and the resulting products obtained from crac i
Mexican oil will not be of good quality any more t i
that obtained from cracked oils from other fields. AS :
fixed carbon test is one of the best indicators for cracke
oil, it is of the utmost importance that this test be b
carefully considered. ‘

From the foregoing statements it is apparent th:;
there are many different conditions under which the {3-1’(‘)65
carbon test may prove of value. The writer gt
not advocate the arbitrary setting of the same per Oeny
limit on all bituminous materials, nor does he by ao'
means advocate the elimination of this test, but he ad;'h
cates a more systematic and proper- use of it. o
present time a large majority of specifications areé drafi
up in order to admit a number of asphalts in COf“p:lts
tion. They are usually so open to the various asph gl
which are admitted under them that the producing %o 50
panies may practically ignore their requirements, 2% ok
far as keeping any particular material uniform an is
the highest quality, they are of little value. ~ For ny
kind of a specification a fixed carbon limit of 15% ©OF L
per cent. is useless and unjust. p

In order to eliminate all undesirable featﬂf’.es-'_(]
would be advisable to draw up specifications V! t0
the bituminous materials into various classes 0%
draw strict requirements for each class.

results—the average fixed carbon for this particular . : a2 numb®
brand being 9% %. By doing this the fixed carbon, as well as alu";'& '

H of other tests, would prove of very material v 5
It appears from the foregoing facts that the fixed Chemists could then use the fixed carbon test ¢
f carbon test is therefore a very important test, if not the =~ only as a help to identification, but as an imPO"t‘j‘ntﬁo ;
! most important one for determining the quality of the in deciding the qualities of the material under examin?

|
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CONCRETE ROADS.*

—_—

By Hon. Frank F. Rogers,
State Highway Commissioner of Michigan.

UCH of value has been written in the past two
years on concrete roads and pavements, but 2
great deal is in the nature of theoretical discus-
Mentg gions quite largely base_d on laboratory exlgen-
fielq s’t ence when an opportunity 1s offered to make a;
Which Edy of many miles of concrete ro?ds, some 01
e | ave seen four years of service, it should no
ost.
pert £h§ writer makes no claim to peing a concrete ex-
tunit Ut simply has been fortunate in having the opp}())r-
avig to study at first hand, and in some detal'l, ’3‘1/6 e-
COuntr - large mileage of concrete roadways in h:«1yn:
argegl’ MIChlgan. This county, without doubt, alt; '
Count mileage of concrete roadways than any othe
eQUiVZI In the United States, or than 15 possessed by any
Orej ent area ungder a single local gqvernme.nt ‘1;7 any
COlln%n country.. There are now c?mpleted in . azﬁee
Copn.. 2Pout 65 miles of concrete highways outside
Porate limits of cities and villages.

speml;oihthe.reaSOns above sEatefi the write
Study of e time allotted to him in a somew e
Visit 1 the local concrete roads which most of ¥O .
j efore leaving the city rather than to treat the su

Ject j S5
f @ more general way. All of the main highways

€adj 2
mg "8 out of this city have been concreted to the outer
i d several cross-

boundaries of Wayne county and seve 4

have already been concreted. The pr'{nCIPaI roa i

anq Mei extensions of Woodward, Grand River, (;‘lratég-

tensig Ichigan avenues, while River Road and t erete

roadwn of Fort Street running southerly are conc
ays that should not be overlooked.

The State Highway Department, with t

+ desired to
hat detailed

he co-opera-

tion ’
Dy ch')f the road officials of Wayne county, and .a551s.t§d
at theOf' John J. Cox, instructor in highwa}ll{ engnnezx;mge
ot ichi has just taken up
e e acernt b t]ions of these roads

i and rath i observa
hich ; er minute tic: fiope At

Ul extend over a period of years
lifeer 3 while 3 safe cstimgte can be made of the probab}ie
cogp 4. €Ost of maintenance of such pavements as t ;
i at}; 'S now building, and under such Frafﬁc, soil an
' € conditions as prevail in this locality. i

rec t€ first work in this study will be careful €EE
& Overing enough time and at such frequent 1
® 3s will give a reliable estimate of the average

daj]

for }(]’ntrafﬁc for one year. The first records were takerr:
of ¢ ise Continuous week beginning August 21, a'nd ata};ﬁe
will b fecord, which is given in the accompanying )

, used for the purpose of the present discussion-

ing th € Next step was to start a permanent r.ecord shg?s/:
Hnge ']i Present condition of each 25-foot section (the 7
The (o) Ctween expansion joints) of all the different roabe;
3nq, Servations for this record were made Septefi‘} o
ver s and 4th and cover 6,384 sections and a lit :
been 30 miles of road. Several pieces of road have n?n
: aken at this time. The oldest roads were built 1

havinand the newest that were taken were built in 1912
or °en down one year.

Slabg o) a3 purpose of this record t

tra“Sver Sections have been classified as

\"Se, and diagonal cracks and holes.

Jongitudinal,
The records

* .
ich t
Iv[lch-Read at American Road Congress, held at Detrott

' PPt 29 to Oct. 4, 1913
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were taken in ordinary field books, the left hand column
of the left hand page having been previously numbered
with an automatic numbering stamp to designate the
record number of each slab, while the four columns to
the right were headed L—T—D-—H, respectively, being
the first letters of the words indicating the defects named.
Opposite each number and in the proper column vertical,
horizontal or diagonal marks were used for symbols to
indicate the form of the crack, while small ovals were
used to indicate such holes as seemed worthy of note. Tar
had been spilled on many spots that were not defective.

The first mile of this road was built in May and June,
and opened to traffic in July of rgog, thus giving it full
four years of wear. The traffic record of this road shows
a daily average of 2,160 vehicles, of which 88.1% were
motor-driven.

The soil is clay loam, inclining a little more to sand
at the northerly end. A double-track electric railway oc-
cupies the westerly side of the street. Between the rail-
way and the concrete roadway is a very shallow gutter
under which was laid a tile drain from 2 to 3 feet in depth.
On the opposite side is an open ditch, the bottom of which
is from 2 to 4 feet below the crown of the roadway.

The pavement is 18 feet wide, has a crown of 3" and

a blind curb 8” wide and 4" deep under the outer edges
which were somewhat bevelled. The concrete was com-
posed of Portland cement, crushed field stone or cobbles
and sand mixed in the proportion of 1:2}2 :5 for the base,
which was 4" thick. The top layer was made of the same
materials, using a 1:2:3 mix and was 214! thick.

No very definite data can be secured to determine the
wear, which seems to be slightly greater on the side op-
posite the railway, but measuring from some of the
harder pieces of the coarse aggregate which have been
worn but little, if any, we have estimated the general
wear at about %, which would be an average of 1/16"
per year.

This mile was divided into sections of about 25 feet,
separated by expansion joints, there being 209 sections
to the mile. The most of the sections were separated by
four thicknesses of tar paper separated by thin boards
which it was planned to remove as the work progressed,
though many of the boards are still in the pavement.
Four of the joints were protected by pairs of steel angle
pbars, separated with tar paper and placed with one leg of
each angle back to back so that the other leg of each bar
was flush with the surface of the concrete, thus covering
a space of about 4%" at the joints. The concrete wears
slowly on each side of the angles, leaving a raised joint
htly noticeable when driving over the pave-

that is slig
ment. This was an experiment which has not been

repeated. ¢
Of the 209 sections constituting the first mile on
Woodward Avenue, 8o showed longitudinal cracks, 32
transverse cracks and 2 diagonal cracks, while 46 sections
were recorded as having holes, making a total of 160
sections which are more or less imperfect, or 76.5 plus
9. of the entire mile.
The remaining portion of Woodward Avenue, 252
ions, was built in 1910 using the same materials and
No blind curb was used and the crown
was reduced to 27. The soil on this section is consider-
ably more sandy, especially toward the north end. .
On this portion of Woodward Avenue, 29 sections
have longitudinal, 22 sections _transverse, and 6 sections
diagonal cracks. Eleven sections have h:)les, making a
total of 68 defective sections or 27 plus % as compared

with 76 plus % in the first mile.

sect :
the same miX.

S s
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On Gratiot Avenue, in the season of 1910, 9,000 feet
of 16-ft. concrete roadway was built. On this pavement
gravel and sand were used for the aggregate and a one-
layer concrete having a 1:2:4 mix was laid. The soil is
a clay loam and rather heavy. This road was not com-
pleted until late in the season and was opened to travel
in November. It immediately pitted and looked rough
and has been covered with a surface treatment of refined
tar and fine gravel. It was re-covered this season, using a
rather light grade of tar (Tarvia A) but is already shows
some tendency to scale off. The experience in some other
places leads the Commission to believe that a heavier
grade of tar gives better results.

Beyond this portion of the roadway 326 sections of
the same width concrete were laid in 1911, reaching the
county line. Washed pebbles and sand were used for the
aggregate in a 1:1}:3 mix, one course concrete 7/ deep
being laid. The records for this piece are as follows:
Longitudinal cracks, 11; transverse cracks, 10; diagonal
cracks, 3; holes, 6; showing a total of only 30 defective
slabs, or 9.2 plus %. The traffic count on this road,
taken at the county line, shows 507 vehicles daily, 65.8%
of which are motor-driven.

On the Grand River Road 61 sections of two-course
concrete, the same as laid in the first mile of Woodward
Avenue, were built in 1909. The soil is a clay loam.
The records show 11 longitudinal cracks, 2 transverse
cracks, 1 diagonal crack and 3 holes, a total of 17 de-
fective slabs, or 27.9 minus %. The traffic count showed

. 1,064 vehicles, 56.57% of which were motor cars.

In 1910, 341 more sections were added to Grand
River Avenue under contract, the specifications being the
same as for the north end of Woodward Avenue. Thirty-
three of these slabs became more or less pitted, some
having quite large holes. They have been repaired by
covering with refined tar and stone chips so that no de-
fects could be observed at the time of the count, hence
only 308 are shown in the table. The defects noted are
as follows: 39 longitudinal, 20 transverse, 29 diagonal
cracks and 46 holes, a total of 154 defective slabs or 507%.-

In 1911, 515 additional sections of one-course con-
crete were placed on the Grand River Road. Washed
pebbles and sand were used for the aggregate with a
1:11%:3 mix. The Baker steel joint was used in all of
this work except the first six sections. The defects noted
are as follows: Longitudinal cracks, 8; transverse, 26
diagonal, 3; and holes, 5; making a total of 42 defective
sections, or 8.2 plus %.

In 1912, 1,208 more sections were added to Grand
River Avenue, reaching to the line between Wayne and
Oakland counties. The count on these sections shows as
follows: 66 longitudinal cracks, 37 transverse cracks, 6
diagonal cracks and 5 holes, making a total of 114 de-
fective sections, or 9.4 plus 7. The soil grew more sandy
as the road extended westerly, considerable stretches be-
ing almost free from clay or loam.

On Michigan Avenue 481 sections of concrete, 17 ft.
8 in. wide were laid, using washed pebbles and sand for
the aggregate in a 1:2:4 mix. The soil for the most
part is a sandy loam, but a little heavy. The count shows
as follows : 219 longitudinal cracks, 48 transverse cracks,
23 diagonal cracks, 21 holes, making a total of 311 de-
fective sections, or 64.6 plus 7%. The traffic count shows
1,009 vehicles, 67.5% of which were motor-driven.

In 1911, 1,570 sections were added to this piece of
road, using washed pebbles and sand for the aggregate
and a 1:1%:3 mix. The soil over which this pavement
was laid is a sandy loam running into light sand at the

west end. The count shows the following: 219 long**
tudinal cracks, 8o transverse cracks, 42 diagonal cracks
14 holes, making a total of 355 defective sections, or 22
plus %. In 1912 this road was paved to within I % miles
of the county line, and this year completed to the Count);
line, but no record was taken farther west than the eas
limits of the village of Wayne.

In 1910, 149 sections of concrete 15 d
614" deep were laid on the River Road, using gl‘a‘/_e1 a8
sand for the aggregate and a I:2:4 mix. The soil over
which this road runs is for the most part heavy clay:
The count shows as follows: 49 longitudinal cracks
transverse cracks, 6 diagonal cracks and 2 holes, mak“;e
a total of 62 defective sections, or 41.6 plus %+ T%
traffic count shows 538 vehicles daily, of which 78:9
were motor-driven. 3

In 1911, 434 sections were added to this road Somt
distance below the village of Trenton. The paveme?
was 15 ft. wide, 7/ thick, built of washed pebbles m:ﬁ
sand for the aggregate, using a 1:1}5:3 mix. The cott
for this stretch of road shows as follows: 165 longitudln
cracks, 17 transverse cracks, 13 diagonal cracks and n.
holes, a total of 195 defective sections, or 44-9 plus 2

In 1912, the gap between this piece of road and tin
southerly limits of the village of Trenton was closed "
with a similar pavement to that just described, Comprlts
ing 213 sections. The count of this piece shows defecs
as follows: 14 longitudinal cracks, 8 transverseé crac®>
4 diagonal cracks and no holes, ‘making a total ©
sections, or 12.2 plus %. ¢

The same year there was added to the south end ﬁ‘
the work done in 1911 something over two miles of ¢0
crete roadway, but of this only 208 sections were cou
Of the sections counted, 17 show longitudinal crac £
transverse cracks, no diagonal cracks and no ho}es’he \
total of 21 defective sections or approximately 10%-
soil of the entire road was heavy clay.

In 1910, one-half mile of gravel concrete of a 1:2-t

ft. wide and

nted’

mix, 12 ft. wide and 674" deep was built on Fort Str‘:?o;
This concrete, like that already referred to on rawas

Avenue, was built rather late in the season, 4! 4o
opened to traffic in November. It immediately pitte eod
such an extent that it has since been coated with reﬁ’;ﬁs
tar and fine washed gravel, about I{/ in size- .y
covering makes an excellent surface and Wears o
well. Of course it was impossible to observe any ur i,
defects in the concrete at this time. Continuing ® and
in 1912 450 sections of concrete 12 ft. wide, 7" deepr = f
of 1:17%:3 mix were added. The count on this piec® o
road follows: Longitudinal cracks, none, althoug o1
other observer has reported there are 2; trans‘{ der
cracks, 19; diagonal cracks, 9; and holes, I. Tol#
fective sections, 29, or 6.5 minus %. ' ¢ th

From the foregoing, it is strikingly apparent tha:)adﬁ'
percentage of defects varied greatly in the different * the
A careful study of this variation in connection W! 8¢
age of the pavement will soon convince one that mere 25
has not produced the defects noted. For examP ©
sections built on Woodward Avenue in 1910 S i and
27% defective slabs, while 308 sections built O% peci‘
River Avenue, the same year and under the same 0
fications, show 50% of defective slabs. There are’lt by
noticeable differences. Grand River Avenue Was buloﬁ'
contract on a clay loam soil while the portion < h
ward Avenue named was built by day labor un R"?ﬁ
direct supervision of the engineers of the County with
Commission, on a soil more sandy and, presuma ailt oﬂ‘\
a little better sub-drainage. Again, 481 sections '




November 13, 1913.

