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CANADIAN S(jCIETY OF CIVIL ENGINEERS

THIRTY-FIRST ANNUAL MEETING TO BE. HELD AT MONTREAL NEXT
TUESDAY, WEDNESDAY AND THURSDAY—SUMMARY OF ACTIVITIES
FOR PAST YEAR AND BUSINESS TO BE CONSIDERED NEXT WEEK.

Empire, determined to do their duty in avenging
devastated Belgium, and proud of the part their
profession has played in the war, the civil en-

gineers of Canada will assemble in annual gathering at
ontreal next week for the third time during the struggle,
and for the thirty-first time in the history of the Canadian
‘Society of Civil Engineers. The meeting will be held in

CONFIDENT in the future of Canada and the

Lieut.-Col. John Stoughton Dennis
President-FElect.

the Society’s building, 176 Mansfield Street, Montreal,
and it is expected that several hundred engineers will
e there.

The first session will open at 10 a.m., Tuesday,
Jarluary 23rd, with the reading of minutes and the ap-
Pointment of scrutineers. The reports of council, library
COmmittee, treasurer and finance committee will be re-
Ceived, After hearing the reports of branches, the meet-
g will adjourn at 1 p.m. for two hours. :

In the afternoon session, the reports of the following
SOmmittees will be discussed: Conservation, Roads and

avements, International Electro-technical Commission,
teel Bridge Specifications, Educational Requirements,

Sewage Disposal and Sanitation, General Clauses, and
Steam Boiler Specifications.

At 7 p.m. an informal dinner, complimentary to
visiting members, will be given in the University Club,
followed at 8.30' p.m. by an entertainment and smoker
in the auditorium of the Society’s building. :

Inspection trips to various points of interest (in-
cluding the munitions plants of the Dominion Bridge and

George Herrick Duggan

Retiring President.

subsidiary or allied companies) will be enjoyed Wednes-
day morning, and in the afternoon the members will con-
tinue to receive reports of committees and to act thereon.
At 4.30 p.m. the retiring president will deliver an address.
At ten o’clock Thursday morning the members will
meet to elect officers and councillors. The newly-elected
president will take the chair, after which various new
and unfinished business will be discussed, completing the
annual meeting. In the afternoon there will be a session
of the new council. :
By courtesy of the Eastern Ganadian Passengers’
Association, members and their families who have paid a
full one-way first-class fare going to the meeting, will be!
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CURVES SHOWING GROWTH OF THE CANADIAN SOCIETY OF CIVIL ENGINEERS.
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returned free on presentation of a standard convention
certificate signed by the ticket agent from whom the one-
way ticket was procured. This . is regardless of the
number in attendance at the meeting.

The Retiring President—This annual meeting will
mark the retirement from the presidency of GEORGE
HERRICK DUGGAN, vice-president and general man-
ager of the Dominion Bridge Co., Montreal. Mr. Dug-
gan was elected to associate membership in the Society
in 1888, and two years later qualified as member. He is
a member of the Institution of Civil Engineers of Great
Britain, the American Society of Civil Engineers, and
the Canadian Mining Institute. He was vice-president
of the Canadian Society of Civil Engineers in 1900, 1901,
1903 and 1908, and also served as councillor for the
years 1894, 1896, 1898, 1899, 1904, 1907, 1912, 1QI3
and 1914.

Mr. Duggan is an enthusiastic sailor and was one of
the founders of the Toronto Yacht and Royal St. Lawrence
Yacht Clubs. He designed and sailed the winner of the
Seawanhaka International Cup and successfully defended
that prize from 1896 until 1gor.

He was born in Toronto September 6th, 1862, the
only son of the Jate John Duggan, Q.C., and Amelia
(Tulloh) Duggan. He was educated at Upper Canada
College, Toronto, and at S.P.S., Toronto University. . He
began his engineering career with the C.P.R., but in 1886
entered the employ of the Dominion Bridge Co., becoming
chief engineer in 1891. In 1go2 he became assistant to
the president of the Dominion Iron & Steel Co. and in
1904 was appointed second vice-president and general
manager of the Dominion Coal Co., but six years later
he rejoined the Dominion Bridge Co. as general manager.

He is vice-president of the Montreal Ammunition Co.,
president of the Dominion Copper Products Co., director
of the Royal Bank of Canada, director of the Montreal
Trust Co., director of the Hillcrest Collieries, and chief
engineer of the St. Lawrence Bridge Co., having entire
charge, jointly with Mr. Phelps Johnson, of the New
Quebec Bridge superstructure. |

Among the clubs of which Mr. Duggan is a member
are the Mount Royal, St. James, University, Engineers,
and Forest and Stream, of Montreal; Royal Canadian
Yacht, of Toronto ; Royal Cape Breton Vacht, of Sydney;
Royal St. Lawrence Yacht, and Garrison, of Quebec.

In a recent article, speaking of Mr. Duggan, the
Toronto Globe said: ‘‘He carries as much sporting blood
in him as can safely be carried by a man who must temper
sport with business.’”’ About the same time the Canadian
Century remarked: ‘‘Mr. Duggan is a big man, who,
whether building bridges, managing the affairs of a huge
coal mining company or designing and sailing small
boats, is equally at home.”’ ;

Early in the war both of Mr. Duggan’s sons enlisted,
one of them, Lieut. H. S. Duggan, R.E., being killed in
action October 21st, 1915. Unfortunately a recent
casualty list reported that the other son, Lieut. K. L.
Duggan, of the Mounted Rifles, had been wounded.

The President-Elect.—Mr. Duggan will be succeeded
as president by 'Lieut.-Col JOHN STOUGHTON
DENNIS, C.E., D.L.S., D.T.S., assistant to the presi-
dent of the Canadian Pacific Railway Co. Lieut.-Col.
Dennis joined the Society November 21st, 1go1, as a
member and was a vice-president for the year 1go7 and
a councillor for the years 1906 and 1911. He is a past
president of the American Society of Irrigation Engineers.

Lieut.-Col. Dennis was born at Toronto in 1856. His
father was the late Lieut.-Col. John Stoughton Dennis,
C.M.G., who was the first surveyor-general of Canada
and subsequently the first Deputy Minister of the Interior.
Dennis, Jr., was educated at the Toronto and Kingston
Grammar Schools and Upper Canada College.
graduated from the old military school at Kingston before
the creation of the Royal Military College.

