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STRESSES IN LATTICE BARS OF CHANNEL COLUMNS

DERIVATION OF THEORETICAL FORMULA THAT TAKES LENGTH INTO
CONSIDERATION AND THEREFORE ALLOWS FOR STRESS CAUSED BY
BENDING AND THAT ALSO AGREES CLOSELY WITH ACTUAL TEST RESULTS.

By William Worth Pearse, C.E.,
City Architect and Superintendent of Building, City of Toronto.

ORMULZ for calculating stresses in lattice bars of
Columns have hitherto generally been considered
€mpirical, but the writer believes that in the follow-
Ing will be found a theoretical formula which will

atny and all conditions, and which checks up with
ests.

Mmeet
aCtu;ﬂ

NOv:\Sba matter of histqry, it might 'be noted tha_lt on
in Enm. €rand, 1907, an article by the writer was publlshed
Evoly 8ineering Record, of New York, in whfch the writer
een ed a formula for transverse shear whl?h has since
take iadopted by several authorities, but which does not
ing ant_o account t_he length of the column. In th_e follow-
len tl:th]e the writer has evolved a formula which takes
8th of column and bending into account.

The formula published hine years ago was as follows :
i 23247
n

[Equation a.]

Whe
] area of column.

radius of gyration, axis parallel to back of
channels.
distance from neutral axis to extreme fibre.

col Equation a was derived from the New York law for
Umns, as follows :—
2

I

7

n

I

2 [Equation b.]

5 = 15,200 — 58 —i—
Now, if the American Railway Engineering Associa-

e
s formula is used, which is
P l .
4= 16,000 — 70— , [Equation c.]
8o 41 ;
iR - 20°0 [Equation d.]

n
adopltquation d is the value for the transverse shear
by 4; ¢d by several authorities. It can easily be proven
Simyj] '€ct proportion that Equation a and Equation d are

ar, as follows :— _
58V 0l 208
Thel‘Efore, x = 280.
It will be noticed that in Equations a and d the length
N0t appear,
C thay OW, it is evident if we put | = o in Equations b and
the quantity to be deducted due to bending drops

doeg

out, and that nothing would be deducted due to the bend-
ing of the column, or in other words as the length of the
column approaches zero, the stress to be deducted due to
the bending also approaches
zero, or there is a much ‘P
greater stress in the column I
due to bending when the
column is long. As it is T
only the stress caused by
the bending of the column
that causes any stress in the _Z
lattice bars, it is evident 7
that the longer the column
is, the greater must be the I
stress in the lattice bars. 2N
By referring to Table No.
1, it will be noticed that the
stresses for different lengths
vary. Columns 9/ o’ long _Z
have much less stress in 2
the lattice bars than columns
20/ o', of the same cross-
sections. (See Column 2 _J_
of | Trable "No: + 1,). L Iti dsy
therefore, evident from the
above that Equations a and
¢ are incorrect except for |
one length of column, whatever that P
length may be. e T ol
For the same reason, the ratio given ] '[
in Bulletin No. 44 of the Universitylig ——t+—
of Illinois, which was given as .0231
of the compression load, can only be correct for columns

having a ratio of ok 37.8, or thereabouts. By referring
again to Table 1, Cols.lu and 12, it will be seen that for
approximate ratios of 5, = 37.8,that the ratio .0251 com-

pares very closely indeed with the result of the formula
given hereafter.

Derivation of Formula.—Referring to Fig. 1, it has
been assumed that column is hinged top and bottom, and
that a load P is applied top and bottom.
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If the column is very short the material will be crushed
and there will be an even pressure over both channels, as
shown by Fig. 2, and equal to Se per square inch.

Fig. 2. Fig. 3.
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If the column is long, it
will fail by bending and
there will be tension on one
side and compression on the
other, or, by referring to
Fig. 3, it will be seen that
there is a difference of stress
between the two channels
equal to 2k.

Or the total stress in chan-
nel marked C.R. would be

N
| D[~ :r’l

|
i

a2
N

2k~g, due to bending. Fig. 4.
Let So = 16,000 lbs. = allowable pressure per square
inch when column is very short, and S, = allowable

average pressure per square inch for long columns.

Then, (So — S.) = stress per square inch due to
bending of column at centre = k, and (Soe — S:) 4 = total
stress in column at centre due to bending of column.
[Equation 1.] .

A = area of column.

Referring to Merriman’s Mechanics of Materials,
1894 edition, page 132, he gives what he considers the
most accurate column formula for

;: Si1, namely,
B So 5 )
1 —I+ _So___l:[ quation 2.]
mn,ZE rl
Substituting usual values in Equation 2,
S —16—:)—0.# . [Equation 3.]
1.+ 12,000 7
Referring to Fig. 3 and Fig. 4 it will be noticed that
" the right-hand channel (marked C.R.) has a stress per
square inch = Se, while channel marked C. L. has.a stress
per square inch = Se¢ — 2k, making a difference in stress
per square inch between the two channels of 2k per
square inch.
But B = (Se — S,). [Equation 4.]
Therefore, 2k = 2(So — S,). [Equation 5.]
Then the total stress in channel (marked C.R.) due

A A .
‘to bending is = 2k y 2(Se — S1) e [Equation 6.]

Now referring to Fig. 1:—
When a long column is loaded it will bend as stated
before, and the curve it will take will be a sinusoid whose

equationis y = A sin 7 J—;— . [Equation 7.] (Hinged ends

only. If column is not hinged top and bottom, then the
general equation for the flexure of the column will become
y = Asinn«x/l. If one end is fixed and the other end
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is round, then n = 2. If both ends are fixed, then n = 3-
The above equations would have to be used in place ©
Equation 7.)

(See Merriman’s Mechanics of Materials, 1894 edi

tion, page 115.)

Let M = bending moment at centre of column, thed
M = PA,

Total stress in one channel due to

M M PA ;
M= o and B = pr [Equation 8.]
But it was found in Equation 6 that the total stres®

A
in one channel was equal to 2(Se — S\) g

i O R
erefore 7 = 2(Se — S, = [Equation 9.]
Se—8,) 4 :

Or, A = D/ (—‘P £ [Equation 10.]

m = bending moment at any point x.
= Py. Substitute for y, (see Equation %),

= PAsin = —li [Equation 11.]

Substitute for 4, (see Equation 10),
PD!(Se—S.)4 . x

= —-— T

i%

Or, m = D!/ (So— S,) 4 sin = lf . [Equation 12,

Now, stress in channel at any point x = Ll

- =
DS ==8) 4

m
Therefore, % il

sin «

R

Therefore, —1;—/ = (Se — S,) 4 sin rr% = p. [Equation 13
Referring to Fig. 5:—
The stress in end lattice bar bc = p sec 9.
Therefore, stress in end lattice bar
bc = (Se— Si) 4 sin = jli sec ¢. [Equation 14.]
But there are two lattice bars; therefore,
(Se—S,:) 4 sin = ; sec ¢

be = - [Equation 135.]

But angle ¢ is usually 60° and the secant of 60° is 2
therefore, stress in each lattice bar
be = (So—S:) A sin = 7.

If Equation 16 is solved, it will give the stress if
each end lattice bar when ¢ is 60°, and as the end bal

[Equation 16.) |

o

3450%

Fig. 6.

takes a maximum shear, all that it is necessary to do ':
to design the end bar and make the remainder of the baf
the same size.

To find the stress in the lattice bars for any oth
angle than ¢ = 60° use Equation 15, which is a genef
equation.

ef
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TABLE No. 1.—For Design of Lattice Bars of Columns.
(This is probably the first table ever published for this purpose that is worked out in such manner that a drafts-
man can use it for ready reference. A copy of this table, mounted on stiff cardboard and strung ready
to hang, will be mailed free to any reader upon request to The Canadian Engineer.)

/ = g 4 S | 6 v 8 9 /0 i e /3
3 . Sab ) S < € .
R AP AT TS S B Rl T Al By R N RTIRES A
9-0"| 2-628 | 295 | 5F'| 292| 26 | 3392 | -096| 13600| 2800| 100 2i%E"
¢« |z-7993| sy | &2 2pz| #0 | 38" | 15 |M4200| 1800| /(60 | 150 %
" z-a"a//z 67 /i s b S 4 235 | ze g600 | rtoo | y80 .
v |z-9213f | yy8| 84" | 45| I/ 496 | 12 |/4800 | 1zo0| 1290 s
v |z-w0es5 | goz| 94| 28/ 29 | sIE| 06| mes50| s050| 1250 2
y | z1222%| 1206 yf'| 46| 23 | 65| 19 |s5350| 50 P 2% "
v | z-woid| 198 | wf| 56 | 19 | 765| ‘zz|15550| 450| 1870 P
/2-0"|\2-6» 8" 26 | 5E°| 2o 6 03z | 013 |sz200| s200| 1300 P T
v | 2729F| 5 7 632° | z2yz| &3 | 29| 086|(/2950 | sos50| s360 ,
| | z8suf| 67| AT gu | 26 | 237 | ws6|l3650| 2350| 1820 ;
- »'"33/«’4‘5 776| G| se5| 22 4-76”” /o# | /#0000 | zooo| /600 .
” 2-109)5 | §-92 £ | F8/ | I8 | SIE| 6 |/2300 /y00 | 1760 | 1848 v
v | 220u6t| 1206 | 4t | 46| 3 | 65" | pz | msoo| sz00| zoso 23"
v | 25355 | 198 | 13| 56| 25| 165 | w65 |s5200| s00| 2600 2i% %
/8-0"|2-625" | #76 | 57| 2a2| vy | 532| -058[10700]| s300| 1250 2Fx £
’ 2'727.7;’-' v 67" 29z | 66 39" | o /Yoo | g300 16y0 o
|+ |28 67 72| on | 38 | #35| ops | 12500| g500| 1770 .
v | 29%3f| 778 | G| s45| ST | 476 | -08z|s9000| 3000| 1930 ,,
v |2-10%5| 892 | 94" | 56/ | 496 | 594" | -093|s3650| 2350 1940 ;
v |22od] 1206 | g | ger| 9 | 65| y3 | saz00| 1800| 2560| 2480 | 2R 3
v |2 RS 1908 | w4 56| 32 | 65| 33| s#r00 | s300| 5200 ZExE"
16-0"|2-695" | g6 | S7| 294| 92 | 3IZ| .op8| 5550 | s650| 1570 ZEx
L j 27wy 57 67" | 22| 80 | » 9| -056|0y00| 5300| ;700 >
o | 2820 &) i g | o | 493" 06#|//380| 2620 1940 ”
v |29 f78| 6F° | 545 | 63 | #76"| -068| s2000| 2000| 2720 "
|2 goz| If | gor | sy | 5IF| o8| 2600| 3400| z3s0 .
v | 21222%| 206 | uf| 461 25 | 65| 0393|9650 2350 2680 i
v | 2-15835% 19-8 | 13| 56| s9 | 65| -y |/4200| s800| 3937 | 2077 |2F < £
20-0"|z- 1008|892 | 9F | 58l | 63 | 5IF o) | n400 | 4600| Zg60 2ExF"
o | zrzant|zo6 | E"| 461 S| 63| et | 12950 so50| spz0 "
v |zs52d5 198 | H"| 56| g28| 65| 4o |13900| 2/00| 4060 | 3913 | ZFxFT

AuTHOR’S NoTE—Size and weights of channels referred to in Table 1 were taken from the Cambria Steel Company’s
handbook, as were also the distances back to back of the channels. The lattice bars for the smaller columns
might be smaller, but it was assumed that 2]{" was the narrowest distance to take, due to punching and
riveting, but different sizes may be substituted by designing the bars according to Equation 18. Sizes of
lattice bars given in the last column of Table 1 were figured by Equation 18.
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Each end lattice bar would have to be designed to act
as a column having a length equal to f and a load equal
to y.

Referring to Bulletin No. 44 of the University of
Illinois, page 47, they give a formula for lattice bars as
columns based on actual tests :—

P l -
7 e 45 - [Equation 17.]
Equation 17 gives the ultimate fibre stress per square

inch ; therefore, the safe load would be
/& l
7 6,600 — 45 pi [Equation 18.]
Equation 18 is using a factor of safety of 31/, which
is about the same as is given in Equation 3.

From Equation 16, Table No. 1 was figured, which
gives the stress in the end lattice bars for channel columns
having lengths of o/ o, 12/ o/, 15/ o', 18/ o/ and 20/ 0.
For intermediate lengths it would be safe to interpolate.
For different areas, it will be directly proportional to the
area, as will be seen by referring to Equation 16.

Application of Formula.—Now, to prove that Equa-
tion 16 is correct and agrees with experiments, one refers
to Bulletin No. 44 of the University of Illinois, page 33,
supplementary to Table 6, which gives in the last column
of the table ‘‘Ratio of transverse shear to compression
load = .o0251.”

This was the results of tests on ‘‘Column 1.”’

Referring to page 10 of the bulletin, a full description
is given of Column 1, as follows:—

l :

AL=0 18106 Ml =2xl ol =i 37.8, angle of lattice
bar with axis of column = 63° 30.

It seems reasonable that all columns having a ratio

l
of prgl 37.8, or thereabouts, and having the lattice bars

sloping approximately 63° 30/, should have a ratio of
transverse shear to compression load = .o251. Refer-
ring to Table 1, on page 254, it will be noticed that for
two channels 15" at 33 Ibs., 20/ o’ long, the stress

l
given in the end lattice bar is 4,060 Ibs. 7 = 4% which

is reasonably close enough to what is given in the tests
to give approximately the same results ; therefore, we get,
for transverse shear, the following where 4 = 19.8 and
the compressive load per square inch = 13,900 1bs.; and
therefore transverse shear = 19.8 x 13,000 X 0.0251
= 6,880 Ibs.
, 80

There are two lattice bars, therefore = 3,440

Ibs. transverse shear on each lattice bar. (See Fig. 6.)

The secant of 30° = 1.155, therefore 3,440 x 1.155
= 3,973 Ibs. stress in end lattice bar, which is very nearly
what is given in Table 1, which is 4,060 Ibs.

Referring to Table 1 again, it will be noticed that for
l
two channels 7" at 93/ Ibs., ¢/ o long, that wpallliL
S: = 14,200 lbs. and stress in end lattice bar is 1,160 Ibs.
A = 5.7 square inches. '
Therefore, transverse shear = 5.7 x 14,200 x 0.0251
= 2,030 lbs.

2,030
Therefore, . = 1,015 lbs. transverse shear for

each lattice bar.
Then, 1,015 x 1.155 = 1,170 Ibs., which is within
10 Ibs. of that given by the formula, which is 1,760 Ibs.

Volume 30.