Michigan Avenue the same year with sand and pebbles

o the aggregate and a 1:2:4 mix show 64.6% of de-
CCtive slabs. This was on clay loam soil. We might
also mention 149 sections built on the River Road in 1910
§ eavy clay soil, under the specifications last named,
hich show put 41.6% of defective slabs.
Is th1 he most noticeable feature concerning these defecits
8ro at the longitudinal cracks almost always appear
Ups, seldom singly. This indicates that there must
ziesome 10_ca1 conditions in the foundation, due to msuf:
omnt drainage, soil conditions, newly made fills or _1'1[n_
in ?aCted sub-grades that cause these defects. Longitu
ap & cracks almost invariably appear on fills and on cuf;ls,
Oxgsrently with as much frequency in the latter as 1n(§ e
0 ther" It would seem that cracks on the fills are ;lxe
Pre € settlement of the embankment, and in the cuts the
S€0Ce of water and frost in the sub-grade. Briefly,
B iters opinion is that these cracks are due, first, to
- Settlement of the newly made fills, and second, to
8:;? that has not been completely removed from the 51}111;)
elimie’ Plus frost. If these causes cou.]d be thoroug dy
a Nated it would seem possible to build concrete rod
pag]ss' . .‘Lh.e width of 15 or 16 feet, where sufﬁcxentf e:r(n
on " Joints are used, without fear of trouble iro
gltudlna] cracks.

¢ has been argued by the Morse-\Vaf're:n 'Engmt.ag;-
fo bui(l’é“pany’ in a recent publication, that It 1S lmh%?}isivile]
emg; concrete pavements (wider than 12 ft.) w S
tudinnI fl‘f_ie from longitudinal cracks without using =
e d Joints, unless the pavement is SO thick as to mn e
ing f}:}ce practically prohibitive. The table accompaail/‘
y IS report, which shows 450 sections of 12-t. roOm
this a‘;n the Fort Street road, would seem to ﬁeaéoad
Whie Sertion, but a mile of concrete on t_he Eure z;] Vi ;
Sreat the writer did not get time to inspect, sko e
tage Umber of longitudinal and transverse cracks s
the ¢ Concrete roadway, where the soil conditions 2
ny‘:me as on the Fort Street road refel:red t(').. i
ang Pparent difference is that the former 1s a1 .2&4 iy
b e latter a 1 1114 :3 mix, washed pebbles an sa
8 used for the aggregate in both cases.
4t long stretches of pavement, 16 ft. wide and now
Vhi Years old, on Grand River and Michigan Avenuej‘;
thag +13 '°W no longitudinal cracks, would seem (tiotg;cz ¢
sufﬁciels Statement is not necessarily trué and e
l-aininnt amount of money spent In _compactm%lcrete
Ver n, 8§ the foundation or in reinforcing the co e
the ?’W]).’ made fills, would produce pavements free i‘ i
artiﬁciJeCtlonable longitudinal crease, whether natur:ti £
arg ., * Most persons are agreed that transverse €
hag . 1Ot always due to defective expansion ]Omtts';:ally
ang p:en.th‘)rollghly demonstrated, both the}?rfeo; '}
expanS§Ct1?a]1y, that 25 feet is frequent enoug e
s Dlalorl joints, and it is quite possible that they mlgess
than thced farther apart with safety——probably not
ree to 100 feet.

which ¢ diagonal cracks are doubtle
ding; . *™® a combination of those note
Moteq 0 transverse cracks. Many diag
- joi cre the corners only were broken
]t)he Slab "8 corners of adjacent slabs,
o Str Were united through the expansio
o0 Githe, S€T than the tensile strength 0
T side of the joint.

the g ff:rholes noted are perhaps
arg rath Stitilkinds of oracks.

Weq 1o 1arge, sometimes a square yar
Such places are very rare and mos

C

ss due to causes
d under longitu”
onal cracks were
off, frequenﬂ}’
indicating that
n joints with a
f the concrete

of less importance than
In a few instances thffy
d or more 10

> but t of the holes
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noted are due simply to some foreign substances getting
into the concrete, like clay, wood or some fragment of an
inferior rock that might chance to be a part of the ag-
gregate. This was more noticeable where crushed cob-
bles were used for the coarse aggregate than where
washed pebbles were used.

Any one familiar with the quality of rocks which
constitute Michigan cobbles will understand that the
principal objection to this material for an aggregate on
concrete roads is the varying qualities of these rocks,
ranging from soft to hard granite, quartzite and trap.
A study of the roads where these materials have been
used shows much more wear in the spots where the softer
rocks happen to be at the surface.

Up to the present time the defects noted, except the
pitted conditions of the concrete roads which have been
re-surfaced in the manner already described, are not
serious and are not causing any additional expense for
up-keep. In the past two years the expansion joints on
all the old work, whether reinforced or not, have been
coated with refined tar and sand once a year. Thus far,
the cost has ranged between $50 and $100 per mile, de-
pending on the distance of the work from the base of
supplies. These repairs are proving adequate and satis-
factory, and while the defects noted are something of a
reflection on the present method of building concrete
roadways, they are really no reflection on the use of con-
crete as a suitable material for making hard and durable
surfaces over our country highways wherever traffic con-
ditions warrant, and the community has the ability to pay
the cost of high-class road surfaces. There is no ques-
tion as to the necessity of some form of very permanent
roadway near the city of Detroit, neither is there any
question as to the ability of Wayne county to pay for a
roadway that is good enough and permanent enough to
meet the requiremen‘ts of its traffic. . In the writer’s
opinion, Wayne county has made no mistake in choosing

concrete as a paving material for its main roads.

DISCUSSION ON ‘“CONCRETE ROADS.”

By A. N. Johnson.*

It is evident that if one portion of a concrete road
surface exhibits a special weakness it must be due to
non-uniformity of the concrete. This will happen if soft
pieces of material are in the aggregate.  Many gravel
banks contain enough soft pebbles to render the gravel
useless for concrete-road work, though frequently these
soft pebbles have somewhat the general appearance of
the sound material and, unless a careful examination is
made, will not be detected.

Another cause for local weakness in concrete is the
non-uniform distribution of the mortar and the aggregate.
It frequently happens, particularly with very wet mix-
tures, that the coarser aggregate will not be t'horoughly
distributed but will occasionally be separat?d into S{nall
collections or nests of the larger pieces, which contain a
all amount of mortar. There is no mixer thfit
has come under the writer’s observation which .will mix
and deposit a batch so uniformly that all portions will
contain the proper amount of coarse aggregate a_nd mor-
tar. It is necessary, therefore, in the construction of a

to have one or two men constantly at hand

d
concrete e . . . .
to correct such uneven distribution by shoveling out the

very sm

#State Highway Engineer, Illinois.
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pockets of coarser aggregate to be found in the centre of
nearly every batch that is deposited on ‘the road and re-
placing these pockets with mortar, which usually runs to
the bottom and edges of the batch.

The causes of the other three defects noted by Mr.
Rogers (see Engineering Record, Oct. 11, 1913, page
409)—longitudinal cracks, transverse cracks and diagonal
cracks—are perhaps more difficult to ascertain in a given
instance. The data presented have been rearranged ac-
cording to the age of the various pieces of road in the
table following. In order to have a proper basis of com-
parison the number of cracks per mile has been computed
for the roads built in 1909, I910, IQII and 1912
respectively.

At once one is struck with the increase in the num-
ber of cracks with each succeeding year. This increase
is particularly marked during the first three years, but
apparently falls off sharply during the fourth year.

A notable coincidence is that the curve showing the
total number of cracks per mile of all kinds is approxi-
mately a straight line for the first three years, or, in
other words, the increase in the number of cracks was
approximately the same for each of these years.

There is also considerable agreement of the curves
for the longitudinal, transverse and diagonal cracks dur-
ing the first three years, but no such agreement for the
fourth year. It is to be borne in mind, however, that for
the fourth year data are given for only two pieces of
road about 1.3 miles in length. However, as these pieces
were laid with a leaner mixture than much of the other
work and constitute the first concrete work done by the
Wayne County Commissioners, all the evidence would
point to the conclusion that this stretch of road would
show at least as many defects as will appear later in the
other roads. !

The value of future observations to be made at in-
tervals of not less than three months will be evident.
These observations should note carefully all the cracks
that are found, both as to their character and, particu-
larly, as to their distribution, so that in the future the
location of new cracks as they appear may be known, as
well as the approximate time of the year when they occur.

It can be fairly assumed that the slabs of concrete
are approximately of the same strength, offering prac-
tically the same resistance to all exterior forces to which
they are subjected.

Among the forces which would cause the slabs to
crack are variations in temperature, extraordinarily heavy
traffic loads and unequal settlement of the foundations.
It is more than probable that the cracks are due to no
one of these causes alone, but rather to their accidental
combination. If the changes in temperature were the
prime cause, it could be expected that all slabs would
show approximately the same number of cracks, for the
reason that all portions of the road are subjected approxi-
mately to the same temperature variations. But an ex-
amination of the roads shows many slabs in continuous
stretches which have not cracked at all, regardless of the
age of the road. It can, therefore, be concluded that
temperature changes alone are not sufficient to cause
cracking of the slabs in general.

While extraordinarily heavy moving loads may not
be so generally applied to all the slabs, and therefore not
cause as uniform an appearance of cracks, yet if this be
a principal cause it could be expected there would be a
large number of contiguous cracked slabs. But there is
practically no evidence 'to indicate that there have been

Volume 25-

loads heavy enough to cause the pavements to crack from
this reason alone.

‘he third cause that has been mentioned——unequa]
settlement of. the foundation—is one that would not be
generally distributed; for while settlement might OCC_ur
in one place, there very likely would be considerable di¥*
tances where it did not occur. Moreover, it will be ap*
preciated that the manifold conditions which would Pro”
duce awnequal settlement would cause an erratic occur*
rence of any results from this source. And the hap”
hazard occurrence of the cracks would indicate that the
cause is not general throughout the length of the 1‘93,5‘
The writer is, therefore, of the opinion that the majorit
of the cracks are due primarily to unequal settlement ©
the foundation or subsoil beneath the broken slabs.
is quite possible that settlement by itself would perhap®
not be sufficient to cause the slab to crack, but on b
passage of heavy traffic or with the movement of the S_at
under temperature changes there. would be added ]qu
enough extra stress to overcome the strength of tt}e sla
and produce the crack. If, therefore, it is possible ;
guard against unequal settlement of the foundation o8
of the chief sources of cracks in the pavement will P
overcome.

The writer has observed that the concrete Sla.b:
usually do not crack until after they have been in Ser‘{lcg
about a year. The first cracks generally appear d“‘:‘nn
the late ‘spring and early summer following constructi®™
An explanation is that during the winter and early .SPr“;‘
the ground is well saturated with moisture and dries l;i-
evenly ; the consequent settlement is, therefore, not uuld
form. Special precaution with the underdrainage 5%10 o
accordingly be taken to provide thorough and unifof
draining. v

The writer does not believe that it is necessary on
place expansion joints as close together as 25 ft. 8
three pieces of work constructed under his Supel"”sl:355
in 1912, totalling 2.3 miles, none of the sections Was
than 5o ft. in length, many being 60 and 75 ft., an oe,-
or two as long as 100 ft. The number of cracks pl:
mile in these roads at present is: Transverse cra'ckS, the
longitudinal cracks, 9.1, or 18.2 cracks per mile. .
total number of cracks in the 1912 work on the Wﬁybe
county roads, using 25-ft. sections, is 19.1. It W
necessary to have . much more data before 1t caf; d
definitely concluded as to how frequent the joints Sde it
be; but from the observations that have been ma 50
seems that the joints may be made further apart that
ft. rather than nearer together.

Lest a wrong impression should be gained fro

emphasis laid upon the defects found in the Wayné C? ot
roads, the writer would state that from a number O =
sonal inspections he feels that the Wayne County for?
missioners have amply justified their adoption of this =

of construction.
e e e——

A NEW TYPE OF ENGINE.

_ _ py
A new type of rotary engine has been invented et
Birmingham firm. A model is being shown in Londofl’,cs

it is described as “England’s answer to her o i

f : om?,
engine that is far and away better than even the GBO g

‘ . b . A 2% b 0Ly
Tt is claimed that the engine, which is driven by PEY et

e i ; ; ds
almost vibrationless, while its weight is only 2% poul '

car |
horse-power. It has no fly-wheel, no crank-case an_d neﬁecﬁ 3
shaft. The new engine is expected to have far-reaching “=
on the motor car, the motor boat and the aeroplane-
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SANITARY SURVEYS OF RIVERS.”

By J. R. Malek, C.E:, 3
Assistant Provincial Sanitary Engineer, Regina.

the writer

Wishes to state that the object in view is to r'nake a
few general remarks on the necessity of carrying out
Samtary surveys of rivers and the general lines em-
Ployed ‘in carrying out such work, but does not propose
%0 deal with sewerage purification works or water filtra-
ton plants situated on the banks of rivers and streams
3 thgbc?r ;)ther countries. s
. bject.—Sanitary surveys have all be
ch!.eﬂy with a view toyascertaiyning the state of.the streams
Which' have heen subject to contamination, either by the
d_lscharge of crude sewage of adjacent town's'mto the
nv?r or else by the general refuse of communities along
€Ir banks or through industrial , wastes and the waste
Water from mines or quarries or other works too numer=
Us to mention. : ;
It need hardly be mentioned here that the duratlog
€ work and the observations to be taken, may exten
over any period from a few days, weeks or rr_xonths ;o
Possibly one or two years, according to the ultimate ob-
J€Ct in view or to the size and varied conditions to b€
et with in the various rivers or waters under O.bservlatl?;;
esults of Pollution.—Unfortunately, It 15 onb)’ v
TUe that a civilization has advanced and the number
aCtories and towns have become the centres of .martl}lxl;
SCturing industries, that the tendency has been 11

: e g
ngit 0 use these courses in their near v1chty ai ilnc ri as)f
T f oetting rid of the ever-

; sty o' el 4 llect from such

8 filth and rubbish to be expected to co

fotres, with never a thought l?estowed on the troubklt] 2;:;1
Ure sickness in the shape of epidemics of typlves’
ISentry, cholera and diphtheria, not only to thft:}r:]esesamé

str, to the towns and villages lower down Orll s

o €am, which may be their nearest water supply, s
. farmers and dairymen whose animals water

Selves hoals.
In the rj o ia Is left on the s
e river or at the pools Led the neces-

Sity h(_i older countries have long ago rea g
Wa i Investigating the serious condition O s
0ut}'s, and extensive sanitary surveys have bee i
By Some of their most eminent scientists, €ns Wy
Surveyors, with a view to ascertaining the e)f:fed 4

th: Contamination, which ‘‘Findings’ are subm1d
S1ape of reports to the governments concerne e
he United States and Canada, both comparaIikely
COuntries, are likewise realizing the da.ngersf s

Strearlse from the present state of pollution ©
S rivers and great lakes. ) ks
freshr.1 the States, two recent surveys will, It];orgﬁ?l?l o
€xhg N the minds of those present (a) the t ORiver" i
AsstUStwe sanitary survey of the ¢“Potomac fwhich .
Rive, . T8€on J. Goldberger, the full report O T
Ty ;]1 !N the “Report on the Origin and_ I?:‘evh- g

gy Fever in the District of Columbia, =V 1c

Unite
i 3 report by the
ut in 1907 in the form of a rep GBI

Te Overnment, (b) the very recent €X i
Port Messrse. nF oSbZ:s and Richardson, of. the Si‘}‘:t‘t’g
Poll, . °f the “Illinois River,” in C"“”ecnonfwm the
Chiél:a on caysed by the - sewage discharge 110
rainage Canal. ub-
lishe 4 Ca”adzin Engineer, of July the ISth; E\?Izz:igwsy
-\*eXtraCts from the report by Mr. Jaing

Pupy;

IN dealing with the subject of this paper,

en carried out

of th

dian
cRead before the Third Congress of the Canadi
Hea]th Association, Regina, Sask.
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sanitary engineer to the Board of Health at Quebec, on
the survey of the Ottawa River, carried out by him. .