He served his articles as a Dominion land surveyor
with the late Lindsay Russell, assistant surveyor-general,
and was graduated and commissioned as a Dominion
topographical surveyor in 1877,

ment in Manitoba and the Northwest Territories. From
1879 to 1882 he was engineer and surveyor for the Hud-
son’s Bay Co., and during that time he organized the
Land Department of that company and laid out what is
now the southern portion of the city of Winnipeg, con-
structing the first trunk sewer system in that part of
the city. '

In 1882 he resigned from the Hudson’s Bay Co. and
organized the firm of Dennis, Vaughan & Co., consulting
engineers, Winnipeg, but three years later he rejoined the
service of the Dominion Government as inspector of sur-

{

He also

From 1872 to 1879 he:
was employed on survey work for the Dominion Govern=’
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Power Co., Montreal; R. A. Ross, consulting engineer,
Montreal ; Julian C. SmitX, chief engineer, Shawinigan
Water & Power Co., Montreal.

veys, becoming chief inspector in 1892. I.“ ‘$96 he
entered the service of the Northwest Territorial Govern-
‘ment as chief engineer, and in 1899 became Deputy

Minister of Public Works, N.W.T.
At the age of forty-six he first joined the service of
the Canadian Pacific Railway Co. as superinte.ndt‘nt of
il‘I'igation and chief engineer of the large projects
then being carried out by the company in ‘Alberta.
Subsequently he was appointed C.P.R. Land
Commissioner for British Columbia, and in 1904
became assistant to the second vice-president

at Calgary.

In 1910 his appointment was announced
4s manager of the C.P.R. irrigation and_ land
Interests in Alberta, and a few years later he
Was appointed western assistant to the presi-
dent. About. November 1, 1916, Lieut.-Col.
Dennis was promoted to the position of assist-
ant to the president of the C.P.R. at Mont-
real, and it is expected that he will

ave special charge of many
aron  Shaughnessy’s interests

during the latter’s attendance

at the House of Lords in Eng-
land.
. As can be assumed from
his title, Lieut.-Col. Dennis has
ad considerable experience in
Car_lada’s militia. He served as
4 lieutenant in the Governor-
eneral’s Foot Guards at Ot-
tawa for a short period after
leaving military school, and in
1885 he sommanded, with rank
of  captain, the Intelligence
cout Corps attached to General
Iddleton’s Column during the
el Rebellion, being mentioned
N dispatches for service at the
attle of Betoche. He was
transferred to the reserve of
'oﬂi?ers with brevet rank of
Major, and last year was gazett-
€d lieutenant-colonel command-
'Ng the Calgary battalion of the
feserve militia. 4
Nominees for Vice-Presi-
dent.— Ty, vice-presidents are
!0 be elected this year, and one
Of them must be resident in
istrict No. 1. The nominations
are: G. R. G. Conway, bond-
h?lders’ representative, Mexican
1ght and Power Co., Mexico
C,‘tY; J. M. R. Fairbaitn, as-
Sstant chief engineer, Canadian
acific Railway, Montreal; ]J.
+ Legrand, bridge .engineer,
G.T.P.  Railway, Winnipeg; C.
N. Monsarrat, chairman, Que-
bec Bridge Commission, Mont-

District No. 2—Horace Longley, of Norton-Griffith

Prof. Clement Henry McLeod, Ma.E.
Secretary, Can.Soc.C.E.

Quarter Century of Service

URING the year 1916, Prot. C. H. Mc-
D Leod celebrated the twenty-fifth anni-
versary of his appointment as secretary
of the Society. When he took office in 1891—
in the fifth year of the Society’s existence—
the total membership was only about 700.
Prof. McLeod is one of the most widely:
known ‘men in Society affairs. He has
given a great deal of time, thought and
energy to the work—energy which undou}at-
edly would have been more remunerative
had it been turned to more utilitarian pur-
poses.  Despite the time occupied by
Society affairs, however, Prof. McLeod has
succeeded in scientific vyork, and is now
vice-dean of the engineering faculty at Mc-
Gill University. He is a Fellow of the
Royal Society of Canada and a life member
of the Roval Astronomical Society. Recog-
nized as an authority upon astronomy, sur-
veying and geodesy, many of his writings
are used as texts in advanced courses.

& Co., St. John; C. M. Odell, resident engineer, Dominion
Coal Co., Glace Bay, N.S.

District No. 3—A. R. Decary, superintending en-
gineer of the Province of Quebec, Public Works
of Canada, Quebec; S. S. Oliver, consulting

engineer, Quebec.

District No. 4—]John Murphy, electrical
engineer,
Canals, Ottawa; James White, assistant
to chairman, Commission of Conservation,
Ottawa.

| District No. 5—G. A. McCarthy, rail-
/ way and bridge engineer, Works Depart-
" ment, Toronto; E. W. Oliver, assistant to
chief engineer, Canadian Northern Railway,
Toronto.

District No. 6—A. T. Fraser, district
engineer, Canadian Northern Raiway,
Edmonton; Wm. Pearce, assistant to
executive, Department of Natural
Resources, Canadian Pacific Rail-

Department of Railways and

way, Calgary.

District No..7—R. F. Hay-
ward, chief engineer, Western
Canada Power Co , Vancouver ;
J. H. Kennedy, assistant chief
engineer, V.V. and E. Railway,
Vancouver.

Extracts from Report of
Council.—Elections during the
year resulted in the following
additions to the roll: 18 mem-
bers, 69 associate members, 2
associates, 23 juniors and 34
students. One former associate
member and one former junior
were reinstated.

The following transfers
were made: 23 associate mem-
bers to the class of member,
18 juniors and 18 students to
the class of associate member,
and 27 students to the class of
junior.

There have been removed
from the rolls by resignation or
on account of non-payment of
dues, 10 members, 44 associate
members, 3 associates, g juniors
and 72 students. These resig-
nations were due either to the
fact that those concerned had
ceased active engineering work
or were, owing to lack of em-
ployment, unable to pay the
annual dues.