Referring to Table 1, two channels 10" at 15 1bs.
12/ o’ long, 7 = 38, 51 = 14,300 Ibs. per square inch,

A = 8.92 square inches, stress in lattice bar = 1,760 Ibs.
Transverse shear = 8.92 x 14,300 x 0.0251 = 3,200

Ibs. The.refore, 3’2200

each lattice bar. ’
Then, 1,600 x 1.155 = 1,848 lbs. stress in latticé
bar, which is within 88 Ibs. of what is given in Table I

= 1,600 lbs. transverse shear for

Referring to Table 1, two channels 12/ at 2035 1bs.
15/ o’ long, = b= 30, S, = 14,200 lbs. stress in latticé

bar = 2,560 Ibs.,’4 = 12.06 square inches.
Transverse shear = 12.06 X 14,200 X 0.025I = 4,300

Ibs. Therefore, 4’%0— = 2,150 lbs. transverse shear fof

each lattice bar.
Then, 2,150 x 1.155 = 2,480 lbs. stress in lattice
bar, which is 8o Ibs. less than what Table 1 gives.

Referring to Table 1, two channels 15" at 33 1bsw
18/ o’ long, Si= g, S, = 14,200 lbs., stress in lattice

bar = 3,937 Ibs., A = 19.8 square inches.
Transverse shear = 19.8 x 14,200 x 0.0251 = 7,000

Ibs. Therefore, o8

2

each lattice bar.

Then, 3,530 x 1.155 = 4,077 lbs., stress in lattic€
bar, which is 140 Ibs. more than what Table 1 gives.

Nore—There are certain secondary stresses caused
by inaccuracy in fabrication which cannot be covered by
any formula that could be derived. This, no doubt, €X"
plains the slight difference between the results of the
tests and the results obtained by use of the formula. Oné
must take into account, also, the possible errors due t0
readings of the extensometers.

= 3,530 Ibs. transverse shear fof

CANADIAN AND INTERNATIONAL GOOD ROADS
CONGRESS..

As previously announced in these columns the third an7
nual meeting of the above Congress will be held in Montreal
at Sohmer Park, from March 6th to roth, 1916. .

A special effort is being made to get together influential
members of all the societies interested in the Good Roads
Movement, and as a result it is expected that the Congress
will be made up of men from all branches of public life—
Government officials, engineers and automobile owners being
particularly in evidence.

The Eastern Canadian Passenger Association has agreed
to grant reduced fares to all persons attending. Among the
many papers to be discussed will be a paper on Road Laws:
in which will be fully explained the legislation under whiC
the provincial governments extend aid to municipalities _or
road improvements and the various statutes upon whic
municipal organization for road purposes is based. Also ©
equal importance will be a paper on traffic regulations. Othef
papers to be discussed will deal with subjects which com€
under the following heads: Road Foundations, Wearing Suf”
face, Bridges and Culverts, Road Machinery, Road Mainten”
ance and Materials of Road Building.
~ The officers of the Congress are: B. Michaud, president’
0. Hezzlewood, vice-president: Geo. McNamee, secretaly”
treasurer; and A. H. Dandurand, W. A. McLean, Howard W-
Pillow, J. Duchastel, T. A. Sanderson. members of committe¢
. The secretary’s office is located in the new Birks Build”
ing, Montreal, P.Q.
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LIMITATIONS OF RESULTS OF TESTS OF
BITUMINOUS MATERIALS.

AVE analyses of bituminous materials any real
meaning to the municipal or highway engineer or
road contractor? Are chemists’ tests reliable;
e and when made on bituminous materials, are they
Ything but means of identification?
tiong };ese questions are raised by a lecture on the lirr.lita-
Whicho the V:fllue qf making tests on bituminous materials,
Bine Was given in the graduate course 1n.h1ghvS/ay en-
by é;lng a couple of weeks ago at Columbia University
che fas. N. Forrest, of Maurer, N.J., who is chief
Mist of the Barber Asphalt Paving Co.
5 Py Forr'est says th.at the first application' of bitu-
chedqumatErlals for paving purposes was not likely pre-
rate thy laboratory tests of any kind, and that, at any
Httlé .fe earl§er schemes for testing such substances did
eXarr;il anything, more than to identify the material under
Nation.
enouA{,ter a bituminous pavement was laid that was
Orrgst of a success to cause it to be conspicuous, Mr.
take Says, the services of a chemist were.employed to
the thing apart and determine of what it was made.

mentT!le func.tion of all bituminous {naterials in a pave-
chemilslph.}’smal rather than chemical, as they are all
ey aCa ly Inert so‘far as concerns any inﬂuence§ to whxc_h
iS the He Sub]ecteq in normal service. An exception to this
bloclc Creosote oil used for imp'regnation of wood paving
Perfo, which must have certain chemical properties to
Sote l’l“ 'ts proper function. With the exception of creo-
e ’te owever, Mr.' Forres‘g claims that pra}ctlcally all of
Who asrts now applied to bituminous materials, by those
Withintf;lmncer'ned in their apphcatlon to roads, come
isclog ¢ ClaSsllﬁcanon of proximate analyses, and do not
says t}? the ultimate composition of the substances. He
chieﬂy ei’) merely reveal certain of its cfharactenstxcs,
With sop ysical, when applied in very strict accordance
me prescribed method.
the Ueg"_eat deal of time and thought has been given to
in bity, Stion of standardization of the methods employed
or testmlflous analy§es. The standardization of methods
5 l‘avsv'ls of more importance, thinks Mr. Forrest, than
Proper Ing of general specifications, as there can be no
unanimitundersta_m.img of specifications until there is
tioned i Y of opinion as to how the characterlstlcs. men-
an abstrn them are to be determined. The following is
ealk Wi;](:t of t'he portion of Mr. Forrest’s lecture which
Wig the difficulty in making, and the value or other-
2 Ot tests on bituminous paving materials :i—
testg ofe _Stan_dardization.of the methods for performing
accop, . ltUmmous'matenals has not yet been satisfactorily
time anIShed, bll.t is progressing slowly, and in the mean-
Ployeg ull description of the method which is to be em-
Is ¢ Should accompany all specifications, if confusion
€ avoided.
the mhat the}'e is considerable divergence of opinion as to
Ost suitable method for performing many of the
taine’ and a Still_grqater divergence upon the results ob-
Cithe, ’t}lls appreciated by all who have been concerned in
aterj le manufacture, sale or purchase of bituminous
Sa S for any length of time.
dis grp €cific Gravity.—There is not much room for honest
View ?ment upon the subject of specific g'xfavit)t, yet in
Pﬁraturethe fact that' that characteristic varies with tem-
lnvm\'ed and such viscous substances as many of those
thepe h are, are prone to entangle air and moisture,
‘natte,- as been more or less controversy over this simple
" As this characteristic of bituminous materials
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frequently plays an important part in the computation of
quantity delivered, and slight errors in the laboratory de-
termination of specific gravity multiply into very consider-
able differences between what is shipped at one point and
received at another, it is worthy of careful consideration.

The temperature of bituminous materials affects prac-
tically all of the physical tests to which they are subjected,
and too much care cannot be exercised to insure the
specific temperature specified, being the actual condition
of the material under examination and not merely that of
the surrounding air or water which may envelop it at the
time. This class of material absorbs and radiates heat
slowly and the period of time stated in a method, through
which a sample is to remain in water, or the procedure to
be followed in heating or cooling it, must necessarily be
based upon considerable experience in such matters and
must also be religiously followed if accuracy is important.

While there may not be much room for honest dis-
agreement upon the subject of specific gravity, there is no
limit to either the room for or the degree of disagreement

Fig. 1.—Improved Freas Oven for Loss
on Heating Test of Bitumens.

in regard to practically all of the other tests to which
bituminous materials are submitted.

Flash Point.—In addition to the dozens of miscellane-
ous independent methods used for the determination of the
flash or fire point, or both, there are as many as at least
eight more or less standard methods for the same pur-
pose which may be described under the name of the ap-
paratus used for the purpose. The eight standard methods
are as follows: Tagliabue, open and closed cup; New
York State, closed cup; Cleveland, open cup; Abel, closed
cup; Abel-Pensky, closed cup; Pensky-Martin, closed
cup; Bureau of Mines, closed cup.

No open-cup method will yield results capable of
duplication in the hands of different operators, and the
value of any results so obtained is questionable. The re-
sults obtained under unlike conditions, either as to type or
cup, or its manipulation, are not comparable. The closed
cup tests can be checked to a single degree.

Penetration.—At the present time there are several

. different instruments {Bowen Penetration Machine, Dow

Machine, N.Y.T.L. Penetrometer, Abraham’s Consisto-
meter) and methods for the determination of the consis-
tency or penetration of bituminous materials, although but
one of each is in general use. As is well known, the
principle of this test is to determine the depth to which a
standard needle under a definite load will penetrate at a
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stated temperature and in a stated period of time. There
are several variables or opportunities therefor in this test
and these must be taken care of at the outset. The con-
sistency of bituminous materials is an adjustable char-
acteristic and, without consideration of any other feature,
may be regulated in terms of the apparatus referred to,
to any degree desired, but as to what is a proper penetra-
tion for a given material or a stated purpose, depends
entirely upon experience with both that material and pur-
pose and where the purpose is located.

The penetration of different classes of bituminous
materials is not always a correct indication of their rela-
tive consistency due to the fact that very adhesive sub-
stances retard the progress of the needle, by clinging to
its sides, while more oily and harder substances may en-
courage its progress. The diameter and depth of the
vessel in which the substance under examination is tested,
and whether its surface is covered with water or exposed
to the air, may also influence the result.

Disagreement in the results of this test by different
operators is more frequently due to temperature variations
in the sample than any other cause, although a dull needle,
too small sample, or lack of the ‘‘knack’’ of manipulating
the test are sometimes contributory causes. Some experi-
ence is necessary to perform the test satisfactorily. After
all conditions are correct, it is conceded that a difference
of four points is satisfactory agreement between different
operators.

Melting Point.—The number of different methods
which have been proposed for the determination of the so-
called melting point of bituminous materials probably
exceeds that of flash point methods. Those with which
the author is familiar are as follows: Cube on mercury ;
Mabery; Kramer & Sarnow and modifications ; ball and
ring and modifications; cube in water; cube in air;
coated bulb and modifications; Wendringer; New York
Testing Laboratory.

Nearly every laboratory has its own ‘‘pet’’ scheme
for this test, and inasmuch as bitumens have no true
melting point, because they are mixtures or combinations
of many different hydrocarbons and other things, any one
of the methods which have been proposed is about as good
as any of the others in the hands of a single operator,
but no two of them yield comparable results and no one of
them in the hands of different operators will agree, unless
every detail of the test is scrupulously adhered to.

Ductility.—While at least three different methods for
the determination of ductility have been proposed, only
one of them is in general use. The three methods referred
to are the Dow, Cross and Abrahams, the first mentioned
being the most popular. ~ The Cross and Abrahams
methods both employ cylindrical test specimens, while the
Dow method involves the use of a briquette having a
square cross-section at its narrowest part, and taking a
flattened hour-glass form.

The results upon the same material as tested by these
three methods are not comparable, but some recent co-
operative work with the Dow method seems to indicate
that results varying from 5 to 4 c.m. were obtained by six
different operators upon the same material.

Loss on Heating.—The loss on heating test is one
which has been the subject of considerable disagreement
chiefly on account of the great variety of apparatus used
for the purpose. It would seem to be a very simple matter
to weigh out a definite amount of material and expose it in
a suitable container to a stated temperature for a stated
period of time, but the difficulty lies in the fact that the
diameter and depth of the container influence the amount
of loss, and the ovens in which the heating is done are of

Volume 30.

all sorts as regards temperature uniformity and air circu-
lation. During the last couple of years a collection of
boxes used by different analysts in making the volatiliza-
tion test has been assembled. Seven dishes vary o
diameter from 4.4 to 7.6 cm., and in height from 1.5 t0
4.3 cm. Two have round corners and five have squaré
corners.

Probably the two types of ovens which are in most
general use are the New York Testing Laboratory gas"
heated, cylindrical oven and the Freas electrically heated
rectangular oven. The former was adopted as stand?f
for this test by the American Society for Testing Materials
several years ago, but since that time the Freas and othef
electrically heated ovens have appeared and are now 12
very general use.

There is a discrepancy in results in the Freas oven
which has been ascribed to the presence of convectio?
currents set up inside the oven. The variation in losS
from a number of samples of the same material in oné
test ranged from an average of 5.8% for position at the
front of the oven to 10.49% for position at the back of t_he
oven. The position of the samples in the oven is the chi€
factor in the cause of the variation. It is obvious that ﬂ}e
temperature or the circulation inside this type of oven 15
not uniform, and that a thermometer in a fixed positio?
will not indicate the true condition of affairs.

In order to circumvent the eccentricities of the ovemh
a revolving shelf has been devised and installed by RoJ
Fitch, of the U.S. Bureau of Standards, in the Freas oven
in that laboratory. This modification is illustrated if
Fig. 1. The shelf is made of a perforated disc of alu-
minum, and is hung midway in the oven from a vertica
shaft which revolves in a fixed bearing in the top venti
lator.  The samples under test are arranged single fil€
around the shelf and the whole outfit is revolved at the
rate of 5 to 6 r.p.m. throughout the entire test. The
power is a small 1/100 h.p. motor, geared directly to the
shaft. Under these circumstances every sample in the
oven is in the same position for the same length of timeé
during test, and two sources of error appear to have bee?
thus minimized, if not entirely removed. Concordant ré*
sults are impossible if the amount of material, the diametef
and depth of the box or dish, and the temperature an
circulation of air are not exactly the same in every
instance.

Hardening After Heating.—The penetration of thé
residue after the loss on heating test has been performe
is, of course, subject to the same errors as surround that
test at all times. It is also affected, however, by the
depth of the material under observation, and if this test
is to be performed a quantity sufficient to provide prope
depth for the purpose should be taken in the beginning:

The maximum depth in millimeters of 20 and'So
grams respectively of a few of the bituminous material®
used in road building, in boxes of different diameter, is 2°
follows :—

Depth of Material in Heating Dishes of Different
Diameter.

Diameter of dish. 2.5 inches.

Amount of Material. 20Grs. 50 Grs. 20 Grs. 5_0‘(31'}

Depth of light flux. SRS v ) 20m.m. som.™
Depth of heavy flux. 6m.m. 20m.m. om.m. 23m
Depthof1.25Sp. Gr. A.C., v
- (50Pen.) smm. 8mm. 6mm. 16m

Depthof1.08Sp. Gr. A.C.,

(50 Pen.) 6mm. 16mm. 7mm. 18m®
Depthof 1.08Sp. Gr. A.C.,

(140 Pen.) 6m.m. 16m.m. 7mm 18m®

. 4
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diamAts 20 grams of asphalt cement in a disb 214 ‘inches
. 70& ¢r is but 6 to 7 m.m. deep, or the equivalent of 60
44 t}E—"l‘-netratlon, it is obvious that such ’mate'rlal (,:annot
eats € amount permitted by many specifications in - the
o tng test and still be of sufficient depth for the penetra-
the best. The fact lthat‘ the needle strikes ar}d stops upon
] tOttOm of the dish is not always apprf:qxated_and has
inStano Controversy or unfavorable criticism in some
Ces.
indic’g}ere are a great variety of instrument§ available for
0 parltr'lg the viscosity of bltumm.ous materials, and wl.ule
roaq mICUI?r type has been oﬁ.‘imally adopted for testing
tha aterials, the ‘‘Engler’’ is more generally used for
the L OTPOSe than any other. In addition to the Engler,
Meng] gvrence, Reflwoo.d, and Saybolt, are sometimes
'0ned in specifications for road building materials.

ut NOHC'Of these instruments speak the same language,
Oper- €re is no reason for disagreement between different
if 11 200TS or laboratories with the same type instrument,

y g Sta_ndard directions for its operation are observed
Oth sides,

viscols‘.he relation of several of the more widely -employed

Dub]is;]met.ers to each other has been worked out and

esty ed in the Proceedings of the American Society for
Ing Materials.

emeﬁff?e“titiousnes§.—Thg direct determination of the
diﬂ‘erex;tl?us Properties of bitumen has been attempted by
fory, . 'PVestigators in a variety of ways, and a recent
oils i ; such test which iS\‘applicable to road surfacing
Chemigy ? Osborne test, (.ievxscd by Clarence B. O:sborr3e,
ang , l.or the State ngh_way Department,'Callfo'rm?,
asl)ha?p ted in the examination of the heavy oils or liquid
t used extensively in that State.