The object of this survey was to arrive at the dif-
ference in the state of the river in 1910, compared to the
condition when Dr. Wyatt Johnstone made his in 1891,
when the population for Ottawa and Hull combined was
only half what it was in 1910.

Dr. W. Johnstone, in July, 1891, found that samples
taken at a point five miles below Ottawa, had 500 bac-
teria per cubic centimeter, the next highest return was
at Thurso, a town thirty miles below Ottawa, when it
was 201 bacteria per c.c., from this point they gradually
diminished.

In September, of the same year, his next survey was
carried out at a point 25 miles below Ottawa, the samples
taken showed the number to be 1,530 bacteria per c.c. at
a point 65 miles below the capital, they had diminished
to 48 per c.c.

The survey carried out by Mr. Meadows in 1910
shows in nine years a very great increase of pollution in
the river, owing to the increase of population and the
discharge of sewage and factory wastes that was tak-
ing place.

At Pembroke, the samples taken gave 110 bacteria
per c.c., at 113 miles lower down and seven miles below
Ottawa, they showed 700 bacteria per c.c. The next
highest reading was 1,000 per c.c. at a distance ot 179
miles, after which it decreased rapidly.

In the October survey of 19ro, when the water was
at its lowest level, the samples taken showed that at
Pembroke there were 43 bacteria per c.c., at Ottawa, 106
miles lower down, the samples had 100 per c.c., at 113
miles, or seven miles below Ottawa, 1,600 per c.c. The
highest taken was at a point 133 miles away when the
samples taken showed 1,900 per c.c. It there dropped to
1,450 per c.c., at a distance of 179 miles from Pembroke.

The above is given to show how severely even such
a large river as the Ottawa may suffer through continued
pollution taking place and the great value a sanitary
survey is, in enabling the authorities to get a clear under-
standing as to its conditions. *

Professor Heider, in 1893, in his ‘extensive and pro-
longed sanitary survey of the River Danube, into which
Vienna discharged its sewage, found that it was carried
along the right bank of the stream, preserving its own
bacterial characteristics: and not mixing perfectly with
the water of the river for a distance of more that 24 miles.
Where sudden dips take place in the river bed it has been
found that these act like sewage tanks accumulating
sludge.

In a recent river survey carried out by the writer for
a civil action in which the discharge of crude sewage by
a small town was causing considerable damage to property
lower down along the side of the stream for which the
owner clained damages, the sewer pipes had been placed
in a diagonal line across the river, thereby forming a
kind of groyne, throwing the current on to the opposite
pank, which, owing to the gravel shoal that had been
formed, set up a back current on to the plaintiff’s land,
causing lighter solids to settle along the bank and seri-
ously damaging his property.

At a distance of 20 yards from the mouth of the pipe,
the bed of the river shelved down and for some dista_nce
formed a saucer like hollow. It was noted w.hen the river

ot to summer or normal levels, that the_: ordinary current
had little or no effect on the deposits lying at the bottom
and even with a “‘freshet,”’ which inc.reased the depth qf
the water by an additional five feet, it made no appreci-
able difference. It was found after careful examination
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that only after a rise of 8 feet above the normal, a por-
tion of this matter got away, and that in the ordinary
way the rapid shelving of the river’s bed caused the cur-
rent to pass over it, whilst the surface water was con-
siderably disturbed, the portion beneath was not in the
least affected until a heavier ‘‘freshet’”” came down and
scoured out.

Dominion Health Commission.—It is with consider-
able satisfaction that we see that the Dominion Govern-
ment has recently formed a Health Corhimission of 18
members to look into and report on the health of the cities
and towns upon the banks of our rivers and streams in
this country when it is to be hoped that they will frame
such laws and regulations as will prohibit the discharge
of untreated sewage and trade wastes, as well as other
impure matters, which are liable to injure the health of
the community at large, into the waterways, which
should be looked upon not as ready-made sewers, but as
valuable national assets.

Surveys.—To get a general and fair estimate of what
is taking place will of a necessity demand not only an
inspection to be made during the open seasons or summer
months, but also during the winter period when the
streams and watercourses are ‘‘ice’’ bound, to note the
changes taking place as well as to obtain an idea of the
rate of flow or the state of aquatic’and animal life during
this period.

To sanitary engineers and sanitarians, sanitary sur-
veys open up a very vast and at present almost unex-
plored ‘‘field”’ of operations, and as the population in-
creases (as it does year by year), close investigation of
the state of all waters will demand their unceasing at-
tention if the preservation of the public health is to be
their principal object.

The government of this province has already set an
example to its sister provinces by organizing sanitary
surveys on a systematic scale of all its waterways and
creeks, and perhaps a review of the methods now being
employed to ascertain the conditions that are prevailing
will not come amiss.

In the first imstance, ‘‘waterways’’ to be surveyed,
if within a reasonable distance, are always first visited to
gain an idea as to the best means of surveying them in
a thorough and expeditious manner to enable the engineer
who is employed to make an exhaustive report.

Plans are then obtained of the section or area to be
taken in hand, which, if on too small a scale, are enlarged
to such a size as shall allow corrections to be made and
measurements clearly marked thereon.

““Field sheets’’ are also prepared, such as will be
suitable to meet the requirements of town or country,
with the necessary questions printed on, to gather the
data it is necessary to obtain and on which the report will
be based.

Large plans should be avoided, 24 in. x 20 in. are
found the most convenient for outside work, each of
which should be marked in ‘‘alphabetical” manner and
pinned one on top of the other to a light drawing board
or on to stout cardboard, which is swung over the back,
when not in use, thus leaving the hands free.

Record plans on large sheets should in the mean-
time be prepared in the office as well as a “‘Record Book”’
into which is entered all the information obtained, so
that it can be referred to from time to time or when it is
necessary to take up the record part of the survey.

The surveys should be conducted at least twice in
the same year, but owing to the extreme climatic condi-
tions met with in this country, it is impossible to lay
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down any hard or fast rules on such a point, so much will
depend upon the district, stream and the purpose for
which the work is being carried on.

Where work in towns is concerned or such houses
affected or likely to affect the survey situated along the
banks of streams and creeks, information should be ob-
tained and everything done to gather such data as sh
enable a full report to be compiled.

A gauge is placed in the stream and the heigh
the water is taken, with the hour of the reading as we
as the day, month and year, tests are also made as to tt}e
rate of flow of the current and the quantity of flow n
gallons per second, the course of the current is note
and erosions due to this cause are also marked in @8
well, whilst large shoals of gravel and such as would be
likely to affect the general run of the current are marke
in on the plan.

A thorough examination of the banks is to be under-
taken with a view to ascertaining the nature of the pollu-
tion taking place as well as the nature of any pools lfft
behind which are likely to cause the breeding of flies
(especially when near human habitation or from which
dairy cows and others might be likely to water at) the
bed of the river, creek or stream, where visible, is €7
amined and a note of such aquatic plants growing ther®
also of the animal life or fish life, as well as that of 14
sects. Soundings in shallow pools may be frequ‘3rlt1
taken where necessary. This may be taken by means ©
wading with a six-foot pole or rod marked in feet, inches
and half inches, where deeper water is encountered a
boats are not available, a waterproof tape with a conicd
lead may be employed and run over a pole with a sma
guide pulley at the end, the lead should have a slightly
scooped-out bottom which, if greased, will serve |
double purpose not only of sounding, but will also give
a sample of the bottom which should be examined 2t
time, or kept for a more opportune moment when a ful
examination may be carried out.

Where sewer outfalls occur these should be noted
on the plans with all the necessary measurements take‘i
and, if run out into the river, the angle should be car®
fully noted.

Sewage fungus should be tooked for at these Polqti’
and a sample obtained for examination by the chemis™
who may be employed to analyze the samples at the labi
tory, the returns of which will be put in the final 1’.‘3?01{1;3

Samples.—The writer always prefers to leave
taking of samples till the last, so that there may b€ ad
little delay as possible in getting them in to be t'es?"y
owing to the rapid changes that take place Whel"e'dea
owing to distance is likely to occur, a little additio?
formaldehyde or chloroform to the sample for dissol’
oxygen test will usually help to keep it in the same $
as when taken for about 48 hours.

The bottles to be used should be glass bottles ?’;ﬁh
tight-fitting glass stoppers (for preference) well steriliZ el;
covered with a small piece of cloth tied down. ot
taking the sample the fingers are to be kept clear, rthe
the mouth of the bottle, which should be well rinsed 17,
water to be sampled and then filled to within half an 1?
of the stopper.

In conclusion, the writer would suggest that ay
important surveys are to be made, samples should al® i
be taken and analyzed by a competent chemist, espec
when it happens that the survey is being carried OUt " ig
a view to finding out the actual conditions prevatll 4 ]
the river as the preliminary step to arranging for a supP
of water for a town.
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WATER PRESSURES IN LARGE CIRCULAR
CONDUITS.

With the expansion that has taken place during
recent years ‘in the utilization of water resources, both
for power and for industrial and domestic consumption,
there has been an accompanying increase in variety of
the problems connected with the design of pipe-lines.
One that has risen to a degree of importance calling for
rapid and accurate solution bears upon the use of circu-
lar pipes. The use of conduits of larger diameters has
become widespread, although it cannot be said that the
stresses to which they are subjected are a matter of com-
mon knowledge, or have always been taken into account
in the design.

Water powers that were considered economically
impossible of development in the past are now being
harnessed and brought into commercial use by the in-
stallation of long feeder penstocks. Also, increased
density of population on every side demands an adequate
supply of pure water, with which is frequently associated
the necessity of pipe lines of great length and of large
carrying capacity. These conditions are likely to develop
rapidly as time goes on.

It is true that the use of circular pipes of relatively
small diameter has not entailed serious difficulty for the
designer. With the use of conduits of larger diameters
under certain conditions, however, various elements o%
design come in for careful treatment. One phase of the
problem has been almost totally ignored. It comprises
the large bending moments that are created in the shell
of a circular conduit lying in a horizontal position, and
filled with water.

This most important phase is dealt with in the first
article in this issue of The Canadian Engineer, and we
feel that we are particularly fortunate in being able to
present this analysis by Mr. Hogg. The subject, to our
knowledge, has never been treated in engineering litera-
ture before.

The article also includes a general discussion of the
analysis of the stresses in, and the design of, water con-
duits, which should prove of interest to the engineering

profession.
— >

OTTAWA’S PROPOSED AQUEDUCT.

Ottawa City Council very wisely rejected, last week,
the proposal to amend Sir Alexander Binnie’s report,
substituting a 58-inch pipe line, with a carrying capacity
of 33,000,000 gallons, for the s4-inch pipe line that was
recommended. (See The Canadian Engineer, Oct. 16th,
1913, page 595, et seq.) The argument favoring the
adoption of a conduit of larger diameter, was based upon
the fact that, at the present rate of growth of population,
the city would be obliged to set about increasing its water
supply in six or seven years, which will be about three
years after the line is completed. It is claimed that, with
the present rate of consumption ranging from 175 to 190
gallons per capita per day, the city will soon attain a
population that will demand a greater daily supply than
the 25,000,000 gallons which the proposed 54-inch pipe,
emptying into the service reservoir, would provide.

In his report, Sir Alexander Binnie threw particular
emphasis upon the enormous waste of water in Ottawa.
It was stated that it could be reduced to 100 gallons per
tiead per day; and his report was based upon this figure.
Doubtless, measures will be taken forthwith to stop the
leaks in pipes and house fittings, since it is plain that,

‘__—_
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owing to defects in such connections, over 1oo gallons per
day is lost for each head of population. Thus, without
coercive measures to reduce the quantity actually used by
consumers, the present distribution may be improved so
that the 54-inch pipe would provide ‘a supply sufficient for
many years to come.

What the City Council might well have done, how-
ever, would have been to discuss the advisability of a
duplicate pipe line for this 235,000-foot aqueduct leading
from the outlet of Long Lake to the service reservoir.
Although the pipe line, as projected, will be eight or nine
feet below the surface of the ground, it must pass through
loamy and swampy ground, and has several streams and
rivers to cross by means of bridges, the largest of which
will have a 150-foot span. Coupled with severe winter
weather, these conditions are such as to indicate the ad-
visability of a duplicate line to guard against water famine
in case of an obligative emptying of the pipe for repair.
A 12-day reserve, which the service reservoir is designed
to hold, may be found altogether too inadequate and the
time may be too short in which to get equipment and
materials to the defective spot in the aqueduct, and the
necessary repairs completed.

The water supply of a city is something that demands
greatest care to be taken in its design, construction
and operation, to eliminate all dangers of interruption for
any length of time. A great deal depends upon design.
It is not often that the designing engineer escapes
criticism if deficiencies appear even after the system has
been in operation some little time. In Ottawa’s case,
duplication of pipe line should be given more considera-

tion at this stage.
————

THE HIGHWAY COMMISSION AT BELLEVILLE.

No fewer than thirty-five representatives from sur-
rounding municipalities greeted the Public Roads and
Highway Commission at its sitting in Belleville on Nov.
ath.  Their suggestions were for the most part of a prac-
tical nature, showing that the road question has been
receiving sound consideration and that the counties are
anxious to assist the movement just as far as they possibly
can. Among the recommendations brought forward
there are few that the Commission can pronounce outside
the scope of early realization, if the agitation for better
roads throughout older Ontario meets with the recogni-
tion that is its due.

A few of the suggestions, expressive of the general
feeling of the Belleville meeting, are as follows :—

(1) To prevent a still greater decline in Ontario’s
rural population, something must soon be done to improve
the roads.

(2) A permanent Road Commission should exist, to
obviate an undue amount of patchwork in county road
building.

(3) Counties should be grouped, for purposes of road
standardization.

(4) There should be more Government inspection of
roads, and the Government should force counties to begin
maintenance duties earlier after construction.

(5) More regard should be shown, where possible,
for the lighting of county roads.

The following recommendations of the Road Com-
mittee of the County Council of Hastings were presented
by Mr. N. Vermilyea, president of the Good Roads
Association :—

-the general interest, we are opposed to a frontage
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“That legislation be passed. prohibiting the mant”
facture of new vehicles and the renewal of old ones carry”
ing 1,500 pounds or over with a less width of tire thaf
four inches, and five years only be allowed for changing
to the same width the tires of existing vehicles of similar
capacity.

““That a tax of fifty cents per horse-power be im-
posed in lieu of the existing license fee upon all autos UP
to and including twenty horse-power, 75 cents per hors€’
power on autos above twenty horse-power and up 0 an
including thirty horse-power, $1 per horse-power upo?
all autos above thirty horse-power, and that the money %
raised be applied for highway improvement.

“That expenditures hereafter upon all county T
and bridges shall be borne one-third by the county
which they are situated and two-thirds by the Gover™
ment of the province; that it is of supreme impOl’tance
that the cost of maintenance should be borne in the samé
proportions as the cost of construction by the county a8
province respectively; that as we consider county roads

should be constructed in such places only as will be i
tax)

oads
in

that the highway connecting the producer with the pro
ducer’s market receive first consideration, and that SU¢
roads be selected where the council of each county $ !
approve.’’