Thirty-nine deaths were reported during the year,
including 21 who gave their lives in the defence of the
Empire. Of 14 deaths among associate members, 10 were
due to wounds at the front.

At present the membership is 3,047, a decrease of
29 as compared with last year. The corporate member-
ship showed an increase of 41, and there was an increase

™al. The nominees who are resident in District No. 1
are Messrs. Fairbairn and Monsarrat.

The Council.—The nominees for council are as fol-
lows (two members are elected in District No. 1 and one
Member from each of the other districts) :—

District No. 1—]J. Duchastel, city engineer, Outre-
Mont: F. H. Pitcher, chief engineer, Montreal Water &



of 19 among the juniors. The falling off in student:mem-
bership—88—more than offset the other increases, how-
ever. This falling off was due considerably to transfers
to higher grades of membership.

. Meetings.—The council held twenty-nine meetings
during the year. There were nine sectional meetings, six
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‘“The Law and the Engineer,”” by Geo. H. Mont-
gomery, K.C. “

Description of a series of photographs from - the
western battle front, by Paul A. N. Seurot.

‘“The Aqueduct for the Greater Winnipeg Water Dis-
trict,”” by W. G. Chace, M. V. Sauer and D. L. McLean.

Over Twenty-Two Percent. of ithe Total Membership of the
Canadian Society of Civil Engineers Has Enlisted

monthly meetings, and one special meeting of the society.
The following papers and addresses were presented at
these meetings:—

““Construction of the Rogers Pass Tunnel,”” by J. G.
Sullivan.

in Bayonet Fighting,”” by
Capt. P. E. Nobbs. X ,
““The Design of Passenger Terminals,” by J. L.
Busfield. :
. “Electrical Precipitation of Solids from Gases,”’ by

Linn Bradley.

‘‘Some Phases of Railway Work at the Front,”’ by
Lieut. Paul Ogilvy.
‘‘Experiences as a Machine Gun Officer at the
Front,”’ by Capt. Jas. G. Ross.
‘“‘Bombing in the Front

“Th.e Me tih(?d Eln- gﬂulmmwmmﬂmllIlilllllllIIII||I||II|IIIIIIIIII|IIIIl||l|||lllllllllllllllllllllIlllIlllllllllllllllllllllll||IIllIIlIIlIIlllllmllIlllllllllllllllIlllIIlllIllIlIl“llIllI“lE IJine TrenCheS’” by Cap‘t'
ployed in Designing the g g G Babbin
Foundation of the Federal g : “
Rniy = ’ o o o i The Water Supply of
Palace, Mexico,” by S. J. 1 Canada’s Civil Engineers . | e ciy of Port Arthor.
Fortin. . E % by L. M. Jones.
In.terestmg Features g Ra“y tO the F lag s “The High Tension
of Reinforced Concrete E Transmission Line Tow-
Buildings in and around SOCIETY MEMBERS ENLISTED, C.E.F. §  ers,” by L. R. Thomson
" v | y . LPREA .
Montreal,”’ by C. M. Mors- g St g e
it Mon.b embers . s 61 g I’vaatlon Wiork at the
: ““Manufacture of Brass A:::Cizl;i AR ; (7) g Front,” by Lieut. E.
Cartridge Cases in Can- LT & 9 : Laur‘lle._ j :
ada,”” by H. H. Vaughan. Titions BC et e e 13?5 = ”Fllaltratxon Experi-
‘‘Economic and Strate- SR N 4 | ence, : y H G. Hunter.
gic- Aapegtsiof Enlargetnentd - § o 08 L BT ST ST g Dlscussx<?n on the Pro-
of Welland Canal and of 0 B 678 posed  Specifications  for
Construction of Georgian % g Highway Bridges.
Bay Ship Canal,”” by Col. SOCIETY MEMBERS KILLED IN ACTION § Committees.— Follow-
R. W. Leonard. ° OR DIED OF WOUNDS. - E ing have been the com-
“The Rules and. Regu- Membara: i s 4 = mittees of council during
lations of the I?rovxnce. of Associate Members .. 14 = the year:—
British Columbia relating = ’ 0 VO S S L 9 g Library and House (S.
to Annual Rentzﬂ Fees of £ Stadentsiit S Al gL 6 £ P. Brown, chairman), Fi-
Water Powers,” by E. é Total i £ nanc;e (R. A. Ross, chair-
Davis. R o g e B S s man), Meetings (W. ]J.
“The Latest Advances %ﬂmmm gt mmm% Francis, chairman), Board

Kay, chairman), Gzowski

Medal and Students’ Prizes (Phelps Johnson, chair-
man). :

The Nominating Committee for officers for the year

1917 were Ernest Brown (chairman); Phelps Johnson, .

Eighteen Corporate Members and Fifteen Juniors and Students
Have Made The Supreme Sacrifice

«The Rolling and Floating Steel Caissons of the
Levis Dry Dock,”’ by L. R. Thomson.
«The Difficulties of Earth Slides in the Culebra Cut,
anal,”’ by John Murphy.
Pani{nl?es?:ription o}f, (J)riginal Diagrams for Making Mili-
tary Scales,” for interpolation oi:' contours and reduction
and enlargement of maps, by Lieut.-Col. F. A. Snyder.

M. J. Butler, C.M.G., and F. C. Gamble (past presi-
dents); G. G. Murdoch, A. Tremblay, G. A. Mountain,
A. F. Macallum, J. Chalmers and E. A. Cleveland.

The other committees at work during the year were
as follows :—

Educational Requirements (E. Marceau, chairman)

(Continued on page 58.)

of Examiners (H. M. Mac-.
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POINTS OF INTEREST IN CONNECTION WITH
SOME CONCRETE BUILDINGS RECENTLY
ERECTED IN AND AROUND MONTREAL.*

By C. M. Morssen, M.Can.Soc.C.E.

OME of the buildings are interesting by the'}r size
and exterior finish, some by their size and time of
the year at which they were erected, and o‘:chers are
interesting from an engineering point of view, pré-
senting complicated problems in the design of domes,
arches, cantilevers, winding stairs, towers, etc.

The Orphanage.—In 1912 an orphanage building was
erected in St. Laurent for the Order of the Rev. Grey
Nuns. The building is about 250 feet long, and five
Stories high (basement and four stories). The - whole
Structure is of concrete.