ConSis?se Osbom.e apparatus is illustrated in Fig. 2. It
by 3 in IOf a ho'rxzontal hollow brass spindle 2 in. diameter
A bragg ong, through which water at 77° F. is circulated,
10080101131‘ 2 in. long by 2.01 in. inside diameter, which
By a ¢4 Z}' over the spindle, and a 3-kilo welght.attached
1side 0;. to an eye on the co‘lla.r. The brass spindle ?nd
tion, , dthe collar are coated with the oil under examina-
Cor(f hgl 'the latter is then slipped over the spindle. The
Whe : dlng.the \yelght is wrapped about the 'collar and
While the weight is released the time elapsed in seconds
Sultg cae collar makes t‘hr?e revolutions is recorded. Re-
Ce entitq be Check.(?d within a‘few seconds and the more
Ovem 10us materials interpose greater resistance to the
Sa €At of the collar than less cementitious ones of the
it ::nslsm'ncy. As this device is arranged at present,
Ce ntst available for testing and semi-solid bituminous
Serigg ofor binders for macadam type of construction. A
u tests performed in the writer’s laboratory upon

fitg

availabler- of heavy oils of about the same consistency
€ In the east gave the following results :—
Hea"y Oils. Osborne Test.
L R R T T o 770 seconds
e e S AN T 600 £
el et BT B T B 250 5
NG A e 175 o

.adhe’?‘:e More solid bituminous materials are tested for
ing ¢ Properties by several experimenters by cement-
Sq areo' brass cylinders, or prisms, having an area o_f one
Mg eria;nch’ together with as little of the hot bituminous
as will remain between the parallel faces of two
appliec? sections when a regulated amount of pressure
Ce - After adjusting the temperature of the test
Sujty o Prepared, the cylinders are pulled apart in a
bl‘iqu ° apparatus, such as a tensile machine for breaking
€S of hydraulic cement. A large number of tests
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of the same material must be made to secure a fair
average, and abnormally high and low results should be
discarded. Variations amounting to several hundred
pounds frequently occur.

A test of this character is employed by G. P.
Homstreet, of the Hastings Paving Company, in the con-
trol of the manufacture of asphalt blocks, and also by
Dr. Kleeberg, chemist, Bureau of Highways, Borough of
Manhattan, but the specifications of municipalities for
paving materials have not, so far, included such a
requirement.

Brittleness.—A test for brittleness is not usually men-
tioned in connection with bituminous road building ma-
terials, but is in use by some investigators for special
purposes. One type of such a test is performed at some
specific temperature by resting a small prism of the bitu-
minous material upon knife edges standing a definite
distance apart, and striking it midway with a ball weight
falling a prescribed distance. This test was probably
devised in the asphalt laboratory of the District of
Columbia.

Another type of test for brittleness is in use in the
laboratory of the Highway Department, State of New
York, and elsewhere, and
is applied to semi-solid
bituminous material of
a considerable range of
consistency. In carrying
out the test, six or eight
cylinders, 1.25 or 2.00
inches diameter and of
equal height, are cast in
a split mold and after
they are adjusted to a
standard  temperature,
usually 32° F., are re-
moved from the mold
and broken under a Page
impact or similar ma-
chine. A large number ‘ R 4 EE
of individual tests upon Fig. 2.—Osborne Test for
the same material is Direct Determination of
necessary to arrive at a Cementitiousness,
fair average. '

Solubility.—Bituminous materials are tested in a
variety of complete and partial solvents with certain
objects in view. The universal solvent for bitumen is
carbondisulphide, and bituminous materials and mixtures
are therefore treated with that solvent for the purpose of
ascertaining their bitumen contents. The bitumen con-
tents of such materials is that portion which is so soluble.
Bensole and chloroform are also complete solvents for
bitumen, and are sometimes employed for that purpose,
but carbondisulphide is in more general use and has wider
approval. Carbontetrachloride does not always dissolve
as much of a bituminous material as carbondisulphide.

Petroleum naphtha, acetone, and ethyl-ether are only
partial solvents of bitumen. The former has been em-
ployed extensively in the examination of bituminous ma-
terials, but the test is subject to wide variation in the
hands of even an experienced analyst, unless the tempera-
ture of the solvent, its-gravity or limits of boiling point
and general nature are collectively always the same.

The results of solubility tests of a given bitumen in
70° naphtha and 80° naphtha are not comparable, nor are
the results the same in duplicate tests if one naphtha has
been derived from a paraffine oil and the other from an
asphaltic oil.
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The solvent action of ethyl-ether upon a given bitumen
is constant regardless of temperature and, as ethyl-ether
is a definite chemical substance having a definite boiling
point, the only precaution necessary in the use of that
solvent to insure positive results is to employ pure ethyl-
ether. (A common impurity is ethyl alcohol.) The same
thing is also true of acetone or any other definite chemical
substance. There are no limits to the possible variations
in such tests if the solvents employed are impure or the
tests are performed in a careless manner.

Conclusion.—It has been stated that ‘‘the ultimate
utilization of tests for the purpose of selecting material
for a given use makes it necessary that (1) the test limits
adopted shall specifically define the material, and (2) that
the material thus defined shall have previously proved
satisfactory for that particular purpose.’’

Under the above circumstances, it is obvious that
such tests as have just been discussed do not per se dis-
close the quality of a bituminous material for any specific
purpose. The characteristics determined by such tests
are usually common to all bituminous substances, good,
bad and indifferent.

One will only differ from another in degree, and the
extent of such differences, in view of the limitations of the
tests now in use, will depend a great deal upon the experi-
ence and skill of the analyst making them. With very
few exceptions, none of the tests are conclusive, nor the
data as a result of their application even instructive, unless
it represents a large number of observations upon the
same material. Freak results are often encountered and
such should be eliminated in computing the average result
of any tests susceptible of producing freaks.

The drift of this subject during the past few years
rather brings us abreast with the fact that a great deal
of attention is being paid to the testing of an element
which forms but a small part of an article of manufacture,
viz., the pavement in place and ready for work, which
might perhaps be devoted, with the hope at least of more
positive results, upon the finished article as a whole. The
bituminous binder employed in road building is modified
to such an enormous extent by the mineral aggregate
with which it is associated that its suitability or its quality
for any specific purpose cannot be estimated without con-
sideration of the mineral aggregate, and the conditions of
service which it is required to meet.

The amount of laboratory work required to ascertain
whether a material does or does not comply with such
specifications is small, and the question of mere com-
pliance is much simpler and of less actual importance than
that of quality.

Bituminous pavements which are put down in sheet
fom.1; i.e., as a unit, do not lend themselves readily to
testing as a whole or as a complete mixture, but it is
obvious that a series of tests which could be applied to
the finished article of manufacture, viz., the whole mixture
or the pavement in place, would be much more conclusive
and satisfying from the point of view of the engineer who
is responsible for the work, than the type of tests now in
vogue, confined as they are to the raw materials as
separate units, and give no direct information as to how
congenial such raw materials will be after they are
combined.

There is a definite understanding on the part of en-
gineers as to the function of a bituminous pavement, and
it would not be a difficult matter to forecast rather closely
the probable punishment it will receive in service. A
series of tests which could be applied to the finished pave-
ment or to the complete mixture which is to form the
pavement would be of infinitely more value to the en-
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gineer than any information developed by present-day
procedure.

The manufacturer of a pavement must know what
raw materials to bring together to produce the results
demanded by the purchaser of his product, but at .the
present time the limitations of results of tests of bitu
minous materials for road building are such that aftef
the results are obtained the purchaser of the finish
article must still select the bituminous material for us¢
therein by reputation for good service.

RIGHTS OF CONTRACTOR UPHELD.

At Montreal recently the Superior Court decided #
suit which will be very interesting to engineers and' con”
tractors. According to the evidence, Geo. W. T. Nichol
son, contractor, of Montreal, took a contract late in 1999
to build a power plant for the Canadian Light and Powe”
Co. Under the terms of the contract the payments wer¢
to be made monthly on the engineer’s certificate and fina
payment within 30 days after completion and acceptanc®
of the work. i

When the work was partly completed, an official ©
the company saw a chance to save money by inducing th®
confractor to consent to a change regarding the measur®
ment of material. The official knew the contractor Was
hard-up for money and the men’s pay was four day®
overdue. The company itself was behind with payment 0%
the monthly estimate, then due. Knowing this, the officid
induced the contractor to sign a letter agreeing to a chang®
in the method of measurement, threatening that other”
wise the company would further withhold payment of th®
monthly estimate. The engineers of the company, whe?
the letter was shown them, protested that such a chang®
in the terms of payment was unfair to the contracto!
It was also established to the court’s satisfaction th4
by the terms of an agreement made between the company
and its engineers at a later date, the engineers becqme
mere servants of the company and not independent certify”
ing engineers. Under instructions from the company th¢
engineers refused to sign a final certificate on the compl€’
tion of the work, and the contractor was thrown intC
bankruptcy.

The judge said in his decision: ‘“The engineer W4°
unable to preserve an attitude of judicial independenc®
between the parties, and this released the contractor fro®
all conditions in his contract with the company by whi
he had submitted to have his rights determined by th
engineer.”” The facts in the case were established 10
only by the evidence of the plaintiff, but by the enginee’®
themselves. Under these circumstances the court 82"
a sweeping decision in favor of the contractor, pointi?
out particularly that the agreement extorted from the cO*"
tractor to consent to a change of measurement was 2 d
agreement obtained by ‘‘coercion, violence and fear a
was therefore null and void.”’

A NON-CORROSIVE ALLOY.

A metal that will not corrode on exposure to moisturé e
very desirable for many purposes, such as for mak]ng
faucets and other water fixtures, and fittings for yachts, aﬂ]c
many alloys have been devised for the purpose, as no Sim
metal appears to meet the requirements satisfactorily. A neﬂ
alloy that is claimed to be entirely non-corrosive has beg,
recently patented by an American ‘inventor, consisting of &
parts of aluminum, by weight, 12 parts copper, 5 parts
mium and one part silver mixed in a special manner.
alloy is said to be much lighter than copper or bronzés b
good strength and to run well in casting.

cas
15
THY

IR, & R e I e




\

R ARG Seo, RN |

3 R i 7,8

February 24, 1916.

THE CANADIAN ENGINEER 281

CONSTRUCTION METHODS ON THE TORONTO

AND HAMILTON

HIGHWAY

By H. S. VAN SCOYOC, A.M.Can.Soc.C.E., A.M.Am.Soc.C.E.,

Chief Engineer, Toronto and Hamilton Highway Commission.

[Mr. Van Scoyoc's paper was fully illustrated by numerous lantern views and a motion picture film.

In his introductory remarks he announced that 30 miles of the highway were graded, with practically

all the culverts and bridges widened or replaced, and that approximately 17 miles of the concrete
highway were open to traffz'c.—ED]TOR.]

Hlj: highway follows previously existing roadways
With the exception of diversions at Bronte and

Heeks Corners, a slight shifting of location on
Water Street in Burlington, and a short stretch of
: ?H.St_ructior.l west of Maple Avenue in Burlington.
Widt}?}l,mmum width of graded roadway is 26 feet. This
of 30 ¢ as been mcreas.ed on the highest fills. A minimum
min'eet was grad(;d in cuts. Culverts and bridges have
villa Imum clear width of 26 feet. In the towns and
n ges thesg widths have been increased to provide for
Or two sidewalks, as was felt necessary. The smaller

New c

width of the subgrade, or to be utilized for shoulder con-

- struction, or backfilling by means of a grader, unless the

cut was so heavy that the material had to be moved some
distance. Pick plows or rooters drawn by horses were
used to keep the material loose and the earth hauled by
slushers, wheel scrapers or dump wagons, as the distance
demanded. If a steam shovel had been near at hand it
could have been used to good advantage on some of the
Lorne Park hills, but the limited yardages in any one
location did not seem to justify the purchase or rental of
this kind of equipment. The slopes, both in cuts and in

Bl i

Completed Section.

Cy 5
le!:‘é:ll;ts In the heavier fills have been made of such a
Tegul, thﬁt the slopes of the fills are carried out to the
Structl: Width, avoiding high end and wing walls. _The
in i re‘S‘ hflve been designed for the loading specified
°ncrss C * bridges standard General Specifications for

Cte Highway Bridges, Ontario.

hang; € Problem may be considered as comprising (1) the
erat?g of materials already on the road in the gradl.ng
Mee Ons, and (2) the handling of materials from outside
e COS‘tO thﬁ road; more particularly those required for
a trannuete paving. Modern highway building is largely
0% ofSDOrtatlon problem. As illustrating this, more than
the cost of the sand that went into the work under

Cong; g
Chay deesratlon represented handling and transportation

Mag In thosc sections where there were the remains of
Sy gra:iim roadways the first operation was to tear up the
of 5 o € for at least the width of the concrete by means
the ¢ -arifier hauled by a gasoline tractor. In most cases
QasiOnandePth of stone was loosened by one .trip but oc-
Xperia ¥ more than one was necessary. No difficulty was
The ;. ¢ed where bituminous macadam was encountered.

©0se stone was moved to the side to increase the

Concrete Culvert.

ditching, were hand-trimmed, which added considerably
to the cost per cubic yard of excavation, but was neces-
sary if the section was to be maintained. The slopes were
made 114 to 1. Practically all of the removing of sod
was done by hand, although graders were used to some
extent. Where possible, part of the-ditching was done
with slushers, but much of it was hand-work. About five
miles of trenching was excavated by a trenching machine.
While the limited quantity and the nature of much of the
soil trenched did not present ideal conditions for low-cost
work, a considerable saving was effected in the actual
excavation and a much larger saving made indirectly by
the reduction in the quantity of material required for back-
filling. Practically all of the subgrade was rolled after
the rough grading was completed and many of the fills
were rolled while being made. The stakes to which the
side forms were set were utilized for fine grading. In
fact, much of the fine grading was done after the side
forms were in place. The Commission’s industrial rail-
way track added somewhat to the difficulty of fine grading.
This work cannot be too carefully done; for not only does
an even subgrade greatly reduce the danger of cracks
but it insures the proper thickness of concrete at all times
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Industrial Railway.

and prevents unnecessary waste of concrete. In all cases
the subgrade was carefully rolled just previous to the
depositing of coarse and fine aggregate for the concrete.