—_—ea-oe ——

COST OF OPERATING ELECTRIC TRUCKS:

tractors are the figures contained in 2 repo’

recently presented at the Electric Vehicle Assod?”

tion in Chicago, on the costs of motor it 5
operation. The estimates cover a wide variety of 5%
and operating conditions. As a matter of fact, the op
tion of a motor truck is beset with so widely varying s ¢
dl.tlons—differing with every city, every trade and
with every installation—as to make figures, as 3
very unreliable as a guide though, of course, they do 'er
quently tell what certain owners have succeeded in d.omg!;
The contribution mentioned above, however, is the ol’a
of a special committee, and its figures are based 9"
large range of electric vehicle installations in.varlou

cities. The following is from a table appendin

OF interest to Canadian manufacturers and coﬂ;

erd”

a
a rule»

report :—
Capacity, Ibs. ...coceeeenian 700 1,000 ""gzz
Approximate price ............ $1,500 $2,200 $2)
Fixed charges— 6
Interest at 6% «.ceveeeeeeeeces $ g0 $132 $Igo
Depreciation at 10% «...ovve.-. 150 220 226
Fire insurance at 1% .....ceeee- ¥ 22 00
Liability insurance ............ 100 100 |
i 2
s3ss a4
Maintenance—
Battery upkeep .....coecrcnees $170  $180
Tire upkeep ....cecovueevenees 130 150
Mechanical parts upkeep ....... 50 60
el
$350  $390
Garaging—
Electric power ......ccecveeses $120  $140
Storage and washing .......... 180 180
Garage labor ......coeeeiennny 100 120
r m—————
$400  $44°
Annual operating cost ......... $1,105 $1,304




-

November 13, 1913.

Da_ily COSt (312 days) ..oseeeses $3.54 $4.18 $4.84
B IBper day . i v s esslons 2.00 2.00 2.50
Total daily cost «.qoevevre- $5.54 $6.18 $7.34
Capacity, Ibs. ......... 3,000 4,000 7,000 10,000
PProximate price ....$3,000 $3,400 $4,000 $4,500
Fixed charges—

Interest 5 6% g ....... $180 $204  $240 $270
cPreciation at 10% .... 300 340 400 450
ire insurance at 1% ... 30 34 40 45
1ability insurance ..... 100 100 100 100

$610 $678  $780 $865
Maintenance_
attery upkeep ....... $240 $285 $365  $415
W ibkeep .......... 230 280 400 600
echanjcq] parts upkeep QO 100 125 150
$560 $665 $890 $11165
Garaging~

Slectric POWer ... $240 $300  $360 $400
forage and washing ... 180 180 180 180
f iolabor ... 186,/ 1200 T SO SRS

$600 $680 $r0 9880
gﬂnual operating cost ..$1,770 $2,023 $2,460 $2,910
aily cost ( g $7.88 $9.32
. 312 days) .. $5.67 $6.4 7

Priver BRE day vy 2.50 2500 3000 B
Total daily cost ... $8.17 $8.98 $10.88 $12:32
Ediso i il have lower mainten-

ance n battery equipment wi il

and higher power consumption
€preciation at 10 per cent. sho
€quipment renewal in 10 years,
Maintenance as above.

Nterest should strictly be at 3 per cent. as
und gradually reduces investment.

—————-———
HANDLING OF IDLE PLANT.

HE systematic methods of handling plant, 1n tl}g
construction of the Panama Canal are S'tlnh:ls
eVidence, despite the fact that .much of 12 s
Rec already been retired from service. The o
ot a(JWd' recently published official rules for the layln;i? 2
for e equipment. They are valuable as genera "
OZI: 28 1o engineering contractors, Who have the rsea e
fouowsu.re to follow at frequent intervals. They a

uld provide one com-
?lete which is not figured
t deprecia-
10n

: A thor-
oy LocomOtlves.—Boilers should be emptied an%oﬂefs

Sho.r) Cleaned of all scale and foreign matter.
rould then be ﬁlleda:viil(':l water, leaving space enoug:tfgf
Crug Hh two barrels of crude oil or a sufficient amou 7
O to cover the internal surfaces of boxlfrw—o
Co S This oil should be put in at don}e, thef}r }]‘3 osame
iflstr : ould be opened up and boiler drained. ! e The
frontUCtlonS apply to locomotive tanks as to b?llers.hould
be hend of locomotives and fireboxes of a]! bmle_rs Sbrus
(}roughly cleaned and brushed off with wire
Wit 8Iven a coat of tar paint. This paint can be tanks
BRDray.  The. coal space on all locomotive e
d be thoroughly cleaned and scaled and sur'd

; uip-

s Oat of tar paint. All exterior surfa(tzﬁs z{;ﬁ!ﬂar
ould i ; ssary, using the

8rade Bf . ¢ painted if necesSary, Fiof that purpose:

Paint which is commonly use

THE CANADIAN ENGINEER

713

The jackets on all boilers should be given a coat of white
lead and tallow. Smoke stacks should be covered with
sheet-iron covering made specially for this purpose. Main
rods of locomotives should be disconnected and all bear-
ing and bright surfaces receive a coat of white lead and
tallow. Eccentric straps and blades should be removed
from locomotives and placed with main rods in the cabs,
and cabs boarded up. The steam chest cover should be
lifted, cylinder heads removed, and all surfaces treated
with a coating of white lead and tallow. It will be neces-
sary to remove the valves and pull pistons in order to get
at the parts, which should be replaced, steam chest and
cylinders closed, and the crossheads blocked in order to
eliminate the moving of the pistons in cylinders. The air
pumps and the feed pumps on all equipment should be
opened up and surfaces treated with a coat of white lead
and tallow. The cap on engineer’s brake valve on loco-
motives should be lifted and the surfaces of the valves,
etc., slushed with vaseline. All exterior surfaces of cab
fittings should be given either a coat of white lead and
tallow or vaseline. Interior surfaces of triple valves and
injectors need not be treated, as they are brass. Journal
box cellars on all drivers and engine truck wheels should
be well packed, also journal boxes on tanks.

Steamshovels.—The same general rules for the care
of locomotives will apply to steamshovels. All engine
pistons, valves, rods, eccentric straps, ‘‘A’’ frame collar
and swing circle to be removed; shafts lifted from bear-
ings, wearing surfaces cleaned, doped with white lead
and replaced. Boilers should be stripped with lagging,
and cleaned as outlined for locomotive boilers. Water
tanks should be taken off shovels, inspected, and if found
in bad condition they should be scrapped. Roofs should
be painted with tar paint; also coal platforms and dip-
pers. Other parts now covered with oil or grease can be
protected with a coat of crude oil, which will be sufficient
protection. :

Unloaders, Cranes, Spreaders, Hoisting Engines,
Trackshifters and Piledrivers.—Machinery should be gone
over and given a coat of white lead and tallow, as out-
lined for steamshovels.

Miscellaneous Machinery, Including Shop’s Ma-
chinery and Tools.—Air pumps and feed pumps on all
equipment should be opened up and surfaces treated with
a coating of white lead and tallow. All bearings, journals
and bright surfaces of all machinery and equipment
should be given a coat of white lead and tallow.

— eweo——
PAVING BRICK FROM FURNACE SLAG.

north of England, at Middlesborough, based

upon the utilization of blast-furnace slag. It is

described by Mr. Frank G. Bolles in a recent
Daily Consular and Trade Report. Sevqral companies
are now engaged in the work and are apparently very
successful both as to results obtained from the brick as
well as commercially. The method pursued in the manu-
facture of these bricks is as follows:

A suitable manufacturing site is selected near the
blast furnaces which are to supply the slag, this plant
being connected by an industrial railway upon which .the
molten slag is carried from the furnace to the molding
machine. The latter consists of a met.al v{heel which may
be of any suitable diameter, but wh.lch in the case ex-
amined was approximately 3o ft., this wheel being sup-
d upon a vertical shaft. The spokes of the wheel
of round rods and the construction of the wheel

! N extensive industry is being developed in the

porte
are made
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il itself is quite similar to the wire-spoked wheel used for CROSS SECTIONS OF BREAKWATERS TO WITH:
vehicles. The metal rim upon which the molds are bolted

is approximately three-fourths inch thick and 6 in. wide. STAND WAVE ACTION.*

In the plant examined this wheel carried 120 molds g ins.

long, 3% ins. thick, and 4 ins. deep, which is the standard By Col. Frederic V. Abbot,
size for paving brick. A variety of other molds are used, U.S. Corps of Engineers; M. Am. Soc. GE

| but the bulk of the work is of the paving-brick size. The

molds are made of two pieces, the front end or right side : .
being an arm in one piece wltlich is bolted to the rim of WO prime factors; exposure andcost, defecAiil k-
* . : best form of cross section to adopt for a brea
the wheel, while the left side, back end, and bottom 1s 1 E s 1 the fetch| GLER aves

another piece. The latter is hinged to the part which is VERED S RRRDRUE, TS i e a

: - and with the depth of water at the structure 4

‘ secured to the rim of the wheel and held for casting pur- : ton
‘ ; ; the front between it and the open ocean. At Charlesto™

i poses by a catch on Shaes fpout er.ld of, the, statiauany glass S.C., with moderate depths and outlying shoal areas
‘ On the right side of the mold is cast a lip which assists breal’< oz Full Eareaivf theodean wav};, o5 rubble moun
the operator in more readily striking the mold when pour- ; 3 o it 0
: Bef : b 1d e cross section has served well for the jetties, bu

i 1ng the hot slag. Before casting the molcs &= B deepen the channel, but serving also as breakwaters £
with a powder, the appearance of which would indicate it B W of’waves in the jetty Shasnd a8 con-
| to be Portland or other cement. | struction care was taken to avoid using small ston€ foh
i The car WhiCh carries the slag is of plate S'Eeel Wlth a hearting and Covering it with selected large stone, a
_ a fire-brick lining, the top being covered over with a re- has been frequently done in Europe. Run of the qua_ffy
§ moval cap, in the centre of which is a hole approximately was used up to about low-water, the drilling and plasting
i 18 ins. in diameter, through which the slag is poured being conducted so as to produce as large a percentage
Ll when the car is filled at the furnace. At the bottom of of stone of 7-ton weigth as possible. Above low-wate’
‘? this car is a tap similar to those used upon blast fur- level a skeleton was made of stone from 1 to 7 ton$ “;
naces. The car of molten slag is run alongside the wheel, weight dropped directly along the axis up to 2 helgg
the trough tc the tap extending over the molds; somewhat above high-water level, and left with S* ;.
i the clay plug in the tap is knocked out and the molten slopes as steep as they would stand; this skeleton whe
L slag runs into the mold. As soon as it is filled an opera- covered with quarry run also dumped directly along t y
e tor, by means of a handwheel mounted upon a sheet-steel axis with natural side slopes up to a height of 10 0F 5
i heat deflector and connected through rods and miter feet above high-water. The first heavy storm I
gears to the centre of the molding wheel, turns the latter knock this grouting and the upper part of the skelet‘g:
<o that the next mold comes under the flow of hot slag, down, beating the smaller pieces in among the undistur.s_

and so on until all the molds are filled. By the time that ed larger pieces of stone forming the skeleton, and &'

‘ the wheel has made a quarter revolution the cast brick tributing the balance on the slopes. The groutiﬂg

| has sufficiently cooled to that they may be dropped out then replaced to the former height, taking this timeé 1w il
! of the molds by knocking off the catch which holds the less stone than at first, and a new storm Wwas a‘f"alt 0_
| bottom in place. It generally proved to be necessary to repeat this g;al

cess three times before the cross section assumed 2

permanent form, with crest approximately at hig ‘,wa.:n,
level. Writing from memory only, it is the writer S ;

As soon as they have dropped to the ground they are
taken by laborers to the annealing furnaces, into which

i they are thrown in a promiscuous heap. These furnaces, :

‘ of which there were six in the plant examined, held ap- pression that at the outer ends of the Charleston ]
proximately 1,100 brick at one charge. The heat re- 20,000 feet from shore, the mound was ultimately nefeet
tained in the brick when they are thrown into the fur- go feet wide at mean low-water with a crest about 15 a5
i nace, together with a very small amount of fuel, again above; the crest, which was very smooth and V€, Tye
i brings them to a cherry red, and as soon as the furnace about two-thirds of the way from the seaward Jev
has been filled it is closed and allowed to cool gradually, harbor side of the go feet lying between low-water

feet
24 hours usually being required before the bricks are

etties

on the two sides. At depths greater than 15 to 2 ord”
on seaward side, depending on the local protection a od

removed.
i & . ed by outlying shoals, the slopes were nearly 1 o0 Ir g
| The capacity of the slag car 1s approximately 3% from those depths to the crest the seaward surfac® Wde
tons, from which 360 to 400 paving bricks are made. The convex toward the sea, the slope becoming very eﬂer
bricks, when cleaned up, having all of the rough corners for the 2 feet immediately below the crest. The uP?g
i knocked off which have been left in the process of cast- surface was singularly uniform and smooth, COnSiderl%e
i ing, weigh about 14 pounds each. These bricks are the great size of many of the stones. The harb0f =
Ty proving very efficient for street paving and are being ex- was similar but much steeper throughout. This for¥
ported to Canada, the United States, and many other cross section permits waves to mount the slope a7 ft0
1 countries. over into the harbor with the least abrasion and in]u?,the
i S TR the structure, and it has resulted from the action pr has
i very forces it is intended to resist. The engin€ .t
* OIL VERSUS COAL AS FUEL. simply supplied material, which waves have mOld"‘(.i lgf)t
it final shape. The stilling effect of such a structure 1 g
! According to British Trade and Commerce reports, op- as great as that of one designed to throw the entir® “pe
‘ portunity has been taken of the considerable development in back to the front, but, except in very heavy weather’ugh
the use of oil as a fuel in the place of coal to revise the water between the Charleston jetties is not rough et AP
rules in connection with the burning and carrying of oil fuel, to inconvenience any vessel adapted to ocean trall® g
the flash point of which does not fall below 150 degrees advantage of this method of construction is that eachP
Fahrenheit. These rules were originally adopted in 1902, and _ . - wpro’
advantage has been taken of the experience since acquired *From Col. Abbot’s article on the subject in
to bring the regulations up to date. fessional Memoirs’’ for Nov.-Dec., 1913.
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?f fh.e structure has a cross section just suﬂ‘i'cient for its
dividual exposure, and therefore no stone is wasted to
tgrlve a section stronger than is needed; repairs are ex-

thely easy if a shifting of the other shoals exposes any
Part of the superstructure to heavier seas than existed

t . :
herf.’ when it was built. The last stone was deposited on
e Jetties about twenty years ago, and I am told that
the crest

ere has been no sensible degradation of

Fig. 1.—Drilling Holes for 30-ton

umber of West Indian
harbor and done vast
the inner bay-

le 5
:::icm that time, although a n
am anes have passed over the
age to the city and to shipping in ner .
Sma]] he Galveston jetties were originally built Wlt.g rata :(;
cap . Stone hearting covered with heavy stone sides :
P; the storm of 1go1 produced disastrous effects; as

S0 in-
1 as the capping or side covering was broken the 1n
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enormous quantities of stone. Failures prove more than
successes, and it is possible that at that point some form
of cross section like the Columbo sloping block or the
Sandy Bay coursed squared stone might have been
cheaper in ultimate cost. The preparation of a suitable

flat base for such an accurately laid superstructure would,
however, hgve been vastly difficult and costly on the
Columbia River bar.

Capstones, Sandy Bay Breakwater.