The exterior walls are 8 ins. thick, and are lined with
hollow terra cotta to the interior. The foundation walls
are of plain concrete, but the footings for walls and
columns are of reinforced concrete. A- large amount
(about 15%) of clean one-man stones were embedded in
the foundation walls, which are 20 ins. thick, and although
the building is three years old,.the foundation walls do
not show any cracks. It is the writer’s opinior that the
lack of cracks is due to the free and careful use of large
stones. A great number of concrete buildings where
large stones were not permitted, show expansion cracks,
especially in'the foundation walls.

The basement walls and first floor of the orphanage
were built in November, December and January, 191I-
The reinforced concrete floor (about 20,000 5q- ft.) was
finished in freezing weather. The work was stopped a_nd
resumed in May, 1912. In the spring, the concrete (4-1n.
floor) was rather soft on the surface, but in about three
weeks the floor became very hard and tough. As soon
as the warm weather set in, the floor was freely sprinkled
with water twice daily. When the concrete Was laid no
Special precautions were taken, with the exception of mak-
Ing sure that the sand: and stone did not contain frozen
particles. The concrete was- allowed to freeze, and no
coverings were provided. The floor proved a perfect
Success. il

The skeleton of this building, starting from the base-
ment floor, is of steel. All columns and beams ar€ fire-
proofed with stone concrete.

As the exterior walls are of concrete, the question of
the exterior finish had to be decided upon. Several studies
Were made under the direction of the architect, Mr. A.
Piche, and finally a small rough-cast finish was decided
This finish was made in the following way : The
Surface of the concrete was thoroughly cleaned, picked
and washed. Immediately after the washing a thin layer
of cement mortar (1:2) was applied and troweled to an
even surface, and before the mortar had time to set it was
picked rough with a special wooden brush. When com-
pleted, the outside finish was composed of small particles
of mortar well troweled into a clean and rough concrete
surface. The result is very satisfactory indeed, and the
benefit of the adhesion of a well-applied mortar is obtained.
After three Canadian winters not one square inch of the
7,000 sq. yds. of exterior finish scaled off, and the ap-
pearance is also very pleasant and uniform. The same
method has been equally successful on other buildings.

! As mentioned, several tests were made before a de-
cision regarding the finish was reached, and a cement gun

*Abstract of paper presented to the Canadian Society of

Civil Engineers.

THE CANADIAN ENGINEER 49

12 IIIIIIIIIIlllllll“llIlIllllllIIIIlIlllII||I|IIllIIllIIIlIlIllIlllllll“IlIlllHllll!l(lmI|llllllllllllllllllll||ll|IIIlllmllllllIIlIIIIIIlll'llllllllllmlmllllllll|llllﬁlllm Tt

CHARTER MEMBERS
Can. Soc. C. E.

SIR JOHN KENNEDY

Consulting Engineer, Montreal.

HUGH DAVID LUMSDEN
Consulting Engineer, Orillia, Ont.

HENRY SKEFFINGTON POOLE
Spreyton, Guildford, Surrey, Eng.

BRIG.-GEN. HENRY N. RUTTAN

Consulting Engineer, Winnipeg.

SIR COLLINGWOOD SCHREIBER °

[

Consulting Engineer to the Dominion Government.

PERCIVAL W. ST. GEORGE

s
%
g
g Consulting Engineer, Montreal.
:
&

" HERBERT WALLIS

Consulting Engineer, Montreal.

2
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was also experimented with. The finish obtained with
the cement gun was good in appearance, but the method
had to be abandoned because of the very expensive
scaffolding which would have been required to cover the
whole building with gunite.

The ordinary way of obtaining a rough-cast was also
investigated, and it was ascertained that the throwing of
mortar pebbles against the wall gives an appreciable per-
centage of waste, and the recoil weakens the adhesion
between the mortar and the concrete wall.

The Old Folks’ Home.—The Old Folks’ Home, built
for the same Order, is of still larger proportions, being
400 feet long, and having an area of 40,000 sq. ft. per
floor. This building is all of reinforced concrete. The
outside walls are g ins. thick, and the floors are mostly
made of tile and concrete. The work on the foundation
was started in October, 1913, and finished in February,
1914.

The floor is made of 8-in. tile with concrete beams at
16-in. centre to centre, the whole being covered with 2
ins. of concrete.

(Continued on page 71.)
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Membership, Can. Soc. C. E.

T

1914. 1915. 1916.

Honorary members ...... 10 8 8
Members . ............. 674 693 709
Associate members ...... 1,372 1,409 1,434
Ass?ciates AR e ! 36 34 33
Junfors: . oo idessbaidvi v 352 357 376
Stndentaued .ot 615 575 487
Tothlisyaiaagand i Ox 3,059 3,076 3,047
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ANALYSIS OF CHICAGO
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BY-LAW FOR FLAT SLABS

RECENT TESTS CONDUCTED IN TORONTO BY THE CITY ARCHITECT’S DEPART- {
MENT AND PROF. PETER GILLESPIE SHOW THAT THE CHICAGO CODE FOR l
FOUR-WAY TYPE OF CONSTRUCTION IS UNDOUBTEDLY CONSERVATIVE.

By WILLIAM WORTH PEARSE, C.E.,
City Architect and Superintendent of Building, Toronto.

T the time of approving the plans for several large
buildings based on the Chicago code for flat slab
four-way type of construction, the writer made an
analysis of the Chicago by-law which may interest

Canadian Engineer readers.