. Yards, Transportation Plant, Etc.—The original plan
required three material yards at Port Credit, Oakville and
Burlington respectively. Unforeséeen difficulties and delays
prevented the carrying out of this scheme, and yards
were actually located at Waterdown, Oakville and Port
Credit. An additional yard will likely be required for the
work in York County. Existing sidings on the Hamilton
Radial Railway at Port Nelson and on the Grand Trunk
Railway at Gooderham Siding, near Clarkson’s, were
utilized. The sand and stone for the portion of the spur
line east of the Grand Trunk Railway crossing was un-
loaded by hand at Burlington Junction and hauled by
team. Practically all the sand and stone at Waterdown,
Oakville and Port Credit were unloaded by locomotive
cranes with clam-shell buckets and. were hauled to the

Buckeye Ditcher Used to Dig Ditch for Tile Drain
Adjacent to Sidewalk.

roadway by the locomotives and dump cars on the narrow=
gauge track. The materials at Port Nelson were unloade
by hand and hauled by dinkey and dump cars. The
materials at Gooderham Siding were unloaded by hand
into dump cars, but the dump cars were hauled on the
industrial railway by teams. Usually solid trains of san
or stone were hauled.

Where the concrete was 18 feet in width one dump of
sand and two of stone met the requirements exactly. The
track was first laid to the north of the centre line of the
highway, one dump of sand and one of stone made; the
track then shifted to the top of the stone pile and the
second dump of stone made. As a rule, the cement wWa%
delivered after the track had been shifted to the top ©
the row of stone.

In addition to any economy that industrial railway®
may effect in actual transportation they are desirable b€

25 e

Fiﬂishing Pavement from Steel Bridge—Span, 50 ft.
Finishing Pavement from Bridge—Span, 18 ft.

=
Y 4

Steel Forms and Form Set-lrp to Support Falt
Expansion Joint.
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affltllse they avoid any necessity for disturbing the subgrade
€r 1t has been prepared for the concrete.

the gor a limited period three mixers were supplied from

outfit akville yard. Two_locomotives were used and the

shoy S]] worked double shifts. The sand and stone were
7 clled from the subgrade into wheelbarrows and
Mped into the skip of the mixer.

i MOSt of the water required was pumped from Lake
ario and distributed through a two-inch pipe line.

Steel side forms have been used for practically all of
€ Work so far except for the special work in Oakville.
€y have proven very satisfactory.

Proportioning has been done by wheelbarrow mea-
ment, a wheelbarrow load having been established by
at lesaus?ng boxes. The concrete rgmained in the drum for
Means ‘}5 seconds and was deposited on t}}e subgrade by
b d'o a boom and bucket. Level‘ers with spadfzs and

% SidIStrlbuted the concrete. A strike-board resting on
o m € fOrms. was used to secure _the proper crown a'nd
WOodeen working from a bridge finished the surface with
5 then floats. T}}e finishers also rounded off the edges

roadway with edging tools and were responsible

Sure
Mmegy

»

TR s B ;
Aust; i
llst(;n M.lxers'Working Side by Side on Main Street,
akville. Roadway, 50 ft. Wide. Full Width
of Pavement Carried Forward at Once.

for .
of f'é?: Workmanship at the joints. The joints were made
againstand_“fere placed every 35 feet. The felt was held
pla%d a joint-board with pins until concrete had been

ove, on both sides of the joint. The board was then re-
the eltcarefully so that the joint remained perpendicular,
SPeciy) teXtendmg above the surface of the concrete. A
divigeq amper was used to consolidate the concrete. A
left i float prevented one side of the joint from being
tete, gher than the other. The fresh concrete was pro-
Was 0o Y means of tarpaulins just as soon as the ﬂoati.ng
Were r:’pleted_ On the following morning the tarpaulins
. thie Moved and an earth covering at least two inches
Guent ¢ fess applied. The earth was kept damp by fre-
OPene Prinkling for at least ten days. The road was not
olq Or traffic until the concrete was at least 21 days
€ Joint material was cut off flush with the finished

sln'.f
e by means of a sharpened spade.

mate}.‘ihe earth covering provided part of the shoulder
rrial, the  remainder coming from the ditches.

“nfol(.in concluding, Mr. Van Scoyoc observed that if no
Seen difficulties arise construction work should be
tted this summer.)

Compl
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WATER DISINFECTION IN CANADA AND THE
UNITED STATES.

GENERAL practice in the use of hypochlorite and

liquid chlorine in the disinfection of water supplies

is the subject of a paper presented recently at a

meeting of the American Waterworks Association,
by Mr. Francis F. Longley, of the firm of Hazen, Whipple
and Fuller, New York City. The statistics contained
therein are based upon solicited replies from 110 plants
in Canada and the United States, aggregating over 2,000
million gallons per day.

The newer methods of sterilization, wiz., ozone and
ultra-violet rays, are not dealt with, unfortunately, but
Mr. Longley explains that the replies contained very little
information in relation to them—not suflicient to warrant
its inclusion with that of the hypochlorite and liquid
chlorine methods. :

According to the replies received, about 80% use, or
have used, hypochlorite of lime, and the balance liquid
chlorine. About 75% of the supplies regarding which in-
formation was received are river waters; about 20% are
from lakes, and the small remainder are ground waters.

Of the total installations regarding which replies were
received, the percentages installed each year have been

as follows:

1909, 13%, representing a total of 1oo mil. gals. per day
1910, 14%, representing a total of 450 mil. gals. per day
1911, 229, representing a total of 320 mil. gals. per day
1912, 229, representing a total of 710 mil. gals. per day
1913, 18%, representing a total of 7o mil. gals. per day
1914, 8%, representing a total of 265 mil. gals. per day

Some 37% of the cities replying use a disinfection
without other treatment. The balance use it as an ad-
junct to some treatment, in most cases filtration. In 57%
of those cases in which it is used as an adjunct to filtra-
tion, it is used as a final treatment. In 26% it is used
after coagulation or sedimentation and before filtration.
In the remaining 179 it is applied before coagulation and
filtration.

The data at hand do not give any reasons for the
application before coagulation. In general, an effective
disinfection may be secured with a smaller quantity of
hypochlorite if it is applied after rather than before
filtration. It should be noted that the storage of chlori-
nated waters in coagulating basins and their passage
through filters tend to lessen tastes or odors contributed
by the treatment, and this fact may in some cases account
for their use in this way. Beyond this there is nothing in
the moderate amount of bacterial data secured in connec-
tion with this work that enables us to generalize upon the
relative advantages of these different points of application.

The cost per million gallons for the equipment re-
quired for this treatment varies widely and does not seem
to bear any very close relation to the capacity. The cost
per million gallons as stated, varies all the way from $4
to $2,400. These variations are accounted for by the fact
that designs for equipment of this sort vary widely. Some
are the merest makeshifts, while others are elaborate.
Some of the costs quoted include no building costs, while
others include expensive structures. Taking the figures
as they stand, as the data do not permit any further
analysis, the total costs per million gallons are stated not
to exceed $25 in 12% of the supplies, $50 in 30%, $100 in
42%, $250 in 67% and $500 in 879 of the supplies about
which information is available.

The total cost per million gallons for the process also
varies widely. By far the greater number of costs stated
lie between 10 cents and 50 cents per million gallons, the
average for these being about 25 cents.
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The information at hand indicates that the com-
monest construction of tanks for hypochlorite is concrete.
Some 67% of the replies stated that they had either con-
crete tanks or tanks of wood or iron relined with concrete.
Something more than 20% are of wood without lining.
The balance are either wood with lead lining, wood or iron
with some protective or acid-resisting paint, or porcelain
lining. The liquid chlorine is universally contained in
special iron cylinders.

The piping seems in general tohave been put together
of the materials most easily available, without regard to
corrosion. Fifty-six per cent. of the replies indicate the
use of iron pipe, either block or galvanized, 15% use lead
pipe and about an equal number use brass. A few use
lead-lined iron pipe, cast iron pipe, hard rubber, rubber
hose, bronze or copper pipe.

The same comments apply to the kind of valves and
fittings commonly used. Sixty-six per cent. of these are
of brass such as are usually found in stock. Some 14%
state that bronze valves and fixures are used, but it is’
possible that some, if not most of these, upon further in-
quiry, might prove to be brass. A few use iron valves
or fittings and a few have fixtures made of vulcanite,
rubber composition, lead, copper, glass, etc.

The materials commonly used which seem to have
shown the greatest resistance to the corrosive effects of
hypochlorite are concrete tanks, lead pipe and rubber
composition. ‘Several of the answers indicate that copper,
cast iron and lead-lined iron pipes are used without cor-
rosion and a number indicate, too, that brass and gal-
vanized iron are used without corrosion. The evidence as
to these two last materials, however, is contradictory, as
other answers indicate considerable corrosion with gal-
vanized iron and brass. It seems likely that the quality
of the material and some peculiar local conditions may,
perhaps, be determining factors in the corrosive effect
upon these two materials. The results show the unmis-
takable corrosive effect upon wrought iron and also
upon wood.

Evidence has been found in the past of occasional
large variations in the strength of commercial hypo-
chlorite. In answer to an inquiry on this point, only 29%
indicated that the strength of hypochlorite as purchased
had been determined. That this is a point of considerable
importance is indicated by the following figures:

The maximum percentage of available chlorine stated
was 42%. Numerous others ran as high as 39 or 40%.
The minimum stated was 15%, with several others less
than 20%. The average strength was 33%. In two cases
the maximum percentage strength noted is as large as 274
times the minimum strength. These variations in quality
in the commercial hypochlorite are significant, and it.is
obvious that the strength should be determined and a cor-
rection made in the application, if necessary, if the best
results are to be secured.

The low cost and the ease of application of disinfec-
tion to water supplies have caused its introduction in a
great many places where the records of mortality or mor-
bidity from such diseases as typhoid, which can be used as
indicators of the benefits derived, are already so low that
no striking improvement can be expected therein. In a
large percentage of the cases it seems clear that the appli-
cation was as a precautionary measure. This fact makes
it less easy than might be expected from the large number
of cities and towns making use of disinfection to present
statistics showing actual benefits resulting therefrom.
Among the large number of communities from which in-
formation was obtained, about 759 failed to indicate that
any improvement in typhoid or other health condition
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had resulted. In some cases where there has been ap
improvement it is difficult or-impossible to discriminaté
between the effects of disinfection and of filtration. Mr:
Longley summarizes a number of reports, however, t0
show the improvements that resulted in various places.

Judging from the lack of information in response t0
inquiries bearing upon the relation between the quantity
of hypochlorite required and the color or turbidity in the
water, it seems that a surprisingly small amount of atten-
tion is given in the various cities to following out this
relationship. A knowledge of this relation is of some im-
portance, as it influences the quantity of hypochlorite that
is required for a given water, the quantity that may b€
applied without producing objectionable tastes and thé
economy of the treatment.

The reason for the lack of attention to this point
seems to lie in the fact that the cost of the hypochlorité
required for any water is trifling and it is not of great
importance just what quantity is applied, so long as it 15
enough, on the one hand, to give good bacteriologica
results, and, on the other hand, not so much as to pro
duce objectionable tastes and odors. ;

The doses that fulfil these two conditions do not al
ways coincide. The character of some waters is such that
the dose which can be applied without contributing objec
tionable tastes and odors is more than enough to produc®
the desired bacterial reduction. With such waters theré
is no“difficulty in regulating the dose to give satisfactory
results from every point of view. The character of othel
waters is such that the maximum dose which can be useé
without giving a taste is not enough to give the bacterid
reduction required. This is the difficult condition to mef{t1
and ‘is.found more frequently in raw waters than 1P
filtered waters.

It isi everywhere recognized that there are certail
times when the hypochlorite treatment is less satisfactory
than at others. This is shown principally in the ap
pearance of tastes and odors that occasion complaift
among consumers, or in a low and unsatisfactory remova
of bacteria by the treatment. It occurs generally at 2
time when the turbidity or the color of the water increasé®
greatly, or some other marked change, such as temperd
ture, occurs in the condition of the untreated water.

Different waters vary a good deal in this respect, and
but little information can be found which gives light upo?
the specific reasons for this variation and permits th®
formulation of general statements in regard to it.

An analysis of the figures at hand shows that in 00¢
place a maximum dose as great as 37 pounds per millio?
gallons has not given rise to objectionable tastes or odor$s
and in numerous places 20 to 30 pounds has not bee?
noticeable. The average amount stated for which no 0do*
or taste was noticed was about 14 pounds per millio®
gallons. The replies in which it was definitely stat
that no tastes or odors wers noticeable included abo!
40% of the total. Among the others there were genefd
comments as to the occurrence of objectionable tastes 9
odors, indicating in the main that they are likely to 0cC
with changes in the character of the water treated
especially at times of storm or freshet. :

So far as is indicated by the somewhat incomplet®
data, the largest quantities of hypochlorite are used
those.supplies in which the color or turbidity of the watef
are highest. Unfortunately, the information is not co®;
plete enough to enable any relationship to be established
éven in an approximate way between color, turbidity 2%
quantity of disinfecting agents that may be used with0
objection.
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COUNTRY ROADS.

By W. Muir Edwards,

Professor of Civil and Municipal Engineering,
University of Alberta.

. Pomnt out that the use of material other than that
found in the neighborhood is generally financially out
th 1°f the question. Whether it be loam, sand or clay
st: ocal conditions must be dealt with and the road con-
she,uclted of material at hand. In the second place, we
tio "“_d emphasize the fact that, although there are loca-
115 1n which physical difficulties may be met which are
ard to overcome, most country roads could be made
g;“te _Satisfactor.y by a moderate expenditure _of labor and
tinerSIght' Drainage, proper initial construction and con-
Uous upkeep are the essential features.
. In discussing road construction, too much importance
COunOt be attached to proper drainage. As we travel the
élmmr Yy roads, possnb}y no feature is so I}otxqeable as the
Wh.OSt uniform practice of repeatedly filling in bad spots
Ich could he permanently cured by much less labor
€Voted to proper drainage. In road construction we
€al with surface, side and subsoil drainage.
Th Surface drain'age of the roadway is very important.
Witth}OSt destr};ctlve agent which the road has to contend
its > Water, if allowed to remain any length of time in
S Deighborhood. If pooled on the roadway the top sur-
i:ce Is softened and under the action of the traffic the road
ar futted. These ruts hold more water and if conditions
w: not speedily remedied the roadway goes from bad to
o IS until it is almost impassible. Just here attention
rolg:_.lht- be called to the .fact that the crit_erlon of a gopd
A ? 1S not the possibility of finally passing over it with
©ad, but rather that such a surface is maintained that
4 € motive power, be it oxen, horses or motors, shall give
f€asonable return on the capital it represents.