At Point Judith, where the exposure is perhaps com-
parable with that at Charleston, a moderate rubble
mound, with a superstructure of large blocks set to form
a regular cross section, with predetermined surfaces of
heavy rubble on the top and seaward side, has stood for
years with comparatively small repairs, but when they
have been mecessary the regularity of the structur: has
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te
ek re ravelled and

r]
QOIIaPSX'aShed out and the whole structu
At (tj for considerable distances-

Yin he Columbia River jetties the expo g
SOmey,; LIS are so great that a random cross S€ v
Mpogip . Similar to that at Charleston has so far pl‘O_n

fole: 1o maintain above mid-tide without using

a number of stones, only

slightly displaced, had to be taken up and reset to restore
the bond and to avoid conspicuous irregularities. Where
s are straight, or surfaces are planes, the eye is quick
any elevation, depression, or bulge, and this is
disadvantage of too regular outlines in break-

made them costly because

line
to detect
a serious
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waters where the forces in action are so great as to make At Sandy Bay conditions are extreme. For 100.5
‘ deformations probable. Where integrity of the structure distances the depth of water is 800 feet; the exposuré 15
; depends on bond or a smooth surface for waves to mount to the northeast, from which direction come the heaviest
| On, SUCh deformations are not Only Very unsightly but Storms; there are no outlying shoals to protect the pal't
it seriously impair capacity to withstand subsequent storms. of the breakwater lying in the deepest water. A heavy
i At Gloucester, Mass., a very carefully built break- rubble mound forms the base of the structure. An at-
| water, with a superstructure of extraordinarily narrow > / £
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Fig. 3.—Diagram of Storm Damage, Sandy Bay Breakwater.
. . . ¢ ‘ ter
cross section (side slopes of 1 on 0.7) has safely with- tempt to bring it up to 18 feet above mean loW’Waom
| stood storms of great severity and waves of great force, (9.4 feet above high-water) by simple heavy l'a“was
. but the breakwater does not receive the unbroken force blocks failed on the first attempt, and the experimen
of the heaviest waves. It has recently received a wide not repeated. It is to be regretted that it was not pus .
sea apron of 5-ton rubble, to break up the force of waves further, for it is possible that ultimately, as at Charlesto’™
before they strike the superstructure proper. In January, S.C., a cross section would thus have been secured exac
1913, a storm moved a number of cap stones. They have ;
been reset, and dowelled to the course below, to prevent TR

sliding.

A single /ine of ruwbble storne welighing
abouvt & tors Coch was /f3rd slong rhHe
foot of thHe ses ws//.

Fig. 4.—Cross Section of Dog Bar Breakwater, Gloucester, Mass., as Constructed.

Sea Wall. Harbor ‘é‘{”n'

NOTE :—Caps are 3 foot rise, vary in width of face from
il 3.2 feet to 4.6 feet and weigh 8 tons to 11,5 tons with an aver- Maximum width of face ....... 5.6 feet 6.0 fe ¢
il age weight of 9.25 tons. 7ke walls are in six courses in a Minimum width of face ....... 2.5 feet 2.2 feet
rise of 14.0 feet or theoretically 2.33 foot rise per course. In Average width of face ......... 3.4 feet .2 fee
| construction the stone was quarried 2.2 foot rise for the first Weight of maximum stone .... 8.2tons 87 ton:
| s courses, and the 6th course was cut to the rise necessary Weight of minimum stone ..... 4.0 tons 3.2 tons
to secure the approximate grade of bed for the caps, resulting Weight of average stone ...... 4.9 tons 4.7 to% sed
‘ generally in slightly heavier stone in the 6th course. Substructure :—Specifications required that in the ton5',
It The length of stone in the w2lls was spsacified tn he not ward slope no stone should be used weighing less than ge not
il less than 7 feet nor more than 8 f2ct. The dimensions and and that averaze weight of stone in each cargo shou 211.bof
it weights of stones computed on an average length of 7.5 feet less than 4 tons. In rubble mound generally an ton%
are as follows :— slope the stones ranged in weight from 500 pounds
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adapted to the exposure. The depth is so great, how-
~ver, that an enormous quantity of stone would have been
deeded to give sufficient base for the part affected by
itk action, which here extends to 3o feet belqw mean
S(;W‘Water, as shown by actual surveys. In designing 4

Perstructure for this breakwater, all engineers have
:ztcempted to keep the width of foundation a minimum on

ount of the great quantity of stone needed to fill out
€ slopes of the substructure in 80 to go feet of water.
orom the bottom up to a depth of 30 feet below mear3
W-Water the mound stands stable with slopes of 1 on I;

from that teye] up to mean low-water heavy rubble seems
R = F—=30——» ¥
it
et ‘l Il’l ,ll ll" ’l ’li [l ==
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Fig. S5.—Sandy Bay Breakwater Cross Sections.

to 3
Stanqg " The first expenment

With, afely at about 1 on 2.
. t b
diy closely laid, uncut dimension stones Was to set by

heael-sr on the seaward side a row of heavy rectangliila;
Smij o level—12 referred to mean low-water, ?vl:reen
the l‘or "OW at level—6 on the harbor side, filling be 5
dimen"f’s With medium heavy rubble. Successive rowtsion
S’gn Stone hlocks were laid on these founda

S to give a stepped seawar
‘whera ooPped harbor slopip(:)f ronIU

. tWo rows were only a

n ng an
S feey risS Of the headers. Capstones, 20 feet long

» Were set to bond the two walls.

This super”
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structure withstood several winter storms, but in 1908
displacement of stones (see illustrations herewith) showed
that for a permanent superstructure the cross section was
insufficient.

The latest form is due to Col. Edward Burr, who
kept the harbor side of the superstructure unchanged, ex-
cept that the lowest course is now at low-water and not
6 feet below. The capstones are as before, but each is
supported against sliding toward the harbor by a 2-inch
dowel pin set in a hole in the underlying course of the
harbor wall, and solidly grouted in place. Below the
cap the seaward face is built in steps sloping 1 on 1 and
not 1 on 2, with the main object of giving greater lap of
the upper stones on those in the lower courses, to resist
the tendency to pull out to the front—the way in which |
the prior section failed most signally. In both harbor
and land walls he stopped the dimension stone steps at
mean low-water in order to secure better inspection of
the bedding of those most important blocks. The berm
created by drawing back the foot of the seaward slope
was utilized by using is as a shelf to hold 10-ton rubble,
which was brought up to high-water level in front of the
dimension stone. The rubble tends to shatter the waves
before they reach the superstructure proper.

In 1909 a short section of this new superstructure
withstood almost unchanged the heaviest storms of the
past twenty years, and in accordance with recommenda-
tions of the Department, Congress has appropriated suf-
ficient funds to build 8oo feet of this cross section, of
which 200 feet are on the western arm, and 6oo feet are
on the southern arm. This will be a sufficient length to
develop the full destructive force of waves to which the
southern arm is exposed, and if it prove sufficiently re-
sisting the rest of that arm can safely be built to that
cross section.  There is an outlying shoal, submerged
from 30 to 10 feet in local peaks, which gives that arm
some protection. The western arm, however, crosses a
wide, deep depression in which there are no depths less
than 8o feet between the structure and the ocean to the
northward and eastward; here the exposure will be the
maximum, the fetch being the whole width of the Atlantic
Ocean, and experience gained in the work will be the only
safe guide for the officer charged with building the part
of the superstructure opposite to this depression. The
writer’s own inclination would be to make the super-
structure like the rest of the work, if found practicable,
but to widen out the berm and the rubble front slope by
the deposit on that side of large quantities of the heaviest
granite rubble that could be bought.

The writer believes that Congress has been wise in
suspending work on the superstructure of Sandy Bay until
such time as an exceptionally violent easterly storm of
some days’ duration gives further data on the sufficiency
of the present form, which has safely resisted all waves

that have so far come against it.

— > o————
ELEVATOR CAPACITY OF THE G.T.P. RAILWAY.

At present there are on the G.T.P. Railway in M?nitoba
ors with a capacity of 757,000 bushel;; hu; Sa's-

wan, 178 with a capacity of 5,350,000 bushels; in
ﬁ;?:a, 25 with a capacity of-745,ooo bushelss and at F?rt
william, the largest elevator in the world with a capacity
P 575(5,000 bushels. For the prairie provinces, the'tfatal
s s 6,852,000 bushels; including the Fort William

acity 1 L :
gfgrator, the grand total on the G.T.P. Railway is 12,602,000

pushels:

25 elevat
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THE TREATMENT OF UNSURFACED ROADS.

throughout the United States that are unsurfaced, or

rather, that have never been re-surfaced. These

roads are composed of materials which run from the
finest silt to the hardest granite, and the treatment of
one will naturally be entirely different from the treatment
of another. It would be difficult to ascertain the various
soils or natural earths that go to compose the wearing
“surface”’ of these unsurfaced roads. Yet, they must be
carefully maintained, owing to the absence of suitable
surfacing materials in numerous sections of the country,
and the high cost of handling by railroads, preventing
their being surfaced with stone, gravel or other suitable
material.

At the American Road Congress in Detroit, Mr. W.
S. Keller, State Highway Engineer of Alabama, read a
paper dealing with unsurfaced roads, and their mainten-
ance. He divided this type of road into three classes,
as follows :—

First, the ordinary country road opened when this
country was young, leading from one settlement to
another or from a farmer’s home to that of his nearest
neighbor. These roads were not opened through any pro-
cess of law, in fact, there was no law governing roads in
those early days, but by following trails of least re-
sistance, removing trees and such rocks as would not per-
mit the axles of wagons to clear, the pioneers of this
country made it possible to travel, in a way, from place
to place. We have many roads in Alabama now in use
that were opened and traveled during the wars of long
ago. Of course, such roads were opened hurriedly and
little or no attention was given to grades or alignments.
Settlers, taking advantage of work that had been done,
built their homes along these military roads or traces as
they are frequently called. In the construction now of
more modern roads, it is difficult to better the alignment
of these roads on account of homes, churches and schools
which have been built close to these highways. However,
in many places, these roads have been and are being
changed to meet the demand of traffic of to-day. The
genuine bad roads of the South belong solely to this
class. They cannot be mainfained for the reason that
they have never been constructed and the great amount
of work necessary to keep them in passable condition dis-
heartens the man who by law is compelled to work them.
Until these roads are re-located, avoiding heavy grades
and marshy bottoms, sharp angles and useless twists and
graded so that they will have good drainage, we may exX-
pect them to be bad.

The second class of unsurfaced roads are the ordinary
graded earth roads which have proper alignment, grade
and drainage. The construction of an earth road is
simple, but sometimes the simplicity of it causes the
average county commissioner or supervisor to over-
estimate his ability as a road builder. The proper con-
struction of an earth road consists first of a careful in-
spection by the proper official to determine what beneficial
changes in grade and alignment can be made, taking into
consideration initial cost and cost of maintenance. The
centre line and grade of the road should be established
by an engineer. After the centre line has been established
and width of road bed agreed on and grade established,
construction work can begin.  The proper and efficient
grading force for the work should consist of a foreman,
eight or ten good two-horse teams with drivers, one wheel
and one drag scraper for each team and one extra wheeler

lT is stated that there are 2,100,000 miles of roads
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and drag for emergencies, one good railroad grading
plow, one grading machine, one split-log drag, one dump
man and one loader with five or six extra men for gfutf‘
bing and other work. The foreman should be an expert
enced grading man who understands handling earth an
knows when it is proper to use drag scrapers, whee
scrapers or wagons. The road should be so graded that
the ditches or gutters are parallel with the centre line ©
the road and uniform distance from it. When completed'
the road should be uniform in width and surface shoul
be smooth and even, free from holes and high places wit
a uniform crown with a fall of one inch to one foot fro™
centre to gutters. On grades this ratio of fall should ex
ceed that of the grade to such an extent that water wi
readily flow to the ditches instead of down the roa™
Drain pipe should be freely used and no water should b€
allowed to flow over the road if it can be avoided.
some cases it is not practical to build the road above
high-water. In such cases danger signs should be poste
showing at what stage the water becomes too high o
ford the stream.

We have in the South nearly every kind of soil fro®
sticky gumbo on the one hand to coarse sand on the other:
The methods used for improvement of roads throug
section of one will not do altogether for the other. 10
worst roads by far that we have in the South are in o4

rich and fertile prairie lands where, unfortunately, ther®
is very little road building material to be found. 12:;
a

soil readily absorbs water and becomes very sticky
rains. It expands freely and dries rapidly when the Sut;
shines and becomes very hard under the tamping effec
of teams and vehicles. From observation and experierloe
I have learned that these roads of all others require
very high crown and the driving surface should only
wide enough to allow two vehicles to pass. If a rofii
narrow with a fall of not less than one and Oﬂe‘hals
inches to the foot, water will shed rapidly to the ditche
and the entire surface will dry out quickly. A ro2
this kind can be constructed quickly and at little eXPeﬂseé
except where grades are to be reduced or bottoms fille
with a grading machine, or even with a split-log dragé
The latter method will require more time, but in the € 2
will be found to be very satisfactory. No earth roa® o
be maintained in good condition unless it is so
structed as to drain well and unless it is kept free
ruts and holes.

from

The third class of unsurfaced road which weé fr:y
quently have to deal with are those in sections of coun®
where the soil or earth is really road building mater) a;
composed either of gravel, sand-clay or top soil SO - e
when the road is graded it is, in fact, surfaced. whe
th.is. condition exists, splendid roads can be bui
minimum cost.

Iy

The maintenance of unsurfaced roads is radlcalor
different from the maintenance of surfaced roads- id
instance, the patrol system used on macadam roa S j
be entirely inadequate for earth roads.
keep up two or three miles of macadam road Wher.tion‘
would unquestionably be unable to keep in good com% e
a like amount of unsurfaced road. With the usé " g
ever, of a team and drag, he would be able to ke® il
good condition twenty miles of ordinary grade elaiﬂ'l‘
road. Some very zealous advocates of the drag CO'
everything for it, from the removal of stumps anc,
to the ditching of roads. I am a great believer . 0
drag, but from experience, I know that obstric for®
must be removed and proper drainage provided for b
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It is effective. It has been difficult with the road men of
the South to convince county authorities that this little
Machine is of value. The writer, when in charge of roa
Work in a Tennessee County, inaugurated a system of
'agging that proved very successful. Ten roads were
8raded a distance of three miles each. The grading was
ompleted in November. ~With surface of these roads
resh and loose, it was a foregone conclusion that the
Winter rains would soften them to the extent that they
Would become impassable under heavy traffic. Contracts
Were made with a farmer on each of these roads to keep
i dragged during the months of December, January,
ebruary and March and the price paid was 30¢- af hour
O a man and team. The county furnished the drags.
01; an inducement to the men to do good work, the fozr;t)t'
roered prizes of $25, $15 and $10 for the bes ir?'
t ads. Specifications for dragging and rules governi g_

€ contest were furnished each contestant. One im
portant rule was that the prizes would be awz.ir.ded to E;g
;‘;en Who kept their roads in the best condition at i
CaSt cost. In order that the engineer might keepf r_
nifs);e touch with the work, postal re}?ort cards1 v&;:ar; (l)]ut
€ve ed each man and they were required to ﬁlht is R
sur;}’ Monday, showing the distance dragged, ';)ltlhem 2
the €d and cost for the previous week, :fmd mai gy
im office of the engineer. In this way it Was prachicely
m Possible for a dishonest man to render an .acco'un o
teore time than he really consumed without it bemhg a
Poc ted or if he worked more than was necessary, ‘:hehis
disrtls of the other contestants, when compared w1e lect:
i 08ed it.  On the other hand, if one shquld be lr’lkgwise
Etehls work by not dragging sufficiently it was Sl e
condc,t?d. This thirty miles of road was kept in fgll By
ing Ition despite the fact that two heavy sr‘lowsfact Sl
Nect e four months. The most interesting oI
rsted -Wlth the contest was the road that was o

Prize cost the county only $15, of $5 per mile

1 atIn Mmany Southern States the roads are m;;ncf:vl:e:s’
Stat tleaSt are supposed to be, by what 1 s
Ma Ut€ labor, which means a man subject to rbeat g
disty'work out his tax under the direction of al !
foy 't OVerseer. Such labor is practically worthless,
ok d;;n €N are required to work out -the stipula i
statUtyeS'] As it seems to be impossible to (t:gtllx:; ynow 5

5 i S s
ccom T tenance g]fs glr;:' croa?is. Good resu o
thecomp Ished in several counties in Alabama by putting

& : d fore-
Ork in the hands of a few regularly emtI(J)hgli work,

in 0 give all of their time and attention

W}sl::)ad- of leaving it to many beat overseers who work
Whe :: Suits their convenience,

are Suits them, as it usually does.
Ariye Urnished with two or three teams W& it
log gy Wagons, scrapers and grading machines, bgats
or gigrs and necessary small tools and as many

s St ¥ A census
Is ¢ nct.s assigned to each as he can Wg;k.ﬁrst of the
t

€n in . . L
fa each foreman’s territory ; :
Witr O ?ll men subject to road duty, and he 18 furmilzn
Vho » list of names and is required to work ev?;}t’o il
SOung A8 not paid the required amount of cas.h lllowed,
\Nder tl‘eaSury in lieu thereof. No foreman is a
hands Penalty “of dismigsal, to receive cash
Payme Ut such hands as desire to pay
This mnts to the proper county official at t
feney etth has proven good in most cases, e
Permitg; thing the best results cannot be accomp is

& men to work out their road tax.

men

These foremen
with regulaf
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TRIANGULAR RAILWAY TIES.