' By an examination of this analysis it will be noted
that apparently the Chicago code is based on the theory
of a beam of uniform section rigidly fixed at both ends.
The negative bending moment for the full width of the

panel over the supports would then be — ; and the

positive bending moment for the full width of the panel

7

Assuming there were two continuous beams of
width L running at right angles to each other, each!
carrying one-half the total live and dead loads, ]
the individual moment over the support . being

W L i WL '
s , and at the centre a positive moment of —?4? .
ABN X ¢ W L
I'his can readily be proved by adding together
WL :

30
‘ 3 ; W L
the Chicago code, which sum equals —*2;-, and also by

and

, the moments for the 14 panel strips called for in

) W L
midway between the supports, adding together the centre positive moments % and
W L ¢ W L
r —— , which sum equals . The
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to find anything throwing any light upon how the Chicago
code was derived, and 1 am therefore not in a position
to say whether my method is the same as was used by
- the Chicago experts in drafting their by-law, but at any:
' rate the results check, and my method is more or less
. based along theoretical lines.
. In Table No. t I have endeavored to furnish informa-
i tion that may be useful for the architect or the engineer

in desioning this type of construction according to the
gning YP

Chicago code. The dimensions given are those I believe
o he the most economical. I have assumed that the con-
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| ing NoTE.—The strips are for design purpose \(I)nly. The re- ig.. No.
orcement is arranged as shown in Figure V. ¥ /,'7
; | s e s
Fig. No. 1. o, — 3 | 2 | W_a—-l 5.
iy R 7

1 (t:’ete is stressed up to 700 lbs. per square inch and.that Sectron T --Z.
' ahe steel is stressed up to 18,000 lbs. per square mﬁh’ Fig. No. 3
nd dye to the very satisfactory tests this department has ;- A
‘ 5 M = 112 bt’ when S = 18,000 C 27008
- %nducted, I am prepared to allow these stresses in the o, g e

Uture for this method of design. This table may be M = {?j:;i/“:’/g :f‘osrt“;’]‘t in inch-Ibs.
?Sed for what is known as the four-way system/ The i : £ ¥

. Wo.way system will probably require the table to be considenably modified.
Chicago By-law for Flat Slabs.—This discussion refers to what is known as

| the four-way type of construction. ;
. W = total panel load (live and dead) = wL’ for square panel.
L = span in feet. 2
B = width of direct band = l‘— D = width of centre band = et
2 :
Referring to Fig. No. 1 it will be noticed that the bending moment for the
Side strips half-way between the column centres 18y Mb: = ewpe (resisted by one

|

|

|

Ry L T LT A S )
|

Bending moment for the centre strip half-way between the column centres is
WL, s,
M < e (resisted by one diagonal band) - - 3 Bt W(ll'_),)
, Bending moment for the side strips over the column cap is Mt = —: prs
\‘ (resisted by one direct and one diagonal band) - ) ATENT o ()
< I/I}?';‘nding moment for the centre strip along the column centres is Ms =
ol .
g (resisted by top rods) - - - - - - 5 ()
i For wall panels, the moments are as follows when slab is supported by wall
Umns, (Moments increased approxim ately by 20%)—
My.w = resisted by one direct band “ = 3 - (€)
Maw = WL cesisted by one diagonal band = ¢ & 3 ()

100
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) W L resistéed by one diagonal band and

Myw = — ——— i
24 one direct band = 5 =r\e)
Wik = N

Ms.w = — resisted by top rods - - (h)
00

For wall panels, the moments are as follows, when
slab is supported on brick walls. (Moments increased ap-
proximately by 50%):—

My.w = resisted by one direct band - ()
Ma.w = H;OL resisted by one diagonal band - (j)
Mow — WL resisted by one diagonal band and

ki o 20 oOne direct band - - o - (k)
Ms.w = L resisted by top rods s - (1)

For rectangular panels, when the sides do not vary
in length more than 50%, the average length may be taken
and panels figured as square.

Fig. No. 6.

For the four-way system of reinforcement the amount
of steel found for the positive moment of each strip D by
designing in this manner shall be that used in the diagonal
band. For the positive moment in each strip B, the re-
quired amount of steel in the cross-band shall be obtained
by multiplying the steel used in the design of the assumed
square panel by the cube of the ratio found by dividing
the length or breadth of the rectangular panel by the side
of the assumed square panel, for the long and short sides

of the panel, respectively. The compressive stresses shall .

be calculated on the basis of a width equal to one-half of
the side of the assumed square panel, and on the assump-
tions used in the calculations of compressive stress in
square panels. In no case shall the amount of steel in
the short side be less than two-thirds of that required for
the long side. "

Analysis of Chicago By-law for Flat Slabs.—This
discussion refers to what is known as the four-way type
of construction.

Referring to Fig. No. 2 and assuming the slab to be
cut along ¥ — v and ¥/ — y/, making a continuous beam
of width L, and to be rigidly fixed at each end, of uniform
section and loaded with a uniformly distributed load of
w Ibs. per square foot (this includes live and dead load)
then W = wl’

ENGINEER Volume 32.

Let M7 = bending moment in foot-lbs. at point of
support for entire width of slab. =
Mc = bending moment in foot-lbs. at centre of
panel for entire width of slab.

de
(SR et RS SR T
12 ;
and Mc = -+ o R z x (2!
24

It is evident that the same conditions exist if the platé
is cut along x/ — x/ and x —x and the ends rigidly fixed.
s 3)

'{herefore, equation (1) becomes M7 = —

axis ' — x! and x — x,

and equation (2) becomes Mc = -+

48
axis x/ — x/, '
Let L span c. to c. of columns in feet.
B width of side strips in feet. |
D width of centre panel in feet. }
w total panel load (live and dead) = wL?® for

square panel.
Referring to Fig. No. 2, it is evident that the centré
panel D will have a tendency to sag down in the centre,
and any section taken through the centre would be bent

into a parabola or the centre part would be approximately
a parabolic surface of revolution.