Surface drainage is accomplished by crowning the
vari The slope from the centre to the sides sh(?uld be
e €d to suit the material used. From one-half inch to
Centmch of fall per foot of road width measured from the
e dre will give satisfactory results. Too flat a crown
rut S to poor drainage, whilst too steep a side slope may
the the roadway and also will encourage undlfe traffic on
e Centre portion. This ‘‘tracking” of vehicles means
'€ased wear at one spot and is a frequent source of
®Struction to the roadbed.
i% e HaVin_g shed the water to the side of the roadway, it
Sat.qually important that arrangements be made for the
lsfElctory progress of this water in the roadside ditches.
though the slope of these ditches may be fairly flat, the
ater should flow to a definite outfall and so be carried
ay from the neighborhood of the roadway. It might
m::n Quite unnecessary to emphasize such an obvious
thister as an outlet for the side ditches but, strange to say,
Wo feature is totally neglected in many pieces of ro?d-
diteh: Due to the soakage of water from these blind
Velc €s into the body of the roadbed, bad spots are de-
OPed which last long into dry-weather periods.
8 Subsoil drainage is often necessary where the road
S across low, wet land. If the surface of the subsoil
ater can pe lowered, a firm foundation for the roadbed
xay be obtained. Drainage of this type is usually quite
Pensive and in many cases may be classed with bridges

I_N dealing with country roads it might be well to first

rog

Other permanent provincial undertakings. Another -

t . .
YPe of suhso;] drainage is that of the roadbed itself. Tile
dlns are placed on one or both sides of the roadway at
€Pth of 214 to 3 feet below the surface. The moisture
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in the roadbed is drawn off, thus increasing its bearing
power and lessening the effect of frost action. In the clay
soils so prevalent in the Province of Alberta this type of
work is of questionable utility. In sand roads it would
be distinctly harmful, since a sand road is the one excep-
tion to the general rule regarding drainage. The retention
of the moisture is the feature to be aimed at in the opera-
tion of such a road.

Initial construction and drainage are so closely con-
nected that a discussion of one must include the other.
Without, therefore, devoting any further space to the first
two essentials in road building, we might consider the
third, which applies more particularly to road operation.
Upkeep should be given equal prominence with drainage
in any roadway discussion. The filling-in rather than the
drainage of bad spots has already been commented upon
as the most noticeable feature of poor roadwork. This
should really be qualified and possibly the premier place
given to the practice of industriously grading a roadbed
and then cheerily leaving it to look after itself. Earth
roads especially need care if they are to remain in a satis-
factory condition. This care may be of the simplest kind,
consisting of the cleaning of roadside ditches and the
dragging of the roadway. This latter operation consists
of pulling over the road a drag which fills in the ruts,
smooths out the ridges and recrowns the road by moving
material from the side to the centre. The drag itself is
extremely simple to construct. Any blacksmith shop or
well equipped farmer’s workshop could turn one out for
not more than $15. The cost of the operation is also by
no means excessive. Owing to the character of the spring
and fall seasons in Alberta, and since no work is required
during the winter, an average of $10 per mile per year
should cover all that is necessary in dragging operations.
This is equivalent to a charge of $3.75 per quarter-section
for this part of road maintenance. Considering the saving
to the farmers in actual cost and the convenience and com-
fort to be derived from good road connections with the
nearest town and with the neighborhood generally, it
might well be considered that it is inertia and lack of
knowledge rather than the expense involved which pre-
vents -the practice. In dragging lies the secret of the
proper maintenance of serviceable country roads.

The necessity for the proper placing and proportion-
ing of culverts might very well be dealt with, but space
permits only a reference to the matter.

Grading an earth road can be done for less than $150
per mile; maintenance, including dragging, might be
placed at $15 per mile per year. It is quite possible that
additional expenses may be found to be justified in sur-
facing country roads with a judicious mixture of sand and
clay. The discussion of this might be left to be considered
in dealing with more expensive types of roadwork justified
in highway construction, and will be dealt with later.

The United States Senate has before it the Shackleford
Bill, sent on by the House of Representatives, carrying an
appropriation of $25,000,000 to aid the states in improving
their public roads.

A convention of branch managers of the Trussed Con-
crete Steel Company. was held on January 25th-28th, at
Youngstown, Ohio. Representatives attended from all over
Canada and the United States, and also from Japan, Hawaii,
South America and Porto Rico. Among the papers and dis-
cussions were some on steel sash, reinforced concrete, shop
practice, engineering practice, commercial value of engineer-
ing service, experiences with reinforced concrete, metal lath,
concrete pavements, Kahn mesh reinforcement, history and
growth of the company, etc.
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HOW LONG WILL OUR TIMBER LAST?

By R. H. Campbell.

The question is frequently asked, ‘“‘How long will the
present supply of commercial timber last in Canada?”
Estimates made have varied from 50 years to 300, depending
on the basis of the estimate. As a matter of fact, Canada
is not facing an immediate timber famine and the existing
supply, if properly utilized, would last indefinitely.

The method of making these estimates shows their use-
lessness. If we assume that the present supply of material
is 600,000,000,000 feet of saw timber and the annual con-
sumption 5,000,000,000 feet, it is easy to see that the supply
will be exhausted in 120 years, providing that the supply is
mot reduced except by regular lumbering, and that the
annual consumption remains unchanged.
most important conditions, but the question also depends on
changes in prices, extent of importation and exportation of
lumber, use of substitutes and new uses of lumber itself.

It has been estimated that forest fires destroy more

lumber annually than is cut and sawn by lumbermen. This
is one of the most important variables in the equation. The
annual production of sawn lumber increased up to 1012,. then
decreased in 1913 and in 1914 has increased again. It would
be absurd to depend on this fluctuating factor in making
calculations to cover the next century or more. 1f the in-
crease in production of lumber were regular and equalled
200 milliqn feet the supply would be exhausted in about
50 years, Instead of 120 years. As prices of certain classes
of lumber in Canada increase other cheaper woods are im-
ported from the United States. - The present war and the
closing of the Baltic ports has created a demand for Cana-
dian timber in Great Britain and France hitherto supplied
by Russia and Sweden.
. The use of metal and concrete in building construc-
tion, bridges, culverts, harbor works, etc., has reduced the
demand for wood for these purposes, but has increased the
demand for lumber for concrete forms, templets, foundry
boxes, patterns and wood used in connection with mining
and marketing metal products. The pulp industry which
consumed an equivalent to ome billion feet of lumber in
Canada in 1914, is a mew industry, using wood to an extent
which could not have been foreseen 25 years ago. These
various considerations demonstrate the futility of estimating
the probable date at which our supply of lumber will have
been exhausted. While we should not sit back complacently
and say, ‘“The supply is good for 300 years; let posterity
look after itself,”” it is equally wrong to take the pessimistic
attitude that we are facing an immediate wood famine.

The available statistics concerning forest products
show the natural course of events. In January, 1900, the
price of ‘“white pine, good sidings” in Ottawa was from
$33 to $38. The same material in 1914 was listed at $58
to $65. This is an increase of $26 per thousand in 14 years
or about $2 a year. This is the best grade of white pine;
the average price of white pine lumber of all grades in 1908
was $20.03. The average price in 1913 was $20.79, an in-
crease of only 76 cents in five years or an average increase of
15 cents a year.  In the last five years the average price of
lumber has increased slightly compared to the increase in
the value of the best grades. This means that there has

een an increase in the production of the poorer grades of

lumber. Logs are sawn to-day and used in making boxes,
rough construction and other inferior uses that would have
never been cut under the wasteful loggine methods in vogue
20 years ago. This closer utilization, the use of inferior
lumber for inferior uses, is a form of conservation that tends
to postpone the final exhaustion of the lumber supply. It
is through such forms of conservation as these that we can
hope to postpone this exhaustion of supply indefinitely.

Forest fires destroy millions of dollars worth of stand-
ing timber annually; they can be prevented by proper pre-
cautionary measures. Wasteful logging methods are rapidly
being superseded as the price of lumber increases. Closer
utilization of all material is a form of economy. The use of
substitutes wherever possible usually reduces the unneces-
sary consumption of wood. The use of inferior species or
trees which have been comsidered as weeds, for purposes to
which they can be adapted, reduces the consumption of
more valuable materials. Finally the planting up of waste
lands, burned-over or logged areas and all lands not fit for

These are the -
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agriculture, paves the way to intensive forest management,
when the torests of the country will yield an annual crop of
wood equal to the demands of the country for all time.

Canada has a great national heritage of timber resources.
The existing supply of commercial saw timber lies between
five and seven hundred billion feet, board measure,
and covers an area of approximately 170,000,000 acres,
the greater part of which is land unfit for agriculture,
but suitable for producing timber. There are over
150,000,000 acres of forest reserves in Canada, much
of which does not carry timber of commercial value
at present, but all of which is capable of producing valuable
forest products.

In 1914, Canada’s 2,843 active sawmills reported cutting
3,046,254,000 feet, board measure, of lumber valued at the
mill at $15.30 a thousand feet. Spruce, white pine amd
Douglas fir together formed 72 per cent. of the total. Can-
ada’s lumber production comsists chiefly of soft woods or the
woods of coniferous trees, the hardwoods forming less than
7 per cent. of the total. (In the United States the hardwoods
form over 20 per cent. of the lumber sawn.)

Canada produced in 1914, 2,106,884 cords of pulpwood,
valued at $14,770,358. Lumber and pulpwood are our most
valuable forest products, but the total, which includes fire-
wood, ties, poles, posts, piles, fence material, wood for dis-
tribution, tanning material, cooperage stock, and many other
miscellaneous products, is estimated at over $150,000,000.

RAILROAD EARNINGS.

The following is the weekly record of the transcontinental
railroads’ gross earnings for January:—
Canadian Pacific Railway

1016. 1915.
Janaary s, LG TS $1,874,000 $1,316,000 + P$558,000
Janazyr xda s s ieis o 1,863,000 1,321,000 + 542,000
Jantaryiar. . e it 1,010,000 1,301,000 + 510,000
January:- a1 iedlhie) 2,733,000 1,880,000 + 853,000
Crand Trunk Railway
Jamuany A R $ 880,702 $ 753,522 + $137,180
Janvacy 24T, Lk 066,301 779,745  + 186,550
e arys 2 &k ac it 080,014 705,830 + 185,084
JADNUABY /3T o4 ol 1,450,490 1,001,716+ 367,783
Canadian Northern Railway
Janitaty:, g b SR $ 541,100 $ 315,700 + $225,400
ADTATV T4 75 e sieve 460,300 349,300 + 120,000
Jandary oy At e 504,000 322,600 + 181,400
January: 3 vl 572,400 451,800 + 120,600

The Canadian Pacific Railway statement of earnings and
operating expenses for the month of December shows an
increase in net earnings of $3,502,797, or 159 per cent., over
the corresponding period a year ago, total net being $5-
702,321. Gross earnings were $12,705,673; working ex-
penses, $7,003,352. For six months ended December 31st
figures are: Gross earnings, $66,470,164; working expensess
$36,845,977 ; net profits, $20,624,187. In December, 1914, net
profits were $2,190,524, and for the six months ended De-
cember 31st, 1014, $19,673,576.

The Canadian Northern December statement shows the
following figures :—

J 1015. 1014. Increase:
Gross earnings ....... $3,435,600 $1,800,600  $1,626,000
Expenses! oi sl 2,233,500 1,376,400 857,100
Nebs (carnings v o wiin 1,202,100 433,200 768,000
Mileage in operation. . 8,270 6,886 1,384

COBALT ORE SHIPMENTS.

The following are the shipments of ore, in pounds, from
Cobalt S.ta'txon for the week ended February 4th, 1916:—

Domlmoq Reduction Company. 88,000; La Rose Miness
873027: McKinley-Darragh-Savage Mines, 170,126; Coniagas
Mines, 168,423. Total, 513,423 pounds, or 256.7 tons.

New Liskeard—

Casey Cobalt Mine, 59,090 pounds.

The total shipments since January 1st, 1916, are now

2,888,662 pounds, or 1,444.3 tons, e
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VALUE OF ONTARIO’S NICKEL
By T. W. Gibson.

of iN“:ke} is the distinctive metal of Ontario. Its property
steeflnpartmg great strength and toughness when alloyed with
188 Was first made known by James Riley, of Glasgow, in
dis(?’ and‘advantage was almost immediately taken of this
& Overy in the manufacture of armor plate for bs..ttleshlps.
ep:uCceSS in this field soon led to its introduction into other
- trtments of war equipment. Other metals there are, such
acu;mgsmn’ vanadium and molybdenum, which form satis-
e Iy alloys with steel, but all of them are rare, and more
D055nswe than nickel. It would seem that no other element
Sbe €sses all the qualifications for the manufacture of
cial steels, intended for military and naval use, in so high
thateg%ree as nickel. It is, therefore, not to be wondered at
ablmdrom the very beginning of the present great war the
e ant supplies of nickel in Ontario were regarded as of
S0 'm: and indeed Imperial importance, since they conferred
AlliesarkEd an advantage on the arms of Britain and her
antiyo doubt Germany had laid up stores of the metal in
exhmllpatxon of the present conflict, but when these were
i Shted there was little chance of replenishing her supply,
eral] €r native sources of nickel and those of Europe gen-
many’ are few, and yield but scantily. Notwithstanding Ger-
expry S need for nickel, it may here be said that the fears
romessct;dt In some quarters that she might obtaln_su]pphes
follndedn ario during the war were, and are, entirely un
usefBut while present conditions bring into prominence the
ulness of nickel for purposes of war, in normal times
strgf“e its properties render it no less serviceable. Wherever
Dick‘e%t-h and lightness are required in steel construction
in th 1s almost indispensable. It has come largely into use
Prop ‘i] manufacture of automobx'leS, bicycles, marine boilers,
rene er-shafts apq other articles where a maximum _of
ing egth and a minimum of weight are desirable. A strik-
acmsxample of its use is in the new Quebec r.:nlway bridge
east‘ the St. Lawrence River. The old bridge was too
een o th?t is to say, it would have been all right had it
ure Possible to get it into place, but the completed struc-
The Succumbed to the strain imposed by its own welgh.t.
admixture of nickel in the steel of the new bridge will
Once add to its strength and, by reducing the weight of
Parts, lessen the strain.
ture OICkel is very.little susceptible to corrosjon, and a mix-
Dropg I alloy of nickel and copper, in practically the same
One]rtmns in which these substances occur in the ore,named
Upon tmetal, has been found very serviceable when called
Which O resist such agencies as sulphuric or other acids,
Useg fQch}(Iy eat away ordinary iron or steel. Many other
metan-or nickel might be mentioned, such as for plating
e Ic objects, making Britannia metal or German silver,
Olnage, etc.
(1) tﬁlere are two kinds of nickel ore found in Ontario:
are oc Dickel-copper ores of the Sudbury district, which
1andit55ent1ally pyrrhotites, carrying chalcopyrite and _pent-
regi()ne’ and (2) the cobalt-nickel arsenides of the _Cobalt
these are described by A. P. Coleman as occurring in con-
Mere; 1150‘"‘765 is of comparatively little importance com-
Tst fﬁy’ though it may be mentioned in passing that the
£ ‘Ce ned nickel produced in Ontario came from the ores
.“obalt. Geologically, the ore bodies of the Sudbury

its

l'eg-

Nect; L
bg;cl?gﬂ with “a single creat sheet of eruptive rock, roughly
Sterp taped, with a blunt bow to the south-west and a square
Sheet 0 the north-east.” Only the upturned edges of the
foung are exposed, and on the outer edge of this sheet are
the ore masses, which are lenticular in character.

the A.ConsiQerable number of mines have been opened since
of ¢ IScoveries were made in 1883, and the ores. thougﬁh
metaﬁ’- same general character, vary somewhat in their
ian éc contents. The great Creighton mine of the Cana-
the mi Opper Company is one of the largest and richest of
Cent “}e&_ It carries about 2 per cent. of copper and 5 per
Cent. °f nickel. The Crean Hill in 1907 averaged 4.84 per
C°Di)e0 copper and 2.35 per cent. of nickel. No. 2, or
taini;ir Cliff, produced more than a million tons of ore, con-
The & 3.55 per cent. nickel and 3.3 per cent. of copper.
2.6¢ °T€ of the Evans mine ran about 3 per cent. nickel and
What Der cent, copper. Frood is an immense body of some-

low-grade ore, running about 2.66 per cent. nickel and’

i : s 4 20g
On, whose chief value is in their silver. The second of .
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1.39 ‘per cent. of copper. The Stobie was also low-grade,
and carried 2.13 per cent. nickel and 1.38 copper. The
Murray, when worked, produced ore containing about 2,28
per cent. of nickel. Victoria, Blezard, Garson, Elsie G.er~
trude, Levack, and numerous other deposits have all con-
tributed to the output of the region. Whistle, Blue Lake
and other deposits on the northern range have not yet begun
production. Diamond drilling, during recent years, has
greatly increased the known reserves of ore; this is true
particularly of the Creighton, Frood, Murray and Levack
mines, where many millions of tons of ore have been proven
to exist.