During the past twelve years upwards of four million
triangular ties have been laid by the Great Northern Rail-
way, from 150,000 to 200,000 now being inserted annu-
ally. Ties of this shape have an advantage which the
following description will disclose :—

In their manufacture either two or four ties are cut
from a log, timber cutting four ties being preferred, as
the annular rings of such ties are convex and provide
better drainage. After a log is squared it is cut diagon-
ally into either two or four pieces 16 in. long on one side
and 8 in. in depth. Triangular pieces 2 in x 2 in. in size
are cut from each of the two upper corners, leaving the
upper face of the tie 12 in. wide. The ties are 8 ft. long.
They are treated with a 6 per cent. solution of zinc’
chloride, equivalent to an injection of 3{ lb. of zinc
chloride per cubic foot of timber.

It will be noted that ties of this type are more or less
self-tamping, especially at the rail ends, and it has been
found to reduce somewhat the expense of joint mainten-
ance in gravel ballast. When not used in conjunction
with the ordinary rectangular ties, the triangular tie is
believed to give promising results, as some of the best
track now in use is thus carried.

—_—eameo———

MOTOR-DRIVEN ROTARY PLANER.

The accompanying illustration shows an interesting form
of planer for very large work, such as facing the ends of
columns, cast-iron bed-plates, stringers, etc., and machining
engine frames and other heavy castings. The cutting tools
are arranged in a circle, which rotates when in ope{ation.

Electrically Driven.

Rotary Planer,

The machine illustrated can handle work 40 inches wide
and 6 feet long. It is mounted on a circular base, on which
it can be turned, and thus increasing its range of operation.
It is manufactured by the Newton Machine Tool Works, Phila-
delphia, and is driven by a Westinghouse motor.

—_— ea»——

TELEPHONE FROM HOLLAND TO ENGLAND.

A submarine telephone is to be laid between Holland and
England. The length of the cable will be 105 miles. Ac-
cording to the present project, the total expense will be near
$3,000,000, and will be borne conjointly by the two countries.
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SEWAGE PUMPING MACHINERY AND
APPLIANCES.

By Gerald Priestman,
President, Merritt Hydraulics Company, Philadelphia, Pa.

Various types of sewage pumping apparatus are in
general use, each type being adapted to its own particular
work and the selection in any one case must rest largely upon
the decision of the engineer. The pumping of sewage differs
from the pumping of water in that provision must be made
when handling sewage, to take care of the solids, grit and

Volume 25.

independent of the ejector bodies themselves, being connect:
ed with them by small piping only. The operation is 88
follows: Sewage gravitates to the ejector bodies; as it rises
to the top it entraps and compresses the air present
in the small bell. This bell is connected by small piviné
to the operating valve. The slight compression acting 0% 8
diaphragm in the valve is sufficient to operate it so that the
main air valve is opened and air is admitted to the ejectof
to displace and discharge the sewage. The valve is also der
signed and set so that the air supply is cut off after 2 pre
determined interval before all the sewage has been @i
placed so that the remainder of the discharge takes
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omy 1

any foreign matter—rags, sticks, etc., which may enter the place while the air is expanding and the greatest econ

pump. In other words, the sewage pump Or lifting apparatus
must be entirely reliable. A shut-down may affect the health
of a whole community.

Pneumatic Ejectors.—Since all rubbing surfaces or mov-
ing parts are eliminated and the sewage is lifted entirely by
a piston of air, the pneumatic ejector is well adapted to
pumping crude and unscreened sewage. Fig. 1 illustrates a
typical isolated sewage pumping plant with three Priestman
ejectors and air tanks installed complete in a pit below the
street level. An installation of this kind would be made,
for instance, to pump sewage from a low lying district of a
sewerage system up to a main outfall sewer, saving the ex-
cavation and construction work necessary to lay the large

secured.
Fig. 2 shows another isolated compressor station of
somewhat different arrangement and with only one ejecto”
Where there is only one pumping plant to be install
complete ejector plant with motors, compressors =,
auxiliaries is installed in a suitable station, as shoW? o
Figs. 3, 4 and 5. In Fig. 3 the ejector proper is in the ¥
below the street surface, while the air compressors, m"wrs-:
auto starters and operating valves are in the house imme.dl
ately above the pit. The advantage of operating valves i
may be located at a distance from the ejectors, is appa"ent’
the valves are located above the street level along with

ily
compressors and auto-starters, where they can all be rea‘:at‘
pe

| main sewer at a deeper level so as to permit drainage by inspected and oiled by the engineer. Fig. 4 shows the OP=
i gravity. ing valves located on the wall to the right of the small €@
|
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L Air is supplied from a central compressor plant furnish- pressor, both above the street level, while the eJe‘itte oy5
e ing air to other similar ejector stations or else for other air tank are below in the pit. Fig. 5 shows a comp:€ g
work. Besides the air tank and ejectors there is also in- tem below ths street level in a very compact station: d; '
stalled in the pit, the ejector operating valve. With this The advantages of the pneumatic ejector have o era'f
type ejector, the air valves may be located at some conveni- been pointed out, namely, the absolute reliability © pot
ent and accessible place near the top of the pit and are tion depending on the fact that the power is transmitte®’ '
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By cutting off the air supply at a pre-determined point ex-

by pl Tt P

ungers, pistons, impellers, screws or similar devices, bu ; ; . i

Y a piston 'of i 4 d 'r, The mechanism for opening pansion occurs during .the. discharge of the remaining
gl a volume, so that the air is released from the ejector

€ valve to admit the compressed air as, for instance, e ree abteonii gt oSN Bl T
phere instead of the full pressure of the air in the
7] storage tank.
: Centrifugal and Plunger Pumps.—If the sewage is
thoroughly screened, a centrifugal pump will handle it
at somewhat lower efficiency than that when handling
pure water, as the solids and grit and grease which
cannot be screened out cause corrosion and incrusta-
tion of metal parts. Screens must always be supplied,
but even these will not prevent rags and other foreign
matter from entering the pump impellers where they
are passed with difficulty and very often become en-
tangled and cause vibration and reduction of the pump
capacity, and eventually requiring a shut-down.

By making the screens finer, a larger proportion of
the solids may be prevented from entering the pump,
thus increasing its reliability but, on the other hand,
necessitating more frequent cleaning of the screens and
more careful attention to the working of the plant. The

gttt
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Fig. 6
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floay ...
at l'lslmg with the sewage, may also be replaced

Do: ;’lst‘_’n or spring of compressed air wh.ich a;t;

is arrsmtable diaphragm in the valve mc.achams.m..nat-

&d jp angement all moving parts are entirely ellflll o3

thin oy stage of the operation of the ejector,
& coming in contact with the sewage D

P

ut air.

Fls- 8.

accumulation of screenage becomes foul and dangerous
to health and the removal of the screenings themselves
is costly and troublesome.

Priestman Natural Compound Pumping System.—
The ordinary stationary screens have not proved satis-
factory, as pointed out, because they require constant
attention and become rapidly choked and the removal
of the screening is very objectionable and costly work.
But screens cannot be done away with or else the
pumps will clog. The Priestman natural compound

s

ZLEVATION

Fig. 7.
Opg, But While the pneumatic ejector is very l'ehab_le’ i .1:
g e 2 some objection on the grounds of inefﬁaencytllxe
"EIiabif. a0ts operating continuously. In small plants, e
hap elty of the pneumatic ejector and the fact .tha L
attey : Tude and unscreened sewage and t]%us reqmlresmof
Make t}ilce’ cleaning of screens, and is entirely fool-P o
Iy oy € Question of efficiency of minor import?.nc.e. "
ten, % More the case where the sewage flow 1s s g ir
Supp),, ;¢ Compressor automatically maintains _the :ir
ompr " the tank and when there is 1O demand the Sy
Ungj) SOr i shut down. The ejector does not operice
a minutls led and it may discharge once an hour Or tw !
tatest % depending upon the rate at W
fug’al . On the other hand, a small pump ©

hich sewage gTavl
f the centrl-

0 ; iods
sy :nglunger type may be operating for 1ong hpeg:-)iv-
lng. mo €T its full capacity, thus underloading the

I as well i . 1 in efficiency.
; , with resulting fall in
:lf mm:alrnzm reason for the higher efficiency fJfhthhe li;ixTnI;
& gps. Ted to the :c ejector, is that with the
driyg pneumatic ejector, atic ejector the

s ve .
dnvlh 'S direct, whereas, with the pneum

: ha Oto muy wh in turn i to overcome
g t fi omp he ai ich in tur pump'ng system has been perfected. n .order
ofsc iy re Wit Capgle lrnJ in th efficient 1d'ﬂiculties by separating the solids in the sewage from
&e : sewage, but an improveme t in the s these dl
Ctorg ; ge, but a b sively. ;

1S obtained, however, by using t
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the liquids by pre-tanks and then lifting them separately by
pumping apparatus best adapted to each service from the
standpoint of both reliability and efficiency.

Instead of the ordinary screens the solids are separated out
by pre-tanks in which baffles, collecting weirs, self-cleaning
screens, etc, are so arranged that the solids are retained in
one portion of the tank and the clarified liquid passes on 1o
another. The solids, which make up only a few per cent. of
the total volume, gravitate into Priestman pneumatic ejectors
and are discharged by compressed air into the delivery main

by-passing the pump or else to a separate discharge pipe.
The clarified liquid is pumped by either high efficiency cen-
trifugal or plunger pumps. The pumps can be driven by
motors, gas or oil engines or steam turbines. The air com-
pressor is small and may be readily driven by belting or from
the shaft of the main driving motor or engine.

Figs. 6 and 7 show the sewage pumping stations design-
ed on the Priestman natural compound pumping system Com-
prising Priestman ejectors for the sludge and high efficiency
triplex plunger pumps for the clarified sewage. Instead of
the plunger pumps, centrifugal pumps could also be used.
Fig. 8 shows the pre-tank as used in the installation shown
in Fig. 7. The drawing shows the inlet chamber, the sludge
chamber, weir chamber and the pump well from which the
clarified sewage is lifted while the sludge gravitates to the
ejectors.

Automatic Sewage Lifts and Water Power.—By use of the
automatic sev “@e lift, sewage may be pumped by sewage,
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of operating cost with these devices warrants their considerd”
tion under all circumstances. A

The cost of a sewage system may be decreased by draid”
ing a low-lying district separately and lifting the sewag®
thus avoiding deepening the excavation throughout the .en-
tire system. A pumping station may not be advisable owing
to the cost of attendance of operation. In such cases @ stuc
should be made of the possibility of using the automatic
sewage lift. Very often topographical conditions permit o
using the power stored in high level sewage to compIf
so that the low level sewage may in turn be lifted by using
this compressed air furnished at no cost. The lift is Fn'
tirely automatic and clogging is avoided by the ﬁUShlf]‘
effect of successive discharges of sewage. A typi_Cf"1 %
stallation of an automatic sewage lift is shown in Fig: o5 !

Instead of pumping the low level sewage by P"wea
derived from the fall of high level sewage, water ff'om
nearby stream or city main may be used instead. Fig: ‘
shows a sewage lift wherein the power is derived fro®
damming a small stream and Fig. 11 shows a water po
lift operating on city water

——

PLASTIC FIRE BRICKS.

E L 4 :q piece
Boiler-door arches and furnace linings in one solid P

. ion ©
are now said to be practicable, owing to an 1nvent1_°§ %
plastic fire brick by the late Lester Betson. The bric will

pounded into the shape desired. It is quite stiff, and 0
remain as placed, it is said, without the use of forms or
molds, except for a simple temporary support in @ dolow
opening or under an arch. It is then set by means of 2 ®
fire in a short time. When it becomes very hard it may
put to immediate use. 0

It is claimed that the bricks are neutralized for expaﬂsise
and contraction, so that they are not cracked or otherV
affected by sudden changes of temperature. Clinkers d° o
readily adhere to the surface, which is smooth and “nbrc,l"l'he
As it fills all crevices, it should be gas and air-tight- gales
brick is being introduced into Canada by the Inlan
Company, Limited, of Winnipeg.

— ewo——

The International Engineering Works, Limited, Of)
W

herst, N.S., Canada, have recently opened three n€ etC
in addition to their regular offices at Montreal, Torontd
These representatives are George M. Taylor, 816

Street, Vancouver, B.C.; J. F. Tracey, 321 Edmonto?
Winnipeg, Man., and Grodwards Company, Cobalt, On%

— e ———

¢
. g 3 ich "
The experiments of British railway companies Wh‘cﬂway

considering the adoption of wireless telegrapry for wite
signalling, marks a new departure in the progress o'dlaﬂd'
less and in the advance of railway science. The _1 ave
and the London and Southwestern railway compani®® 2did?
experimented with the Prentice automatic system, @ ‘

invention, based wupon co-operation between electric? Jid*
mechanical devices on a traction engine. (See The Ca”, uth’
Engineer for Sept. 18th, page 470.) Tne London an Centre

- western has laid a high frequency wave wire oD the oti?e

s 5 4 o
track and a series of insulated wires beneath 2 loc \

to receive radiant energy worked from these. pe b
A green light in the engine cab indicates that * d 1igh'
is clear, and when the section ahead is not clear 2 S
shows. An audible warning is given and the PF
applied automatically. The Midland Railway is using
proved pattern of the Railophore system employed o

ss all

e bfﬂkes i

é N X er Siguoiﬂ
state railways, rendering the passing of set dang’ tef ‘
impossible. Four distinct signals in the engine €2 A

lowed by automatic brake application.

without cost, or else with the water power lift by water. As
conditions do not always permit of the use of the lifts, they
are not found so generally in service, but the entire absence
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COAST TO COAST.