If the centre circular part is assumed to be taken out |
and the bending moment is found (see Fig. 4) we get the
following :—

Let w = load per square unit (live and dead) and |

w! = load per lineal unit of circumference. ‘

rw
Then w! == & %

: AR ey
Then the differential moment of one strip d.x. would |
be d (m) = (yw y? dx 4 5 6

) 5 Sk
A 2 '

T T |

. . . . ‘
Substituting for dc and y in terms of x, equatio? |
(6) reduces to l

d (m) = —‘:ﬁ x* dx 5 = - - () [
and'~——Md iyt 3t i e ') g id !
2 & 2 6 |
wr’® = ol
or Md = B = bending moment across axis t
R = e Lol (o
But #i'= ._2’
2
Therefore, Md = ol - 2 & z = 0 [
24
Referring to Fig. No. 5, and the conditions showns ‘
then '
BY=ara L - - - o (10)
I oS8O - S e
i e S ST § BRNA R - (ad]
10

Substitute value found

4 in equation (12) for D* if
equation (9), then

3
7 O wL X 3 _»_.(13)
120
But W = wl? substitute in equation (13)
M G R BT T
120
The bendin

J 'g moment given in ;(iuatlon (14) is r€
sisted by one diagonal band, and it is the same as give?
by the Chicago by-law. (See equation ‘‘b*’.)
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By referring to equation (4) it will be noticed ”tha}t
the total bending moment across axis xll — x" 18

Mc = + WL, and it was just found by equation (14)
that the bending moment for the. centre panel is
- RN g
120 o X
WL
Therefore Mb = Mc — Md = K ek =+ 736—‘(15)

or Mb = +

panels and is resisted by one side panel B. Th’x’s is the
same as the Chicago by-law. (See equation S L)
Referring to equation (3)- s
WL
My = —
24
= load per square foot.
— load per unit length of line of contraflexure.
— load per unit length of line of column cap-
— bending moment across axis X T %,

Fig. 6.) :

Fig. 6 shows the approximate line of con:raflexure
around column centre. It is not a circle but most authori-
ties assume it to be so.

. The approximate bending moment may b€
across axis ¥ — x as follows, and is what is given
Mt. See equation (c).

If a differential strip is assumed of a width of dx,

— bending moment in side

Let w
2
q

Mt (See

be found
for

v
thendm:pdcy+'wydx-%——-qu'v——'w'vdx—; (16)

Substituting the following values and then in-
tegrating,
y <L ‘\/ Rz s x!
a8 R dx
¥
e dlul rdx
v
Then

R R R.

Mt kT e e x* dx — qr

T:PR[ dx+ % R [ 2 .

r ¥ ¥ 7

f dx_ﬁ’—rz/ dx + EJ—/- x* dx -.(17)

2 2
. ° J o '
w W

& = pR* i e I8 —%R' —gr' — —E-r’ + —6—1’3 (18)
2 B 2 : ;

Substituting following values in equation (18) -
wl® — w7 R

27 R
wl? — w7
s 2n7Y
L
RGeS
4
L .
s approximately.

Then equation (18) becomes

or Mt = 28.5 wL’ - o = - (19)
but W = wL’

then Mt = 28.5 W L, resisted by one diagonal band and

one straight band - - - - NG (20)
Referring to equation (c) it will be noticed that the

] Chicago code gives Mt as ——30—-, which is very nearly
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the same as is given by equation (20). -

W L
But Mr = —

24
width of the slab along column centres, and taking

— total moment for the full

v e
Mt = — L then Ms = Mr — M1,
30
| WL WL WL
Therefore, Ms = — = — (21)
24 30 120

Ms is resisted by short rods at top of concrete slab.
This is verified by Trelease in his experiments on a
rubber slab as he found that
W L

Ms = Md which was found to be
120

See

equation (14.) -

Shearing Stresses Allowed by the Chicago Code.—
The allowable unit punching shear on the perimeter of the
column capital shall be three-fiftieths (3/50) of the ulti-
mate compressive strength of the concrete, as given in
section 546 of the building ordinance. The allowable unit
shear on the perimeter of the drop panel shall be three-
one-hundredths (3/100) of the ultimate compressive
strength of the concrete. In computing shearing stress
for the purpose of determining the resistance tor diagonal
tension the method specified by the ordinance shall be

used.
¢ Ultimate compressive
Mixture strength per sq. in.

I cement, 1 sand, 2 broken stone, gravel or slag 2,900
1 cement, 1% sand, 3 broken stone, gravel or slag 2,400
1 cement, 2  sand, 4 broken stone, gravel or slag 2,000
1 cement, 214 sand, 5 broken stone, gravel or slag 1,750
1 cement, 3 sand, 7 broken stone, gravel or slag 1,500

MOUNT ROYAL TUNNEL COMPLETED.

Official announcement was made last week by the
Canadian Northern Railway that the Mount Royal tunnel
is now practically completed, and that a large gang of
men are at work in laying the permanent trackage
through the tunnel.

Sir Donald Mann is now considering the tenders that
have been received for the temporary terminal, costing
about $150,000, which will be erected at the corner of
Lagauchetiere and St. Monique Streets. Contract will
be let almost immediately for the removal of 240,000 cu.
yds. from this site, and of this amount 140,000 cu. yds.
will be taken through the tunnel as fill for the company’s
vards at Cartierville.

It was stated by C.N.R. officials last week that
regular trains would be running into Montreal by next
June. The lighting of the tunnel will be considered later
on. Two 8o-ton electric locomotives are new in use in
the t.unnel and four more will be purchased for the regular
service.

TORONTO ENGINEERS’ CLUB NIGHT.

“Club Night”’ was observed last evening by the
members of the-Engineers’ Club of Toronto. Informal
dinner was served at 7 p.m. to a representative gathering,
many members having been attracted by the announce-
ment of a talk on the organization and operation of To-
ronto’s works department by R. C. Harris, commis-
sioner of works. : : ’
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A GRAPHIC METHOD OF DETERMINING CENTRE
OF GRAVITY AND MOMENT OF INERTIA.

By H. B. Wrigley.

g I \HE centre of gravity and moment of inertia are

properties well known for common sections of
beams, shafts, etc., but for other sections, as rails,
automobile axles, machine frames, crane-hooks,
etc., where the outline is such that the integration in the
expressions for centre of gravity and moment of inertia is
dxfﬁcult., the following graphic method will be found
convenient, ,
Let it be required to locate an axis passing through
the centre of gravity of the rail shown in the figure.
Draw axes 1—1 and 2—2 at a convenient distance h
apart, paralle] to the required axis.
; Draw any line as 3—3 parallel to 2—2 and project the
points b—b on 2—2; from .0 and through the inter-
sections on 2—2 draw straight lines intersecting 3—3 at

X

Lol — ]

Te o)

==
w

Grav'd}l Axis

U :

)

- b/—b’; continue this process by determining other points
b/—b’ and connect them to produce a transformed section.

(a) The statical moment, M, of a plane surface with
respect to an axis in the plane is equal to the sum of the
products of the elementary areas and their distance from
the axis considered, or, it is the product of the area of
the plane surface and the distance of its centre of gravity
from the axis.