The nickel-copper industry is expanding rapidly. The
output'of nickel in 1910 was 18,636 tons, and of copper 9,630
tons; in 1914, notwithstanding the outbreak of the war and
the consequent disturbance of the industry, the product
amounted to 22,750 tons of nickel and 14,448 tons of copper.
For the first nine months of 1915 the yield was 24,054 tons
of nickel and 14,057 tons of copper, and, if maintained at
the same rate, the production for the full twelve months will
be not less than 32,000 tons of nickel and 18,750 tons of
copper. Even at the low valuation placed by the companies
on the nickel and copper contents of the matte, the value

. of the nickel output of 1915 will be $6,400,000 and of the

copper $2,600,000, or $9,000,000 in all. At the present price
of the refined metals these figures would be increased to 20
or 25 millions and 7% millions, respectively.

The processes employed in mining and treating the
ores are well known. After being raised to the surface the
ore is crushed and sorted, being afterwards roasted in heaps
in the open air to expel the sulphur. It is then smelted in
a blast furnace to a low-grade matte, which is immediately
converted into a Bessemer matte carrying 75 ori 8o per cent.
of the metals, say, 50 per cent. nickel and 25 per cent. copper
in the case of the Canadian Copper Company, and 40 per
cent. each of nickel and copper in that of the Mond Nickel
Company. The matte is subsequently exported to Constable
Hook, N.J., and Clydach, Wales, respectively, for the final
separation of the metals. The refining process employed by
the Canadian Copper Company produces refined nickel and
blister copper, which undergoes still further treatment before
becoming pure metal, In the Mond Company’s works the
nickel carbonyl method gives pure nickel, while the copper
is recovered as copper sulphate, which is in demand in the
vine-growing countries of Europe as a safeguard against the
phylloxera pest. The two companies mentioned are the only
producers of ore, with the exception of the Alexo Company,
which operates a comparatively small deposit in Dundonald
township, on the Porcupine branch of the Timiskaming and
Northern Ontario Railway. The significance of this ore
body, which much resembles those of Sudbury, consists in
its geographical position, being remote from the better-
known deposits. v

CANADIAN GOVERNMENT RAILWAY
EXPENDITURES.

The Dominion government’s expenditures on railways
to the end of the last fiscal vear was $648,075,427 and on
canals $150,205,770. The revenues from railways and canals
since Confederation were $222,183,757.

The annual report of the department of railways and
canals shows the total expenditure on the National Trans-
continental Railway for construction is $152,802,745.

The total expenditure on the Grand Trunk Pacific moun-
tain section approved and certified up to the end of March,
1015, is given as $87,110,153, while $15,556,482 was spent
on the prairie section up to the end of October, 1907, no
further certificates having been issued for this section.

The total railway expenditure during the fiscal vear to

March 31st, 1015, was $42,747,532, including the outlay on

the Quebec Bridge construction. This total includes $18,-
101,809 on the Intercolonial Railway, $1,168,757 on the
Prince Edward Island Railway, and $10,071,470 on the Na-
tional Transcontinental Railway.

The canal expenditure amounted to $7,314,131. The total
outlay for the vear on railwavs and canals was $50,063,088.
The revenue derived from government railways and canals
was 812,577,120, including $12,140,357 from railways and
$427.763 from canals.

The operation of the Intercolonial Railway for the year
resulted in a profit of $42,065 on total earnings of

811,444,873
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CONCRETE PIPE TUNNEL, N.T.R., QUEBEC.
By C. V. Johnson, A.M. Can. Soc. C.E.,

Chief Engineer to Joseph Gosselin, Engineering
Contractors, Quebec.

times, as to the safety of erecting concrete struc-
tures in freezing weather. It seems to be gen-
erally recognized at the present time that there
is little or no danger in pouring large masses of con-
crete in cold weather, such as is experienced in this
country, provided proper precautions are taken to have
the materials well heated and the work protected from
the cold in so far as existing conditions will permit.

: 1) On the other hand,
NP Y many engineers and

THERE has been considerable discussion, at various

st 2o ooy grchitects look  with
5 4| disapproval on the
e, | practice of pouring

i during the winter
months, and probably
with some reason, as
more care must be
taken, in order to en-
sure a good job, than
is, perhaps, consistent
with many contrac-
tors’ ideas of allow-
able expenditure.

It is not, how-
ever, the intention of
this article to enter
into a discussion of
this question, but
merely to place before
the profession an in-
stance which tends to
show that, with pro-
per care, thin work
may be carried on
with equal safety to
mass work.

The work in ques-
tion is a concrete
pipe tunnel, partly re-
inforced, which was
constructed in the
yard of the Nation-

Fig. 1. al Transcontinental

Typical Sections of Pipe Tunnel. Shops at Quebec. The
concreting of this tun-

nel was commenced on the 2zoth February, 1915, and
carried on almost continuously until the end of April,
during which period the mercury dropped considerably
below zero at various times. No concreting, however,
was done at a lower temperature than 10 deg. above
zero, although on one day, during the construction of
the reinforced top, owing to a very sudden drop in tem-
perature, the mercury had reached 5 deg. below zero
before the concrete was 12 hours old. No ill effects
developed from this as ample precaution was taken, by
means of sacks and planks, to protect the finished work.

|
| thin walls or slabs
|

This tunnel, as shown by the accompanying sections
(Fig. 1), is of thin construction throughout, the walls
at no point exceeding 12 in. in thickness, and the floor
and top being a 6-in. slab, reinforced with 14-in. square

Volume 3o0.

bars, placed 12 in., c. to c., both ways. The total
length is approximately ‘850 feet, and the sections vary
slightly according to the depth required.

The transportation of the concrete to the forms was
accomplished by means of barrows, the longest haul
being about 300 ft. Two 15-yd. Smith mixers were placed
at the most convenient points, together with separate
boilers to supply steam for heating the materials to be
employed. In preparing the site for the reception of
the sand and stone, a line of 1-in. steam piping with
half a dozen branches of varying length and with open
ends, was placed on the ground at each point where it
was intended to pile the sand and stone and the materials
dumped over these pipes. In this way it was only neces-
sary to connect up the mains from the boilers, with the
ends of pipe projecting from the piles, and turn on the
steam, thus ensuring a continuous supply of well-heated

= K ¢ : M

Fig. 2.—General View, Showing 550 ft. of Trench with
Outside Form in Place—(Walls in Background
are Ready for Pouring.)

sand and stone. A branch steam line was also run to
the tank from which the water was supplied to the mixer
and the water kept heated.. Many authorities claim that
it is unnecessary to heat the water if the sand and stoné
are also heated, but at any rate it accomplishes the pur-
pose of doing away with the inconvenience of ice forming
on the tanks and pails, and the small amount of extra
steam required is of no consequence.

Each night, on completion of a portion or. section;
of the top of the tunnel, care was taken to protect the
finished work with a double layer one 1-in. boards an
empty sacks, these being left in place for a period ©
48 hours at least. The walls were protected by filling
the space between the forms and the side of the trench
with snow.

(Continued on page 204.)
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DESIGN OF LATTICE BARS.

The determination of a supposedly indeterminable
formul, naturally always awakens interest among en-
Sineers, Upon consulting the various authorities upon
Structura] steel design, one finds that they all agree
that the only formula obtainable for calculating stresses
I Tattice bars of channel columns are empirical and ap-
ProXimate. The Canadian Engineer has great pleasure
' Presenting this week an article by the city architect of

Oronto, who gives a theoretical formula from which re-
Sults are obtained that agree remarkably well with the
€W tests that have been made.

. Mr. Pearse has decided, after years of work, that
th‘?_ formula is correct and practical. He has not only
. €1ved the formula, but he has also put it upon a work-
'8 basis by compiling a table which will be of great con-
Venience to structural detailers.

Mr. Pearse’s name is not an unfamiliar one to steel
me.n, as he has been the author of a number of valuable
articles, including one published about two years ago on
buc.kling in the webs of beams. In another article ‘he
deriveq the approximate ‘formula for stresses in lattice

'S which has been in most general use during the past
ne years,

The new formula is based upon the idea that if the

SS in the centre of the column be known, and if a curve
€ Plotted that conforms to the shape that the column

ea €s when bending, and if the centre ordinate be made

sg-ual to the stress at the centre of the column, then the
€SS at any other point in the column must be equal to
€ ordinate of the curve at the point taken.

tie It is proven that the curve will be sinusoid.. A prac-
€al demonstration of this is to take a very thin piece of
t ?(od and press upon it at both ends. The strip will then
4Xe the form of a sinusoid. This method might be an

e :
iaSy Way of plotting the curve after the centre ordinate
S known,

Stre.

IF would seem that the formula derived by Mr. Pearse
Istinct advance in the theory of structural engineer-

it i:.and unless disproven in some way, which is unlikely,

buyj . undoubtedly be used hereafter in the design of all
Uilt-up colymps.

is o

ICE CONDITIONS IN HUDSON BAY AND STRAIT.

ch ACcording to the report of F. Anderson, officer in
arge of the Hudson Bay survey, the entrance to Hudson
"It is blocked more or less from the last week in
Cu(:_"ember to the first week in January, d.ue to thfa Arctic
alorent carrying great masses of field ice and icebergs
" "8 the east shore of Baffin Land, across the entrance
frothe strait. The Acadia was held up off Cape Chidley
from July 19th to 3oth by ice packs. On the 31st a gale
co;:_? € northwest opened out the pack and 1mpr_oved
ro 'tions. It would have been possible for the ship to
aCEed through the strait and enter Hudson Bay at this
resge Without any more difficulty or damage than would
ult from remaining in this locality, but as considerable
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work was to be done in the vicinity of the Button Islands,
the ship remained.

In attempting to make the Buttons, it was found that
the passage to the anchorage was completely cut off by
ice and the ship was caught in heavy tide rips and hem-
med in; thus it was clearly demonstrated that ships trying
to make the strait should give the Buttons a wide berth.

On the north side of the entrance, however, about
Resolution Island, the tidal currents were found just as
strong, but the ice appeared to be much lighter.

After doing some survey work on the north side of
the entrance, a course was laid for the Button Islands,
which were reached with little difficulty. Considerable
exploration work was done in the strait and the ship
proceeded to Port Nelson, which was reached September
13th. After making surveys in the bay, the ship cleared
Port Nelson on October 8th. On the 14th she was held
up by an ice pack which, however, opened out next morn-
ing when the tide changed. Although the Acadia was
able to get through this ice without injury, it would have
been quite difficult for an ordinary freighter to have
done so.

It will be seen from the above abstract of Mr.
Anderson’s report that he has not made any derogatory
statements as to the navigability of the strait, such as he
is alleged to have made by certain prejudiced persons who
have abstracted isolated paragraphs from his report which
are at variance with his deliberately expressed opinion in
a previous supplement issued before leaving on his last
trip to Hudson Bay. Mr. Anderson then stated that ‘‘the
period during which properly constructed vessels could
enter Hudson Strait with comparative safety may be taken
from July r5th to November 15th, with a slight extension
at either end, according to the season,’”’ which statement
was made from observations based on his years of ex-
perience and not on this one trip. It is hardly likely Mr.
Anderson would allow the ‘difficulties of one season to
change his deliberately expressed opinion.

LETTER TO THE EDITOR.

Oil Tar Creosotes,

Sir,—I have noted with interest the editorial com-
ment in your issue of December 3oth, 1915, with reference
to oil tar and coal tar creosotes. Apart from the discus-
sion of the relative value of these products for various
uses in the preservative treatment of wood, the following'
information regarding methods of analysis and dis-
tinguishing tests may be of interest to engineers, in-
spectors and chemists who are responsible for the inter-
pretation and enforcement of specifications covering the
purchase of creosoté or creosoted material.

There are certain fairly constant differences in the
composition of these products which serve as a basis for
distinction by means of chemical and physical tests as
indicated below. Typical coal tar creosote is composed
almost entirely of the aromatic series, including a pro-
portion of tar acids—phenols and cresols. Typical water
gas tar, which is the most important of commercial oil
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tars, contains a proportion of undecomposed paraffin oils
and is lacking in tar acids.

Fractional distillation of coal tar creosote and water
gas tar oil may give very similar results, but it is generally
possible to identify the origin of such oils by a closer ex-
amination of the composition and physical properties of
the various fractions so obtained. Differences in specific
gravity and refractive index are the most reliable of the
distinguishing physical characteristics. Fractions dis-
tilled from coal tar creosote have higher specific gravity
than fractions of water gas tar oil distilled between the
same temperature limits, and similarly the indices of re-
fraction of the former are higher than those of the latter
fractions. The melting point of the higher boiling frac-
tions—those distilled above 320° C.—is also of value as
a means of distinguishing between the two products. Oil
tar fractions distilled above 320° C. are liquid at 60° C.
while corresponding coal tar fractions are rarely liquid at
this temperature. Other characteristic physical properties
which may serve as a supplement to the more definite tests
noted above are the odor and color of the oil fractions.
Water gas tar has a particularly disagreeable char-
acteristic odor which can generally be recognized.