000 Vancou‘,er, B.C.—Plans are being prepared for $5,000,
Worth of new civic work in Vancouver for next year.
annoleoose Jaw, Sask.—Reliable authority is given for the
5 nc_eme{lt that a union station is assured for Moose Jaw,

Ugh its situation is yet undecided.
railw‘?"c"“"er, B.C.—The Trout -‘Creek.bri.dge, the highes(;
or tr ymtres.tle bridge in British Columbia, 15 NOW co‘mpl‘::tet
250 fa » It has been erected at a cost of $11,000, 1s abou

eet high and almost of the same length.

furthvegrkto"’ _sask. The C.N.R. has called off its me

TOXtop g-rad‘ng work at Yorkton, and th‘e grade
t e ls_ almost completed, though there 1s no‘ce
fo the time when steel will have been laid to this centre.
Dartrgttawa’ Ont.—Expenditures by the Public Works 131:3-
annuaint last year aggregated $18,844,223, according to : e
Wag g Teport, now being issued. Of th‘is amount, $xo,1787, 3;
Dublicpint. on harbors, including dredging, and $7,420,885 0

u1ldmgs.

Bfamfo,.d, Ont.—-The present source of supp
ta riantford is far from sufficient, and complaints are fe‘x
e sirtl the city about the low pressure of gas. To reﬁxeld
ich Uation, work on the trunk line from Tilbury ke i;
Cing Will supply St. Thomas, London, and Woodsto}; s
forg w'liuShed to completion, and it is expected that Br

, Ul be connected in January.
$3o’00i:toria, B.C.—Work costing in the neighborg?oi,r?;
and giq has been completed on the roadbed of vtheb lllc e
Practje lney Railway. The roadbed has jbeen re- %E:i &
i ba. ly from Victoria to its terminal at Sldfley, th; rlbgen
intmd €en rebuilt, and a new gasoline-electric car as h‘t

Uced which is giving satisfaction. The result is tha

€ Dub; : ban
SerVicebhc are now furnished with a really first-class subur

n from
from
rtainty

as

ly for gas

2n stzlk":k' Man.— Many citizens were present on N"S"e;;l;:;r

Of the sw-ltness the turning on by Mayor Ross, of elargé

o iWItch that put in motion the motors of the ﬁ'rS;lt .

Dowe,. Ustallation of the Selkirk municipal electric lig o

facwry ®Dartment, e.g., the planing mill, box and STail lity
is selliHOf.the Wm. Robinson Company. The RS n
& its power at the 3 cent rate, with further reductio

f()r 1
Arge consumption.

F .
o ?1'1 William, ont.—The C.P.R. rocker bridge across tl:;t:
Willian;i ' River between Islands One and Two at Ff’ :
to ¢, ° 1as been completed and will be used to carry train
e new freight docks.

The e:}ew §51500,000 coal dock dad toeG
doy 1d§e has been erected at a cost of $200,
g tracks, and may be used to serve
Of the street railway to island terminals.

ing river banks cOV-
hore stretching from
Park to the foot

o000, will carry
T for ex-
tehsions

M
tTeq \:i':}tlrea" Que.—Last spring low-ly
fhe Blao, 2ud and snow outlined the s
of p, 'k Diamond Jine wharf past Sohmer el
beBn.clneau Avenue. Now along this section of shore a
the B]:nstruCted a rampart of new’ wharfage, +he whar.f fro;:
high =X Diamond line shed sloping up to 2 level with td
from 1 23TVes approached from Commissioners Street anf
sork oehlnd this rampart comes the sound of the ru_Sh ];’e
el-ectecln the foundations of the steel sheds which will
Oubtless on the mew wharves next season.

beenM:I"Oton,’ N.B.—The condition of Moncton strefat.s'has
The ‘:it;3 €ause of much local dissatisfaction and cntlcllsm.
oy acaq > Used for paving purposes wooden blocks, frigs'
i Pary) adam ; by the results have been unsatisfactory: ls
i Vii U to the gifficulties a new city always exPe“eI:if

OPerations; for streets are being continually dU€
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up for sewerage, gas, water, and other installations. Moncton
has almost settled the question of good sidewalks; and the
citizens are now feeling that the authorities should direct
their efforts towards an efficient system of street paving.
cornwall, Ont.—The contractor, Mr. G. R. Phillips, of
Cornwall, has completed the new pier at the eastern entrance
to the Cornwall Canal. The work has been going on for

“the past year and a half. The pier is 6oo feet long, and the

style of construction conforms with the usual style of such
structures. The entrance has also been widened and will
relieve the congestion of craft frequent at the foot of the
canal. A pier somewhat similar was erected about two years
ago above lock 17, and with the addition of this new pier,
navigation at the eastern end of the Cornwall Canal will be
rendered much more safe.

Victoria, B.C.—Of the four piers to be constructed near
the Ogden Point breakwater, three are to be 8oo feet in
length, and one 1,000 feet. They will be capable of accom-
modating the largest vessels that will be used in the Pacific
trade for many years to come. -Three thousand and four
hundred feet of dockage, which will be provided by the piers
for which tenders have been invited, will be doubled when
all four piers have been completed. The importance of this
work to the local cities and to the province is magnified by
the fact that all material to be used in the construction,
stone and concrete, will be of local manufacture.

Crand Falls, N.B.—The installation of a modern electric
light system has been completed at Grand Falls. When the
light was turned on for the first time, out of 400 lamps, only
one was found to be out of commission. In addition to the
street lamps, many churches, public buildings and private
have been lighted by the same system; and the town
has erected a large concrete sub-station, and is employing
an electric pump for the waterworks system, instead of steam
pump, which was not sufficiently powerful. The power is
being supplied by the Maine and New Brunswick Electrical
Power Company, Limited, whose power-house is situated at
Arooscook Falls.

Halifax, N.S.—At Halifax, a pier is being constructed
which, when complete, will be the most modernly equipped

_for accommodating oceanic travel in the world. The work

requires 1,818 concrete piers, the largest ever used for a like
purpose ; and these are being driven into the harbor bottom
by the biggest pile-driver in the world. The whole pier will
be 700 feet long by 235 feet wide, provided with the best
pOSSible railway accommodation; and the superstructure
will be a two-story fireproof immigration building of
solid concrete, 200 feet wide, and almost as long as the pier.
When finished, Halifax will possess the most excellent of
immigration facilities.

sSouth Vancouver, B.C.—Plans for local improvements
for South Vancouver, now before the Municipal Council, will

when carried out make that city one of the most modern

municipalities in the Dominion. By-laws for the construction
of a municipal electric light and power plant and a municipal
gas plant have been taken up and given readings. They
are now awaiting the approval of the ratepayers. Petitions
asking the council to rtefer the by-laws to the property-
owners for a vote at the time of the municipal elections or
r are being circulated and largely signed. If these
are signed by ten per cent. of the voters, the

11 be referred to the ratepayers in due course, and
aken at once to begin the

soone
petitions

py-laws wi
if they are passed steps will be t

struction of the plants.

port Alberni, B.C.—The city of Port Alberni, the new
city at the head of the Alberni Canal, now possesses in its

$120,000 waterworks system, one of the finest supplies
er in the Province, equal in clearness and purity, it is

he celebrated Capilano brand. The supply is
dam at an elevation of 614 feet, situated

con

new
of wat
said, to t
prought from 2
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seven miles from the city, and which collects the water as
it comes falling over the rocks from its glacial source above
the Golden Eagle basin. The retaining wall, which is a solid,
massive piece of work, is constructed of huge, cribbed logs,
filled in between with rocks. The building of this wall was
a long, costly operation, as owing to floods the work was
arduous, and delay was occasioned by the half-built wall being
swept away when a sudden flood, caused by heavy rains,
undid in a night the labor of weeks. The wall was built up
again and is substantial enough to resist any pressure that
can be brought to bear upon it. The water enters the intake
pipe through the latest system of cleaning and screening
chambers, which collect a1l small debris which would have
a tendency to enter the pipe. Five miles of 16-inch con-
tinuous wood stave pipe, discharging three and a half million
gallons a day, and capable of providing for 25,000 people,

convey the water to the city limits, after which 10 and 12-inch

steel pipes are used through the main streets, smaller wire- -

wound pipe, tapping the mains, being used for laterals. The
average pressure on the mains is 70 pounds to the square
inch, thus allowing a good head for fire-fighting purposes.

—-_—

PERSONAL.

STANLEY M. OBORN, A. M. Can. Soc. CEaApM;
Inst. C.E., has resigned from the Toronto City Engineer’s
office and has begun practice as a consulting civil engineer
and architect.

SIR ALEXANDER BINNIE, whose recommendations
Ottawa is acting upon in connection with her water supply,
has been asked by the city to assume the duties of chief
engineer of the accepted Thirty-one Mile Lake proposal.

CHAS. MURPHY, general superintendent of the Cana-

dian Pacific Railway Company, at Winnipeg, and formerly
general master of transportation, and local superintendent
at Toronto, will likely accept an appointment to the Do-
minion Railway Commission, to begin duties January 1st,
1914.
W. G. MILLER, Provincial Geologist and Inspector of
Mines for Ontario, was entertained by a dinner in his honor
at the Toronto Club recently. in recognition of his scientific
accomplishments and the public service he is rendering to
Canada in connection with his administration of Provincial
duties respecting geology and mining.

I G. McMILLAN, B.A. Sc, has been appointed In-
spector of Mines for the Cobalt district, succeeding T. F.
SUTHERLAND, who, as reported in our issue of June 26th,
1913, became Chief Inspector of Mines for Ontario on July
st, succeeding E. T. CORKILL. Mr. McMillan returned
recently from Hudson Bay, where he conducted harbor sur-
veys for the Dominion Government. He is a graduate in
mining of the University of Toronto.

———

OBITUARY.

The death occurred, recently, of Sir William Henry
Preese, known in England as the ‘“father of wireless tele-
graphy.”” He was in his 8oth year. Sir William introduced
both the telephone and talking machine into England and was
the inventor of many patents connected with the telegraph
and telephone. For several vears he was engineer-in-chief
and electrician to the British Post Office and was at one time
president of the Institute of Civil Engineers.

The death is also reported of Alfred Russel Wallace,
one of the leading British scientists, in his orst wvear.
During his life he made unusually large and valuable con-
tributions to natural science and economics, and travelled in
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every part of the world in pursuit of his studies. He was 2

prominent authority on the land question and a strong 4%
vocate of land nationalization. :

—_——

CANADIAN SOCIETY OF CIVIL ENGINEERS!
OTTAWA BRANCH.

—

Mr. G. R. G. Conway, chief engineer of the British Cok
umbia Electric Railway, addressed the Ottawa Branch ¥
cently, on the construction of the Coquitlam Dam.
work, which has just been completed, is of special interest t.o
engineers from the fact that in the construction hydra® ¢
process was used. By this process streams of water UP
great pressure are turned on the hillsides, washing out s
stones, clay, etc., which flow through flumes to the pl C‘f

where the dam is under construction. This continud at
ing builds up the dam which /s packed solid by the 3%%
The water

weight of water coming over the falls into it.
this particular lake has been raised about 6o feet.

This work proved to be exceedingly expensive, as B
water supply for New Westminster comes from the S
lake, and for this fact the land which was to be floode 4
the raising of the water had to be cleared of all vegetd”
matter that might contain microbes. - The total cost of &€ X
ing the land was about $666,000. This was of particu]ar u;f
terest to Ottawa engineers, because in raising the 1€ lbe
Thirty-One Mile Lake the ground to be flooded must als®
cleared of all vegetable matter.

—————-——

COMING MEETINGS.

-~
UNITED STATES GOOD ROADS ASSOCIATION
Convention will be held at St. Louis, Mo., November I';iﬁg’
15th. Secretary, J. A. Rountree, Lozt Brown-Marx Buil
Birmingham, Ala. : 08
NATIONAL MUNICIPAL LEAGUE.—Annual Me‘*t ol
will be held in Toronto, November 12th to 15th. Sec eh-ﬂa’
C. R. Woodruff, 705 North American Building»
delphia, Pa. o
AMERICAN INSTITUTE OF ARCHITECTS-/F"w,,
seventh Annual Convention, to be held in New Orlean®
December 2nd, 3rd and 4th. EN'
AMERICAN SOCIETY OF REFRIGERATING (g
GINEERS._Annual Meeting will be held in NeW o
December 2nd to sth. Secretary, W. H. Reed, 154 Navig
Street, New York City. Eﬂ'
AMERICAN SOCIETY OF MECHANICAL o
GINEERS.—The Annual Meeting will be held in New
December 2nd to sth, 1913. N~
AMERICAN ROAD BUILDERS’ ASSOCIATION 4
Tenth Annual Convention to be held in First K5 b
Armory Building, Philadelphia, Pa., December otB W N,Yv
Secretary, E..L. Powers, 150 Nassau Street, New Yor®

AMERICAN INSTITUTE OF CHEMICAL guk
GINEERS.—Annual Meeting to be held in Ne% g
December 1oth to 13th. Secretary, C. D. Odsen, P
Institute, Brooklyn, N.Y. i

AMBRICAN SOCIETY OF AGRICULTURAL &l
GINEERS.—Seventh Annual Convention will be be 3159
Great Northern Hotel, Chicago, December 20th
Secretary, I. W. Dickerson, Urbana, 111.

AMERICAN CONCRETE INSTITUTE.—Tent? AT o
Convention to be held in Chicago, February 16th wpbi"
1014. Secretary, E. E. Krauss, Harrison Building
delphia, Pa.
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20684—OQctober 31—Authorizing C.N.O.R. to connect,

te; <
vin?éo%rlly’ with G.T.R. near town of Pembroke, Ont.: Pro-
Congty 0. (C.N.O.R.) bear and pay all expenses incurred in
Uction, maintenance and removal of said connectlon..
z?SSS\NOVember 3—Approving general plan showmgf
Strugt of G.T.R., and Muskrat® River, and detail plans o
206C ure of proposed bridge.
Mong a86‘0_ctober 27—Refusing applica}tion of Port Hama-
WG, féld District Improvement Association, Port Hammond,
Simi]’ar t order requiring C.P.R. to put into effect same or
Mow i week-end fares from Port Hammond to coast cities as
effect from Vancouver to Port Hammond.