Measure the area of the original section and let A
denote this area; also let d be the distance from 1—1 to
the gravity axis; then by definition M = Ad. Measure
_the area of the transformed section b'.....b" and let 4, de-
note this area; then, M, for the original section = h4,,

ha, : p
therefore d = P which will now be proved.

Let e denote the distance from axis O—Y to b;
e/ the distance from axis O—Y to b/;
ew an elementary area;
S the distance of ew from axis 1—1.

|

Volume 32.
It wi ; e e/ b _¢eh
t will be noticed that PRl T8 ence e =g £
By definition (a) M =ew:S ........ + ew-S
- = hielw .. .in., + elw)
= h4,
hA,
but M = Ad, therefore d = g

To determine the moment of inertia of the section
with respect to its gravity axis. :

Project the points b’—b’ on 2—2 ; from O and through
the intersections on 2—2 draw straight lines intersecting
3—3 at b’—b" and through these points construct a
second transformed section.

(b) The moment of inertia I of a plane surface with
respect to any axis as 1—I is the sum /of the products
obtained by multiplying the area of each element of the
surface by the square of its distance from the axis.

() The moment of inertia I of a plane surface with
respect to any axis as 1—1 is equal to the moment of
inertia I with respect to a parallel axis passing through
the centre of gravity of the surface plus the product of
the area of the surface by the square of the distance be-
tween the axes; then I = Iz + Ad"

Measure the area of the transformed section b”.....b"
and let 4. denote this area, then for the original section
I = h* A., therefore Iz = h® A, — Ad?, the required
moment of inertia. '

Let e’ denote the distance from axis O—VY to b'.

I A e/ e’ he!
It will be noticed that—}: g and el = SR also that
2,0
e =£as before; hence S* = s
h e
By definition (b) I = ew:S*..vn.n..n + ew:S*
=h'(e"w ..coov... + ellw)
= h’ A’

ROAD MAP OF ONTARIO IS BEING MADE.

A road map of Old Ontario, that portion of the

province south of a line drawn from Renfrew to the apex
of the Bruce peninsula, is in course of preparation. When
completed it will show all roads together with the location
of waterways, railroads, cities, towns, villages and post
offices.
fenced and unfenced roads indicated by distinguishing
signs.
inch, and when completed it will measure approximately
10 by 20 feet. A map of reduced scale will be issued for
general use.

AMERICAN ROAD BUILDERS’ ASSOCIATION.

The fourteenth annual convention of the American
Road Builders’ Association will be held in Mechanics’
Building, Huntington Avenue, Boston, Mass., February
s5th to oth, 1917. It has been the custom for six years
to hold the convention of the American Road Builders’
Association as the American Good Roads Congress. The
object of this is to bring together individuals of all classes

interested in roads and streets, not only from a technical

and scientific standpoint, but from a civic point of view
as well.  The programme for the convention and congress
1s now in course of preparation. The secretary is E. L.
Powers, 150 Nassau Street, New York.

'Improved roads will be shown in colors and

The scale of the original map is two miles to the .
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PORTAGE AVENUE IMPROVEMENT, EDMONTON

DESCRIPTION COVERING THREE YEARS’ ‘“WORK ON A

WESTERN THOROUGHFARE

__CONSTRUCTION METHODS.

By C. C. SUTHERLAND, B.A.Sc., A.M.Can.Soc.C.E,,

Roadways Engineer, Edmonton.
'

improvement of Portage Avenue for the Hudson’s

Bay Company. This is a notable thoroughfare

and a general description covering the three
years’ work on it will be of interest to readers of The
Canadian Engineer.

At the time that property known as the Hudson’s
Bay Reserve was thrown open for sale, the company
promised the purchaser that certain improvements, such
as grading, paving, plank walk construction, sewer and
water, and the extension of electric light and telephone,
would be undertaken. The company then entered into an
agreement with the city whereby these utilities would be
extended at the company’s expense, in lieu of the cor-
poration extending its street railway along Portage
Avenue.

Portage Avenue is one of the two diagonal roads
cutting the reserve. Commencing in the down-town dis-
trict it leads in a northwesterly direction out towards the

D URING 1916 the city of Edmonton completed the

\

About midway along the avenue at the point where
Kingsway Avenue intersects Portage Avenue, a large
area, known as Strathcona Square, was left for road and
park purposes. In this district, with a tendency for the
growth of the city to the northwest, it was thought that
this intersection might well become a very busy one and
for that reason the first consideration was given to traffic
facilities, to see that all intersecting streets were carried
through without obstruction, and that pedestrian traffic
was given protection. Fig. 2 shows the adopted design,
but at present only that portion covered by Portage
Avenue has been constructed.

In providing drainage for this street and all side
streets running into it, a storm-water sewer was built
under the south roadway and offset from the street railway
tracks a distance of 10 feet in order to avoid any possible
settlement of the new trench. This sewer is not con-
tinuous, but leads into the city system at three points, one
at 105th Street, one at 108th Street and the other into the
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Grand Trunk Pacific and the Edmonton-Dunvegan Rail-
way shops. It will also handle considerable of the traffic
from the town of St. Albert and Mornville district to the
northwest of the city.

The total length of this street is 9,011 lineal feet,

 With a total width between property lines of 100 lineal

feet. This area is covered with 55,609 square yards of
regular pavement on a 6-inch concrete base, 24,300 square
Yards of pavement on the street railway allowance, 249,579
Square feet of concrete walk, with 17,444 lineal feet of
combined curb and gutter. The total cost of this work
Was $411,345, of which amount the Hudson’s Bay Com-
pany took $341,761, and the city $69,584. From the
above figures it will be seen that the pavement, including
the street railway allowance, has cost the company $3.34
per square yard, or for the completed street at the rate of
$34.50 per lineal foot. The concrete walk construction
cost $62,361, or at the rate of 24.7 cents per square foot,
while the combined curb and gutter cost 75 cents per
lineal foot.

In deciding on a cross-section for this avenue, con-

. sideration was given to the probable through traffic as a

leading road, and also of the traffic ordinarily accommo-
dated on a retail business street. But, as will be seen
from the accompanying cross-section (Fig. 1) the wide
Street allowance between property lines gave ample room
for both pedestrian and vehicular traffic.