The detection of paraffin oils by sulphonation test is
probably the most conclusive chemical test for the dis-
tinction between coal tar and oil tar products. Hydro-
carbons of-the aromatic series are converted into soluble
sulphonic acids by treatment with concentrated sulphuric
acid, and the undissolved residue—paraffin oils—deter-
mined by separation. This test is usually made on the
fraction distilling between 305° C. and 320° C. A positive
result, i.e., a residue of undissolved oils, indicates oil tar
origin. The determination of tar acids by hot alkaline ex-
traction is also of value in identifying a creosote sample.
Deficiency in compounds of these series indicates that the
oil is an oil tar product. However, this test is, perhaps,
not so conclusive as the sulphonation test.

The distinguishing tests above described apply to typi-
cal commercial oils, but it should be remembered that low
coking temperatures, as in certain types of bituminous
gas producers or where bituminous coal is used as a blast
furnace fuel, yield tars from which creosotes may be dis-
tilled which will be very similar to water gas tar oil. Coal
tars of this class are, however, of very limited production
in America. It must also be noted that the certain detec-
tion of oil tar in mixture with coal tar creosote is not
always possible, and in cases where the results of fore-
going tests suggest the presence of oil tar products, it
may be necessary to investigate the history of the sample
for conclusive information.

Detailed methods for the laboratory examination of
commercial creosotes are outlined in ‘‘Preservation of
Structural Timber,” H. F. Weiss (McGraw-Hill Book
Co.), or in publications of the United States Forest Service
as noted below. Complete laboratory examination in-
cludes determination of specific gravity of the whole
sample, fractional distillation, determination of specific
gravities and refractive indices of the fractions distilling
between 235° C. and 305° C., sulphonation test of fraction
obtained between 305° C. and 320° C., and determination
of tar acids and water.

In the following quotations, all temperatures refer to
Centigrade scale. :

*Specific gravity of the whole oil.—The perfectly liquefied
oil is poured into a hydrometer cylinder, and, at a temperature
of 60° the specific gravity is read with hydrometer
standardized against water at 60°. :

*Fractional distillation.—The Hempel distilling flask of
resistance glass is employed. The empty flask is tared, 250

Volume 3o.

grams of melted, well-shaken oil introduced, the platinum-wire
plug and the glass beads put in place, and a second weight
taken. The thermometer is then inserted in the flask, so that
the first emergent reading is 200°., The flask is supported on
an asbestos board with a slightly irregular opening of very
nearly the largest diameter of the flask. A condensing
tube is employed and the fractions are collected in
tared flasks. The distillation is run at the rate of I
drop per second, and fractions collected between the follow-
ing temperatures: Up to 170°, 170°-205°; 205°-225°, 225°-235°%,
235°-245°, 245%-255°, 255°-285°, 285°-205°, 205°-305°, 305°-320°%
and if feasible 320°-360°,

The character of the fractions and their weights are
recorded and the results plotted as a curve, in which the
ordinates are percentages by weight and the abscissae tem-
peratures. When the distillation has reached the 225° point,
an asbestos-board box should be placed around the distilling
flask, to cover the bulb, but leave the Hempel column ex-
posed. Drafts upon the distilling apparatus must be avoided.

*Index of Refraction.—The indices of refraction of the dif-
ferent fractions between 235° and 305° are determined at 60°
in a refractometer with light compensation. The results are
plotted with temperatures as abscissae and indices of refrac-
tion as ordinates.

*Specific Gravity.—The specific gravities of the fractions
between 235° and 305° are determined by means of specific-

" gravity bottles. These bottles are filled at 60° and the weights

referred to water at the same temperature. The results are
plotted as a curve, in which the ordinates are specific gravities
at 60° and the abscissae temperatures.

*Tar Acids.—Fifty cubic centimeters of the creosote under
analysis are measured at 60° into a small distilling flask by a
pipette. The oil is distilled as completely as possible with-
out breaking the distilling bulb, and the distillate is caught 1n
a short-stemmed, 100 cubic centimeter separating funnel. At
the end of the distillation 25 cubic centimeters of boiling hot
15 per cent. sodium hydroxide is added to the distillate and
the mixture thoroughly shaken. The alkaline extract is then
drawn off into a 100 cubic centimeter shaking cylinder and 25
cubic centimeters more of hot sodium hydroxide added. After
extracting with this second portion for five minutes, with
frequent shaking, the solutions are allowed to separate an
the alkaline extract added to the first portion in the cylinder-
A third extraction is made with 15 cubic centimeters of alkali.
The total alkaline extract is cooled, acidified with sulphuric
acid, thoroughly shaken, brought to 60°, and the volume of
supernatant oil read off.

*Water.—After weighing the first two fractions of &
fractional distillation they are united in a small separa-
tory funnel, and any water which is present is separated from
the oil and its amount accurately determined. If particular
accuracy is required in the estimation of the water it may be
done by the Marcusson xylol distillation method.

tSulphonation Test.—Ten cubic centimeters of the fraction
of creosote to be tested are measured into a Babcock milk bottle-
To this is added 40 cubic centimeters of 37 times normal acid,
1o cubic centimeters at a time. The bottle with its contents
is shaken for two minutes after each addition of 10 cubiC
centimeters of acid. After all the acid has been added the
bottle is kept at a constant temperature of from 08° to 100° C.
for one hour, during which time it is shaken vigorously every
Io minutes. At the end of an hour the bottle is removed,
cooled, and filled to the top of the graduation with ordinary
sulphuric acid, and then whirled for five minutes in a Bab-
cock separator. The unsulphonated residue-is then read o
from the graduations. The reading multiplied by 2 gives per
cent. by volume directly. (Each graduation equals one two-
hundredths of a cubic centimeter. )

*United States Forest Service Circular 112, “The Analysjs and Grading
of Creosote,” A. L. Dean and Ernest Bateman. Also reproduced in United
States Forest Service Circular 206, ‘‘Commercial Creosotes,” Carlile P-
Winslow; and in ‘“Preservation of Structural Timber,” H. F. Weiss (M¢-
Graw Hill Book Co.)

tUnited States Forest Service Circular 191, “Modification of the Sulphon:
ation Test for Creosote,” E. Bateman. Also reproduced in “Preservation 0
Structural Timber,” H. F. Weiss.

JOHN S. BATES, Cuem.E., Pu.D.,

Superintendént, Forest Products Laboratories of Canada,
Forestry Branch, Dept. of the Interior, Canada.

Montreal, February gth, 1916.
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BOOK REVIEWS.,

Mechanicﬂl Technology. By Prof. G. F. Charnock,
" M.I.C.E., M.LM.E. "Published by Constable &
Company, London. 635 pages; 503 illustrations;
6x9 ins.; cloth. Price, $2.00, (Reviewed by A.
J.  MacDougall, mechanical engineer, Toronto
Power Co.)

CESSTehI-S book deals principally with the mech.anical pro-

S In refining and preparing metals for use in the arts.

ﬂotetc}f{emical and thermochemical changes, however, are

Proda en up. The book is divided into three parts: the

prOCu‘?thn and px:opertles of materials of construction, the

ing esses depending on fusion, and the processes depend-
on ductility.

he beginning of the first part is given up to the

ggg’:‘cﬂ properties of materials—tenacity, elasticity, hard-
» toughness, malleability and ductility.
The here is an error at the beginning of this chapter.
rEatStatemEH't is made on page 4 that water has the
Spec'f?t Spemﬁq_ heat of any known substance. The
' heat of liquid hydrogen is six times and of gaseous
fogen 3.4 times that of water.
frox:,n- Chapte}' 3 there is described the sme!ting of ‘iron
the hlts ores in blast furnaces. The accessories are given
air 2t blast stoves, blowing engines, hoisting skips and
Chag?S mains. The properties of pig iron are s'Eated in
ions €r 4. Then follow in order, with plans and 1llu§tra-
classi’ﬁto _Chapter 10, the production of wrought iron,
cruCiblcatlon of steel, the manufacture of steel by the
Erm'e’ the Bessemer, the open-hearth, and the electro-
- I¢ processes.
.he author then takes up in a scientific manner a sub-
0 which there have been great advances in the last
i gizears~alldys and the heat treatment of steel. Creqit
Cover €N to the !ate Sir W. C._Roberts A.usten for the dis-
al‘iol): of physical changes in formation of alloys at
deVelos temperatures and the practical heat treatments
of regefi therefrom._ Non-ferrqus mc.stals and the methods
Metale ning are ‘briefly described in Chapter 13. The
Mt descrlbefl are copper, tin, zinc, 'lead,' aluminum,
4 Dy and nickel. Their alloys are given in Chapters
pertiés and 16. In Chapters 17 and 18 are given the pro-
3pt: and uses of timber and building stones. These
reat "BS }ie§cr1be timbers and building stones 1n use in
Copgs.. OTitain and therefore lack in value for Canadian
ndltlons' Y
thei’fhe aUthqr describes in Chapter 19 oils .and lubricants,
as npr°Pert1es and specifications for various uses. He
€glected to give any statement about the effect of an

Ject
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‘Any book reviewed in these columns may be obtained through the Book Department of _E_
The Canadian Engineer, 62 Church Street, Toronto. =
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emulsifying oil and a test of the oil for emulsification.
Leather, rubber and cotton and their use as belting
with methods of manufacture are given in Chapter 2o.

Part I1., comprising Chapters 21 to 30, takes up the
moulding of fused metals. Starting with advice as to
design and form of patterns to avoid defects in castings,
the author proceeds to describe methods of moulding and
then gives advice as to the foundry and its equipment,
devotes a chapter to steel casting, and finishes this part
of the book with defects in castings and machine
moulding.

In Part III., Chapter 30 to the end of the book, there
are taken up forging and working metals, ductile, plastic,
and malleable, at ordinary or high temperatures. After
describing the tools and machines required in forge and
smithy the author gives in Chapter 30 a classification of
operations in forging, and illustrates with examples, and
then devotes a chapter to each to describe manufacturing
processes, utilizing the ductility of metals. The processes
are drop forging, wire drawing, flanging, coining, the
rolling mill, and the manufacture of tubes.

All the machines and processes in this book are well
described, and the book is valuable to the foundry man
and to the smith, to those who have to do with fused or
forged metals. But the book might be even more valu-
able. One would like to know the following about a
machine to make any product: the general design of the
machine, the process to make the product, the cost of
the machine, the power, and the labor required to operate
the machine. The cost, power, and labor are neglected
in this book and the book lacks in value to that extent.

American Sewerage Practice, Vol. 3—Disposal of Sewage.
By Leonard Metcalf and Harrison P. Eddy. Pub-
lished by McGraw-Hill Book Co., New York City.
First edition, 1915. 851 pages; 230 illustrations;
205 tables; 6xg ins. ; cloth. Price, $6.00. ‘

This is the third and final volume of an exhaustive
treatment of the subject of sewerage practice. Reviews
of the previously published volumes, 1 and 2, relating re-
spectively to the design and construction of sewers, have
already appeared in these pages. As in the previous in-
stances, the book under consideration is non-technical in
nature, but deals in a comprehensive way with sewage
and the changes which it undergoes when subjected to
different conditions. The book is undoubtedly intended
primarily for engineers connected with the design and
operation of sewage disposal plants, but it will be found
of great value by civil engineering students, sewerage
boards, public health officers and corporation lawyers.

The first six chapters have to do with sewage itself.
The progressive steps in sewage treatment are reviewed
in Chap. 1. Significance of chemical analyses is con-
sidered in Chap. 2; bacteria and their relation to the
problem of sewage disposal, Chap. 3; microscopic or-
ganisms, Chap. 4; composition of sewage, Chap. 5;
theories of sewage disposal and treatment, Chap. 6.

The remaining fourteen chapters deal with subjects of
particular interest to designing engineers and operators
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of disposal plants, an idea of the scope of this portion of
the work being obtained from the chapter headings which
are as follows: Sewage Disposal by Dilution ; Grit Cham-
bers; Racks, Cages and Screens; Sedimentation, Strain-
ing and Aeration ; Tanks for Sludge Digestion ; Chemical
Precipitation; Sludge; Contact Beds; Trickling Filters;
Intermittent Sand Filtration; Irrigation and the Agri-
cultural Utilization of Sewage and Sludge ; Automatic Ap-
paratus for Dosing; Disinfection of Sewage and Sewage
Effluents; and Disposal of Residential and Institutional
Sewage.

Although the title confines the scope of the book to
sewerage practice on this side of the Atlantic, the authors
have provided a great deal of useful and important infor-
mation from European engineers as well. The book is
quite up-to-date in its information. In fact, the authors
lay claim to extensive revision and rewriting with this aim
in view. The duty of the engineer with respect to sewage
and sewerage work is clearly indicated to involve the care-
ful safeguarding of public health. Wise limits of expendi-
ture are advised, this being accomplished most effectually
by insisting that each undertaking shall be considered
upon its own conditions and that the trained specialist in
this branch of engineering shall be the judge of the sig-
nificance and applicability of experience gained with
sewage disposal works elsewhere. The danger of failure
resulting from copying plans is pointed out.

In addition to finding the book to be one of great
practical value for the subject matter contained therein,
the reader will note its completeness in the matter of the
selection and arrangement of illustrations. These com-
prise views of works and of apparatus. The line drawings
of plant arrangements, etc., conform, as do the other
physical features of the work, with those in the previous
volumes. Taken altogether, the engineer will not readily
find a more complete compendium of information regard-
ing sewerage practice in America than the three volumes
which the above authors have presented.

PUBLICATIONS RECEIVED.

Heat Transmission Through Boiler Tubes.—Tech-
nical paper No. 114, U.S. Bureau of Mines ; 35 pages.

Ontario Bureau of Mines.—Twenty-fourth annual re-
port, containing 74 pages of information on the Porcupine
gold area. Illustrated and containing maps.

Tide Tables for Nelson, Hudson Bay.—An 8-page
- pamphlet - containing tidal data for Hudson Strait and
James Bay. Issued by the Tidal and Current Survey,
Department of Local Service, Ottawa.

University of Illinois.—Bulletin No. 83 of the en-
gineering experiment station, dealing with magnetic and
and other properties of iron-silicon alloys melted in vacuo.
Seventy pages, illustrated. Price, 35 cents.

Shot Firing in Coal Mines by Electricity Controlled
from Outside.—Technical paper No. 108, issued by the
U.S. Bureau of Mines; giving a description of systems in
use and suggesting certain improvements; 36 pages.

Mine Ventilation Stoppings.—Bulletin No. 99 U.S.
Bureau of Mines. A 3o0-page illustrated pamphlet very
completely describing the types of mine stoppings in use
in Illinois, giving costs of erecting and maintaining.

Water Power Branch.—Annual report, Part 8, 1914,
of the-superintendent of water powers. Three hundred
pages, profusely illustrated, and with numerous maps
inset, - Published by the Department of the Interior,
Ottawa.

Volume 3o0.

Copper Deposits in Quebec.—A 2go-page illustrated
report of the Department of Colonization, Mines and
Fisheries, Quebec, prepared by J. A. Bancroft and relat-
ing to the copper deposits in the eastern townships of the
province.

Motors.—A paper on the single-phase, squirrel-cage
motor with large starting-torque and phase compensation
By W. A. Fynn, Consulting Engineer, Wagner Electric
Manufacturing Co. Reprinted from the proceedings of
the A.l.E.E.