2too()87\ocmber 27—Authorizing Esquimalt and Nanaimo
Cross track of Wellington Colliery Co., Limited, Of

Suh

(e

na S

Riverdlfzn Collieries (Dunsmuir), Limited at or near Trent
0., construct safety switch at or near station 290

on | . t
manlnae 43 Wellington Colliery Co., Limited, and station flag
Same, Sald crossing for purpose of flagging all trains over
Cost 1 0d directing each of said Cos. bear and pay ha

€Xpense of constructing and maintaining said cross-

g’ a . . . .
Aud °Dneci'a?a]f cost and expense of constructing, maintaining

2 ing safety switch, and wages of said watchman.
0., t006 88—October 27—Authorizing Wellington Colliery Rg.
Ject 4o 10S Esquimalt and Nanaimo Ry. at mile 5.924, sub-
206§erta1n conditions. )
limj¢ OQNOCtOber 30—Establishing collection and dqhver)f'
Wen anadian and Dominion Express Cos., in city ©
Sound, Ont
206 3
QO‘FOCtober 20—Authorizing C.P.R.
from, a o ort William Starch Co., Limited,
M?n. I]_>0mt. on easterly limit of right of way ©0
Willjyy, 7 in Lots 6 and 7, Con. D., Island No. 2,

to construct

Toronto, Ont.,
f main line,
Fort

l'lalf"i“t I\OFtober 20—Authorizing, pending installatiog
ll_ne’ crgﬂO'Ckmg plant, C.P.R. to operate trains over bra;;’g]
fam, Subs‘smg C.N.R. ‘adjoining Neebing Avenue, Fort Wil-
Ject to certain conditions.
:\OCtOber 2g—Authorizing C.P.R. to construc
Yo 3y gumber Co., Limited, Regina, Sask. Sl
aksp 03 —October 27—Approving location C.P.R. station
iy Cge,lsa, ol %7’ Seg-pglllf)%, W. 2 M., at mileage 8.0
2060, 0 line, Moose Jaw Subdivision. 1
Subjecy 4—November 3—Authorizing C.P.R. to construct,

Carte, Iflolterms of proposed agreement, temporary Spur g

) gsa ‘é—Al-dinger Co., Limited, Winnipeg, a?. fob il

—Octoh s st G PR to 0pen T0LTLEE
er 30—Authorizing C.P to 28.0, Broadview

Orti()n
Subdivis(i)gnd(’uble track from mileage 25-5

t spur

{10
°T Rut]

S » a distance of 2.5 miles. :
g ?296\0ctober 28_Authsorizing C.P.R. to construct sid-
Ong, "¢ the Toronto Structural Steel Co., Limited, Togontg,
a point on existing siding track, within }1m1t5th_
Way of Ry. Co., in Lot 8, Con. 5, TP. Yorss 4 no'rnto
es direction ‘across Oak Street, town of Weston, 1('30
ork, y °f said Steel Co., in Lot o, Con. 5, Tp: Yoy
*» at mileage 4.46, Ont. Division.

20605

iA;DI']l 2§t7h QCtOber 30—Amending Order No. il
ugs ang 1913, to provide that authority to construc nte
sndel" Saldcross Gilkinson Street, Hamilton, Ont.. gl;acon_
jsn.t Of ¢ip0rder, be subject to certain conditions. Tha 2o
S Bicing % 10 said crossing be not taken as in any way f’ion
lins‘es- IS position when question of grade sepa::ork
dmlted by at time for construction and completion of 212,
O?ted May *der No. 19127, as amended by Order l;foén:oaate’
this ofde'rq' 1013, be extended for three menths fr

08\0-&

19127, dated

for a period of G"?f‘l;\.’

ober 30— Extending. .
"M date of this order. time within \\',hlch of Tor-
“4Ing and spurs therefrom 1nto premises

by

ete
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ORDERS OF THE RAILWAY COMMISSIONERS
O

F CANADA

maries of orders passed by the Board of Railway Commissioners, to date,

ference and easy filing.
dian Engineer for small fee.
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Copies of these orders may be

onto Structural Steel Co., Limited, on Lot g9, Con. 5, Tp.
York.

20699——0ctpber 31—Approving plans and specifications
of Bogart Drain, whe.re same crosses G.T.R. on N. %, Lot
9, Con. 4, Tp. of Elgin, Ontario.

20700—O0ctober 31—Approving station site and station of
G.T.P. Ry. at Tyee, mileage 26.5, Prince Ruper i

> Ml L5 t East, in

Lot 27, Rge. 5, Coast District, B.C. £ S5

20701—QOctober 31—Amending Order No. 102
May 6th, 1913, by adding clause “2”’ to providegfolrs’co(is%u:)cn1
maintaining subway over Thompson Road, Tp. Bertie, Co
Welland, Ont., as follows:—15 per cent. by Pere Marq’uetté
R.R. Co., 47% per cent. by G.T.R., 30 per cent. by M.C.R
and 7% per cent. by Tp. of Bertie. e

20702—October 31—Authorizing G.T.R. to construct sid-
(ng into premises of Gidley Boat Co., town of Penetangui-
shene, Ont.

20703—October 30—Amending Order No. 19750, dated
July 4th, 1913, by striking out Sec. 2z and substituting there-
for follow_mg:—“That consent of city to crossing be not
taken as in any way prejudicing its position when question
of grade separation, or any further protection that may be
required at crossing, arises.”’

20704—October 30—Amending Order No. 10764, dated
July 4th, 1913, by striking out Sec. 2 and substituting follow-
ing :—‘‘That consent pf city- to said crossing be not taken
as in any way prejudicing its position when question of grade
separation, or any further protection that may be required
at crossing, arises.”

20705—November 3—Approving location C.N.R. third-
class station at Bengough, Sask.

20706—O0ctober 31—Approving revised location C.N.R.
Greenway Branch through Secs. 2 and 3, Tp. 3, Rge. 23,
W.P.M., Man., from mileage 78.95 to mileage 80.21.

20707—October 31—Approving location C.N.O.R. station
grounds at Deseronto, Tp. Tyendinaga, Co. Hastings, Ont.,
at mileage 134 from East Don.

- 20708—October 31—Authorizing M.C.R.R. to construct
siding, or coke track, into premises of the American Cyana-
mid Co., in Tp. Stamford, Co. Welland, Ont. And approv-
ing and authorizing clearances as shown on said plan. Ry.
Co. to construct and complete said siding within three
months from date of this order .

20700—November 3—Authorizing C.P.R. to construct
spur from Haley’s Station, Ont., into premises of Renfrew
White Granite Co. )

20710—November 4—Authorizing C.P.R. to construct
spur into premises of McCormack Manufacturing Co., Limi-
ted, in Lot o, Con. 1, Tp. London, Co. Middlesex, Ontario.

20711—October 28—Authorizing T., H. & B. Ry. to con-
struct spur, with two branch lines or offsets therefrom, in
city of Hamilton, Ont., to serve Canadian Westinghouse Co.,

Limited, subject to and upon certain conditions.

20712—November 3—Approving locations of C.N.O.R.
station grounds, namely—At Alice, mileage 06.65 from Ot-
tawa, and at Hiam, mileage 91.6 from Ottawa, Tp. Alice,

Co. Renfrew.
20713—October  28—Authorizing C.N.R. to construct
acréss eleven (11) highways on its Alsask Southeasterly Line,

Sask.
207;4—-October 28— Approving C.N.R. location of Station

at Chandler, Saskatchewan.
s—November 4—Authorizing C.N.R. to construct

071
5 (s) highways on its Calgary-Macleod Branch,

across five

Prov. Alta. :
20716—November 3—Authorizing C.N.O.R. to take, for

purpose of carrving out diversion approved by Order No.
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10871, dated July 22nd, 1013, portion of Lot 22, Con. o, Tp:
Fitzroy, Co. Carleton, Ont., property of S. Reid, Learmouth.

20717—October 30—Approving revised location C.N.R.
Maryfield Branch through Tps. 5 and 6, and Rgs. 25 to 20,
W. 2 M., Sask., from mileage 104.82 to 224.58.

20718—November 3—Amending Order No. 20469, dated
October 1st, 1913, by striking out words, ‘‘and no objection
to the granting of the application having been filed by city
of Winnipeg, although duly notified as appears by affidavit
of service of notice of the application, filed,” and substituting
therefor words following, in recital to said Order, namely :
‘f:ialz]d”reading the objection on behalf of the city of Winnipeg,

ed.

20719—October 28— Approving location C.P.R. station
at Outram, Sask. :

20720—November 4—Authorizing, subject to terms and
conditions contained in agreement, with exception of pro-
vision that spur be moved on demand of Municipality, C.N.R.
to construct spur for P. Hrynczuk from a point on Qak Point
Branch, near Roy (Pacific) Ave., Rural Mun. Rosser, across
said Avenue and through Lots 26, 58 and 59, Block 8, Plan
IiIIIo. 774, property of P. Hrynczuk, to Ross Ave., Mun. Rosser,

an.

20721—November 3—Extending, until December 1st,
1913, time within which C.P.R. complete work of diverting
Nine Mile Road, in Lots 6 and 7, Con. o, Tp. South Gower,
Co. Grenville, Ont.

20722—November 4—Authorizing C.P.R. to construct ex-
tension to existing siding for W. Booth Lumber Co.,
Limited, Toronto, Ont., on land lying westerly of right-of-
way of Company’s main line, Ont. Div., and northerly
of road allowance between Cons. 1 and 2, Etobicoke, Ont..
at West Mimico.

20723—November 4—Authorizing C.P.R. to construct
spur for Steel Equipment Co., Limited, Ottawa, Ont., on part
Lot 17, Town of Pembroke, Ont., at mileage 106.52 from
Ottawa.

20724—November 4—Authorizing C.P.R. to open for
traffic portion of its double track from Ernfold to mileage
70.0 on Swift Current Subdivision, Sask.

20725—O0October 20—Authorizing, subject to terms and
conditions of resolution, C.P.R. to construct new double-track
bridge at Napier St., Iberville, Que., mileage 19.5, Farnham
Subdivision. :

20726—November 4—Authorizing C.P.R. to construct, by
means of grade crossing, two extra tracks across Deveber
Ave., Mun. of Taber, Alta.

20727—November 4—Authorizing C.P.R. to construct
Bridge No. 35.02, White River Sub. Div., Lake Superior
Div., near Goldie, Ontario.

20728—October 20—Authorizing C.P.R. to construct
Bridge No. 0.32 at Lorne St., city of Kamloops, B.C.

20729—October 20—Authorizing C.P.R. to construct, by
means of grade crossings, its ballast pit spur across high-
ways from mileage o to 3.05 of said ballast pit spur, at
mileage 3 from Bassano, on Bassano Easterly Branch.

20730—0ctober 20—Authorizing C.P.R. to construct, by
means of grade crossing, its ballast pit spur aross highway
between Sec. 19-6-11, and Sec. 24-6-12, W. 4 M. on Weyburn-
Sterling Branch.

20731—October 28—Approving location C.P.R. station at
Mara, B.C., in N.E. % Sec. 8-20-8, W. 6 M.

20732—O0ctober 28— Authorizing, subject to terms of pro-
posed agreement, Canadian Bridge Co., Limited, to construct
foot-bridge and grade crossing over Pere Marquette R.R. at
Walkerville.

20733—0ctober 27—Authorizing C.P.R. to construct, at
grade, extension to passing track across Boundary St., Dids-
bury, Alta.

20734—November 3—Authorizing C.P.R. to construct
road diversion in Sec. 4-23-27, W. 3 M., Sask., on Swift Cur-
rent Northwesterly Branch. To construct, by means of grade
crossing. its Swift Current Northwesterly Branch Line across
said diversion, at mileage 06.3 on said branch line from
Swift Current.

20735—0ctober 27—Authorizing V.V & E. Ry. & Nav.
Co.. and C.P.R. to operate their trains over crossing at Bur-
rard Inlet, city of Vancouver, B.C., without their being
brought to a stop.

20736—0ctober 20—Authorizing Montreal Light, Heat
and Power Co. to lay concrete water tunnel under C.P.R. in
Municipality of Ville LaSalle, Que., on south side of Lachine
Canal, opposite to I.ot No. 1021.

20737—October 30—Authorizing G.T.P. Branch

to construct spur for Union Coal Co., Limited, in

36-31-24, W. 4 M., Alta.

Volume 25.

Lines Co-
Sec:

20738—Uctober 29—Authorizing G.T.P. Ry. to constru’t
spur turning out from its main line on 21st St. into Block 12
Inglewood Subdivision, city of Edmonton, Alta.; crossing g
brazeau Avenue, to be constructed in accordance with “kest

lations.”’
20739—November 4—Directing that rating of

provided in Canadian Freight Classification for blaugas
Carbonic Acid Gas be provided, also for oxygen and

lene gases in carloads. 2. Refusing application for
less than carload rating of Oxygen gas.

clas®
46 and

Acety”
a reduced

20740—October 28—Authorizing C.P.R. to constructs 5“,;’,
ject to terms and conditions contained in agreemenf:.’
means of a bridge four tracks on its main line, Alta. Vel
Lethbridge Sub. Div., over and across Westminster Roat

Lethbridge, Alta.
20741—November s5—Authorizing C.N.R. to

Bienfait-Estevan Branch over a coal mine, situated in

Sec. 19-2-6, W. 3 M., Saskatchewan.

2074_,2——November 6—Directing that Pere Marque
Co., at its own expense, employ and maintain a watchmal

Lonsuiet
{

tte RE:
at

crossing of highway 13 miles west of Kingsville, Ont.s RE

ing installation of bell at said crossing.

g f
20743—November 5—Relieving North Shore m;eﬁrzt
ng O

C.P.R., from providing further protection at crossing
public highway west of the west switch at Little St.

Que.

Martln!

20744—October g—Relieving G.T.R. from providiﬂgf G;;,
o

ther protection at crossing of public road one mile east

oming, Ont.

1005
20745—November s—Approving locations C.P.R. sta“‘fs_
at Tribune and Bromhead on Estevan-Forward Branch,
katchewan. '
R. statio?

20746—November 6—Approving location C.Bs Cur
Swift

at Westerham, in S.E. ¥4, Sec. 34-22-27, W. 3 M.,

rent Northwesterly Branch, Province of Saskatchewan-
20747—November s—Extending, until December

1
3 1 sh
quire®

1913, time within which C.P.R. install electric bell, Fe% g
under Order No. zo017, dated August 11th, 1913, at cros

of Main Street, village of Shelburne, Ontario.

20748—November 6—Authorizing C.P.R. and Que:vef

Montreal and Southern Ry. Cos., to operate their ‘tfaints thelf
crossing at mileage 18.81 from Farnham, Que., withot

first being brought to a stop.

3 ) r sotb’
20740—November 6—Extending, until Novembe ing of

1913, time within which C.P.R. install gates at cr
Order

Centre Street, Chatham, Ont., required under
19051, dated April 14, 1913.

0551

No

trd”
20750—November 6—Authorizing C.P.R. to open f°: t0

ffic portion of its Weyburn-Stirling Branch from milea&
d of trat

49.2, east of Stirling, Alberta: Provided spee
limited to a rate not exceeding 25 miles an hour.

20751—November 6—Authorizing C.P:R:

bridge crossing St. Lawrence River at mileage 41.9»

Subdivision.
20752—November 6—Authorizing C.N.R. to

across eleven (11) highways on its Alsask Southe"‘sterl

Sask.

Godson Contracting Co., Limited, an extension
track and a passing siding track in Lot No. 16,
Darlington, at mileage 53.43 on Ry. Co.’s mai
Division, Toronto Subdivision.
20754—November 7—Authorizing C.P.R. to

Bridge No. 9.17 on Nipigon Subdivision, over Maggmt 1

0
agns pe

ct
ConStﬁ;‘]G;

of
W ot, §
20753—November 6—Authorizing C.P.R. t0 Coltlgtr:xis’t'?f

Con. 10: 4
n line,

ystls
co nlszivef 1
gtbr

Ont. ; and rescinding Order No. 20084, dated Augb'}lisdge-
1013, in so far as it authorizes construction of said » ct
20755—November 6—Authorizing C.P.R. to Coa pog;
spur for Kettle River Co., Minneapolis, Minn., fron;t No
on existing spur in N.E. %, Sec. 8-11-4, Y
Transcona, Manitoba. onstf“ct
20756—November 6—Authorizing G.T. Rt -:uye W
siding into premises of the Canada Stove and Furnluebec‘ 1
on Lot 400-342, 259, 250, 264, parish St. Laurent, Sons; 3
20757—November 6—Authorizing Galbraith andand Na¥

construct tramloeging road under V.V and k.
Co.’s trestle bridge, No. 73, near Lincoln, B