Hazards in Handling Gasoline.—Technical paper pre-
pared by Geo. A. Burrell, of U.S. Department of Mines,
outlining relation of properties of gasoline and vapor 10
inflammability and presenting directions for extinguishing
burning fluids.

Gasoline Mine Locomotives.—Bulletin No. 74, U.S
Bureau of Mines. A pamphilet describing the use of gaso-
line locomotives in mines and methods of diluting the
noxious gases, from the standpoint of safety and health-
Eighty-three pages, illustrated.

Production of Metals in Canada, 1914.—Advanced
chapter of annual report on mineral production of Canada,
1914, issued by Mines Branch, Department of Mines:
Relates to 1914 production of copper, gold, lead, nickel,
silver, zinc and other metals.

Mexpet Record.—A 16-page illustrated publication
describing the oil fields of the company in Mexico and _the
various uses to which the oil may be put. Also containing
a diagram showing the comparative costs of coal and fuel *
oil. Published by the Mexican Petroleum Corporation, 52
Broadway, New York.

Discovery of Phosphate of Lime in the Rocky Moun-
tains.—A 36-page illustrated Commission of Conservation
report, prepared by Frank D. Adams, D.S.C., and W-
J. Dick, M.S.C., relating to the geology of these phos-
phate deposits and illustrated by maps, diagrams an
microphotographs.

Petroleum and Its Products.—Bulletin No. g of the
Kansas City Testing Laboratory. A 20-page pamphlet
summarizing the production and uses of petroleum, an
containing tables and other useful information for bqth
the refiner and consumer. Issued by the Kansas City
Testing Laboratory, 1013 Grand Avenue, Kansas City»
Missouri. Price, 25 cents.

CATALOGUES RECEIVED.

Johns-Manville Products.—An 8o-page illustrated
catalogue describing the varied products of this company-
The H. W. Johns-Manville Co., Limited, Toronto.

Bosch & Lomb Optical Instruments.—This is an i
teresting catalogue of 36 pages, describing various optica
applications for the microscopic examination and testing
of materials.

The Cement-Gun on the Elephant Butte Dam.—Re-
print of article by E. H. Baldwin, assistant chief of con”
struction in U.S. Reclammation Service, Denver, Col., o7
waterproofing the upstream face of the Elephant Butt€
Dam, New Mexico, by use of the Cement-Gun. Issué
gratuitously by The Cement-Gun Co., Inc., 30 Church
Street, New York.

Tiffin Flushers.—This is a twelve-page pamphlet con”
taining illustrated descriptions of the Tiffin flushers, show"
ing their new models of 1,000, 1,200, 1,400 and 1,5%
gallons capacity. It gives specifications of the flushers
and also some data concerning the sprinkler portion O°
them and should be of great interest to all those who have
to do with the maintenance of roads and pavements.
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S
d ,Winnipeg, Man.—A commission to inquire into

falnage questions has been practically promised by the

Provincial government.
i Kingston, Ont.—The Utilitics Commission has offered
to Supply the Street Railway Company with power for
®R years at 1.2 cents a kw. hour.
v Vancouver, B.C.—It is expected that the new Kettle
alley route over the Hope Mountains will be ready for
"affic when the C.P.R. puts the summer schedule into
effect on June 1st.
Rai New Westminster, B.C.—The Canadian Northern
Ailway hag recently acquired that section of the old
nain line of the Great Northern Railway between Fraser
'Ver bridge and Port Kells.
ictoria, B.C.—Alluding to certain criticisms of the
Purchage of the Sooke watershed, Mr. Rust maintains
At the city will derive sufficient revenue from the sale
€ timber to more than cover the cost. :
oronto, Ont.—At the annual convention of the
io Hydro-Electric Railways Association a resolu-
% Was passed calling upon the government to restrict
POrtation of power to the United States.
tri Ga_lt, Ont.—The new Lake Erie and Nprthem Elec-
tOCBRHIIWay has commenced operating its line from Galt
fo rantford. The Port Dover line is complete except
T the overhead construction, which is under way.
W Montreal, Que.—The Bell Telephone Company last
t?ek Successfully opened the Montreal-to-Vancouver
“ephone Jine, This line is said to be the longest ear-
far circuit in the world, extending for 4,227 miles.
Toronto, Ont.—The Toronto, Barrie and Orillia
B ay h:'cls applied to the government to be a‘llowed to
Con::eed with the construction of its propo§eq line. The
Pany has already spent $55,000 on preliminary work.
wait.calgal‘y, Alta.—City Engineer Craig is in favor of
o Mg results of the activated sludge experiments be-
'® building a new sewage disposal system, which as
y Present proposed, would cost in the neighborhood of
400 000

(?Iltar
t10n

phiuwiﬂnipeg, Man. — According to Sup.erintt.:nd'ent
'Ps, over $19,000,000 has been expended in bringing
Te Cectric railway system up to its present standard.
ye.; Number of passengers carried during the last three
S averages 50,000,000. : )
wil] ttawa, Ont.—Hon. J.- D:! Hazen estimates that it
"‘-nccos‘t Pprobably $9,000,000 more to give the St. Law-
ensy. SHip channel a width of a thousand feet and a
;Jth at low tide of 35 ft. from Montreal to Quebec. He
S that the work will take five years.
the Windsm-’ Ont.—At a meeting of repres_entatives of
the EVe border municipalities here it was decided to for‘m
Sewn>¢X Utilities Commission to construct and mantain
er, Water, light and power systems at Windsor,
Bl S.idwich, Ford and Ojibway:
Sent B.e tlin, Ont.— At a conference of municipal repre-
ragi. 1Ves Sir Adam Beck outlined a scheme for a hydro-
Alline from Elmira through Berlin to Galt and thence
nj amilton and St. Catharines, with branch lines run-
t0 Guelph, Hespeler and Puslinch Lake.
tio imoﬂou- Que.—Wilork has started on the construc-
im, ?f'the cattle market for the Quebec Abattoir Co. at
Ollou.  Work will be done by day labor under the
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superintendence of Jos. Gosselin, General Contractor.
Estimated cost, $35,000. H. Laberge, Architect.

Toronto, Ont.—The Toronto Suburban Railway has
asked the York County Council for an extension of
franchise to enable the company to connect the present
Dundas line with the Georgetown branch at a point near
the present terminus of the Dundas line at Lambton.

Calgary, Alta.—Superintendent Breen, of the water-
works department, informed the city commissioners that
the matter of water services freezing up was becoming
very serious. The cost of thawing out services during
this winter will likely be in the neighborhood of $50,000.

Loretteville, Que.—The grading of the St. Charles
and Huron River Railway, a branch of the C.N.R., from
Loretteville to Stoneham, Province of Quebec, has now
been completed. Track will be laid in the spring and
the road opened for traffic on June 15th. Jos. Gosselin,
(General Contractor for grading. C. A. Newton, Resident
Engineer.

St. Catharines, Ont.—The Niagara, St. Catharines
and Toronto Railway have asked parliament to extend
the time allotted for finishing its railway from Fort Erie
to Niagara-on-the-Lake; from St. Catharines to Ham-
ilton and Toronto, and from Port Colborne to Fort Erie,
but is partly to allow the Niagara, St. Catharines and
Toronto Railway time to purchase the Michigan Central
line from Fort Erie to Niagara-on-the-Lake.

St. Catharines, Ont.—Although the construction of
Sections 1 and 2 on the Welland Ship Canal are behind
on the schedule for their completion in the spring of
1917, Chief Engineer Weller states that now construc-
tion work is in full swing they are gaining on their
schedule and will be ready for opening as intended. He
states, however, that it is practically impossible for
Section No. 3 to be completed before the spring of 1918,
owing to the large amount of concrete to be placed. He
recommends that contracts be let for Sections 4 and 8
as soon as possible,

Edmonton, Alta.—During 1915 three hundred and
twenty-six miles of new railway were constructed in the
province. With the exception of 22 miles built by the
C.P.R!, the entire mileage was constructed with the aid
of government guarantees. The new mileage is credited
to the various lines, as follows: Canadian Pacific Railway,
22 miles; Canadian Northern Railway, 59 miles; E., D.
& B.C., 97 miles; A.&G. W., 100 miles; Central Canada
Railway, 48 miles.

Hamilton, Ont.—There will shortly be a mass meet-
ing of representatives of local municipalities to discuss
the hydro radial schemes. There is talk of a branch line
from the main radial between Toronto and London with
a junction at Port Credit. There is a likelihood of efforts
being made to purchase the electric line between Hamilton
and Oakville of the Dominion Power and Transmission
Co. From Hamilton the radial will proceed to St.
Catharines and thence to the Niagara River. It is also
planned to build a line from Hamilton to Guelph.

Berlin, Ont.—To a large gathering of municipal re-
presentatives Sir Adam Beck recently outlined a proposi-
tion whereby existing branches of the G.T.R. and C.P.R.
may be used to better advantage and serve as feeders for
the main lines in this"section of the province. Whereas
it will be impossible to construct hydro-radial branch lines
parallel to branches already in operation of steam rail-
ways, it will be possible to have these branches electrified
and to secure running rights over them. Sir Adam in-
stanced the G.T.R. branch from Berlin to Galt and from
Berlin to Elmira as well adapted for such use.
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Winnipeg, Man.—Concerning the disturbance which
has arisen as a result of charges made by Mr. M. T.
Cantell against the engineers of the Greater Winnipeg
- Water District, it is interesting to note that the Manitoba
Branch of the Canadian Society of Civil Engineers adopted
the following resolution at its recent meeting: ‘‘Whereas
certain articles have appeared in the Winnipeg public
press from time to time criticizing the engineers of the
Greater Winnipeg Water District, resolved that it be re-
corded that the Manitoba Branch of the Canadian Society
of Civil Engineers regrets that such criticism has been
made, and repudiates any responsibility for the same, and
that further, the secretary be instructed to so inform the
various newspapers of Winnipeg.”’

Toronto, Ont.—It was announced by Premier Hearst
last week that the provincial government, having before
it the general details of the proposed Niagara development
of the Hydro-Electric Power Commission, will submit
legislation authorizing such development. It is estimated
that within the next few years the Commission will require
an additional 100,000 h.p. If the expenditure is favorably
considered by the government, the Commission will
probably proceed with the installation of several large
units, probably 50,000 h.p. each, and by the time these are
in operation another set of similar capacity will likely be
necessary. The engineers of the Commission have in view
the ultimate development of 600,000 h.p. at the site pro-
posed. This large development will probably comprise
two plants of equal size, each of which will consist of
about six units of the extraordinarily large capacity men-
tioned above.

PERSONAL.

J. H. MEAD has been appointed president of the
Spanish River Pulp and Paper Co.

W. G. TRETHEWEY has been appointed resident
engineer of West Dome Consolidated.

A. ]J. CARROLL has been appointed district man-
ager of Eugene F. Phillips Electrical Works, Limited,
with office in Montreal.

E. W. DuVAL, until recently superintendent of
Saskatoon District, C.P.R., is at present acting general
superintendent of Saskatchewan Division.

W. E. CORMAN is at present superintendent for
the Excelsior Electric Co., Toronto, on the manufacture
of tools and machinery for munitions, having temporarily
left the employ of C. H. and P. H. Mitchell.

W. R. SMITH, general manager of the E.D. and
B.C. Railway, recently addressed the members of the
Board of Trade in Edmonton on ‘‘The Development of
our Northern Hinterland and What it Means to
Edmonton.”

Lieut.-Col. WILLIAM H. DAVIS. of the firm of
Davis and Lubin, Vancouver, and formerly city engineer
of Berlin, Ont., and later of Prince Rupert, B.C., who
is in command of the 2nd Pioneer Battalion, which has
been in England several months, is seriously ill in the
hospital as a result of a fall from his horse. Col. Davis
is a member of the Canadian Society of Civil Engineers
and a graduate of R.M.C., Kingston.

F. C. GAMBLE, Chief Engineer of Railways for
the British Columbia Government, and Past-President of
the Canadian Society of Civil Engineers, was entertained
by the Edmonton Branch of the Society at a dinner given
in his honor in the Macdonald Hotel on the gth instant.
Mr. Gamble has been in the city during the past few
days enroute to Victoria, B.C., from Montreal, where
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he has been attending the Annual Meeting of the Society:
About twenty members of the Society resident in Ed=
monton were present at the dinner.

OBITUARY.

E. B. JONES, at one time city engineer of Chat:
ham, Ont., and an authority on hydraulic and electrica
engineering, died recently at Erie, Pa.

CONCRETE PIPE TUNNEL, N.T.R., QUEBEC.
(Continued from page 288.)

In the spring, when the forms were removed, the
structure was found to be in first-class condition, an
to date no defects whatever have appeared, though the
tunnel underwent a rather severe test during the coursé
of the past summer by having work trains run over i
at various points.

The concrete’ specified and made in this work was
a 1:2:4 mixture throughout. A small amount of dis®
placers were used, though these were necessarily limite
in quantity and of small volume, owing to the smal
space between the forms. During the construction ©
that part of the tunnel not reinforced a small amount
of salt was also used, though only on exceptionally col
days. The amount of crushed stone, from 34 in. 0
1% in., used was 0.8 cu. yd. for each cu. yd. of finished
concrete. The cement amounted to 1.2 bbls. per cu. y¢
of finished concrete. Lumber for forms figured to 6o ft:
B.M. to the cu. yd. concrete.

The accompanying illustration, from a photo take?
by Mr. H. E. Balfour, assistant engineer in charge ©
construction for the N.T.R., gives a general view of about
550 feet of the trench with the outside form in place.
the extreme lower end the inner form is also in place ap
ready for pouring the walls. The photograph was take?
from the top of a 200-foot chimney. )

The contractor for this work was Joseph Gosseli®
of Quebec and Levis, General Contractor for the N.T.R:
Shops.

COMING MEETINGS.

AMERICAN ROAD BUILDERS’ ASSOCIATION.—
Thirteenth Annual Convention to be held at Pittsburgh
Pa., February 28th to March 3rd. E.L. Powers secretarys
150 Nassau Street, New York, N.Y.

CANADIAN MINING INSTITUTE.—Eighteel‘lth
annual meeting to be held at the Chateau Laurier, Ottaw#
March 1, 2 and 3. Secretary, H. Mortimer-Lamb, Rit#
Carlton Hotel, Montreal.

THIRD CANADIAN AND INTERNATIONAL

GOOD ROADS CONGRESS AND EXHIBITION to b

held at Sohmer Park, Montreal, March 6, 7, 8, g and 1%
1916. General Secretary, Geo. A. McNamee, New Birk®
Building, Montreal.

At the annual meeting of the Kingston Branch oj
the Canadian Society of Civil Engineers it was decid®
to discontinue the meetings of the branch for the Pr¢
sent, owing to the fact that so many members are ©
active service. The chairman of the branch, Maf°
Wilgar, is O.C. 8th Field Co., Can. Engineers, 2%
Mayor Gill, the secretary, O.C. the Queen’s Battery '
England. |