Fig. 1.—Cross-section, Portage Avenue, Edmonton.

tunnel sewer by a drop manhole at 113th Street. The
leads carrying the drainage from the catch-basin silt-well
to the manhole at the street intersection are all 8-inch
connections.

The catch-basin is made up of the side and top inlet
type, the casting resting on a silt-well constructed of three
24-inch vitrified tile pipe culls. Fig. 3 shows in detail
this type of construction, which has been in use in this
city for the past 10 years, is cheap and easy to construct,
and so far has given good satisfaction. :

The ground covered by Portage Avenue has a gradual
rise from roist Street to 121st Street, but is somewhat
rolling, and two large sloughs are crossed, one at 108th
Street, and the other at 115th Street. The knolls on each
side of the sloughs were covered with from one to'two
feet of black loam resting on a heavy clay. Two years
previous to the beginning of permanent construction, this
street was graded with a roadway 30 feet wide. Contem-
plating future construction, this roadway was graded
with an offset from the centre line sufficient to clear the
street railway allowance. This was found to be a great
help as material teams and traffic continued to use the old
graded roadway during the construction of the street
railway tracks.

The total construction from ro1st Street to 121st
Street was completed in three years, a third each year.
The first section of paving and steeet railway construction




”

56 THE CANADIAN ENGINEER

was completed in 1914 by the National Paving Company
of Winnipeg, the balance was completed in 1915 and 1916
by the Crown Paving Company of Calgary and Edmonton.
The concrete walks constructed on the three sections were
built by Messrs. Swanson & Kaline. In carrying out this

work, the contractors did their best to make this street
one of the finest in the city.

Fig. 2.—Strathcona Square, Edmonton.

-

In taking out the excavation for the roadway and
sidewalks, over 32,000 cubic yards were removed. All of
the ‘sidewalk excavation and the roadway excavation of
the first section was moved with dump wagons, but the
rough grade of the last-two-thirds of the street was
moved with wheel scrapers. In crossing the slough, and
especially along the edges, a great deal of muskeg ground
was found. In such cases all mouldy materials was taken
out down to the clay, and the grade allowed to stand until
well dried out before refilling. When grading the road-

~ way across the sloughs two years before, corduroy had

been laid down before placing the fill. Although the
corduroy material was still in condition and one might
be inclined to leave it in place under a three-foot fill, yet
it was thought advisable to remove all such material and
refill. :

Fills were made by dumping material in layers of 8
to 10 inches before rolling, but it was often found that
after the wheelers Had travelled over a lift for some time,
that the ten-ton power roller had little or no effect.

The curb and gutter constructed on this street is the
combined type, built continuous throughout the block,
with thin plate joints every 8 feet and with regular 3{-inch
expansion joints each 50 feet. The body of the curb and
gutter is made up of concrete mixed in the proportion of
1 part cement, 2 parts sand and 4 parts crushed rock or
washed gravel, with limiting size of one inch. The
mortar surface is made up in the proportion of 1 part
cement to 2 parts sand. On construction done during
1916 a 6-inch gravel cushion was placed under the curb
and gutter section to act as a drain, the lower end of each
block being joined up to the catch-basin. We have
watched these connections during and after a heavy rain
and by the large amount of water reaching the silt-well,
it is evident this gravel drain has justified its construction.

Volume j32.

Concrete walks were constructed on each side of the
street. The excavation was taken out and after the sub-
grade had been rolled with a light power roller, it was
covered with 4 inches of gravel to form a cushion. Most
of the -subsoil in this city is of a heavy clay formation
which cracks badly during cold weather and it was to
insulate the concrete walk slab from the clay foundation
that the practice of laying a gravel
cushion was adopted. The concrete -slab
is made up of a base 4 inches thick and

face one inch thick. The concrete in the

cement to 215 parts sand and 5 parts

clean gravel or crushed rock. The sur-

face is given a rough brush finish.
Expansion is provided by placing 3{-inch
joints across the walk every 5o feet, with a
% -inch joint along the edge of the walk at the

sawdust, the top being sealed with a light grade
asphalt. :

In constructing the roadway the subgrade
was prepared in the usual way, and then covered
with a concrete base six inches thick. In mixing
this concrete base only washed gravel or crushed
rock was used, and mixed in the proportion of
I part cement to 3 parts sand to 6 parts stone.
This material was mixed in a batch mixer, and
hauled to the street in horse carts, as shown in
Fig. 4. The surface was then struck with a tem-

o Inler casting.
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Fig. 3.—Detail of Catch Basin.

plate resting on the gutter at one end and on a grade
board at the other end. The surface of the base was left
rather smooth. After the base had set sufficiently to

safely carry the roller, a 2-inch aspHaltic concrete surface

followed immediately with a mortar sur-

base is mixed in the proportion of 1 part

back of the curb. The joints are partly filled with
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was laid. On the first section, between 101st Street and
106th Street, the mineral aggregate has a rather coarse
grading, while the mineral aggregate of the remaining
two sections laid by the Crown Paving Company is
a fine grade mixture.

In checking the quality of material used on the work,
samples of cement were tested from each car and the

L

g

Fig. 4.—Concrete Being Hauled to Job in Carts.

;‘:‘&terial held pending the seven-day test. In addition to
a ment tests and a general inspection of all mat?nals used,
, father- extensive series of tests were carried out on
Cyl ’nd.ers of concrete taken from the work each day. After
Sar‘;wlﬂg‘to set up in water for a period of 28 days, the
in Ples were taken to the University of Alberta for te§t-
fa§£ It must be admitted that the results were not satis-
hroo - The difference in temperature from spring
caj] Ugh summer to fal‘l, together \n{xth what one might
Sam g personal equation of the inspector taking the
so Ples.m the cylinders, all combined to make the results
It :.ranc.as to be of little value except as a rough check.
cy ight be that if one man took all the samples, and
ed them in a constant temperature, the results would
more uniform. :

allg In constructing the double track in the street railway

Wance, our standard section for 12-foot centres was
: After the subgrade had been prepared 2 6-inch
Crete base, made up in the proportion of 1 part cement

F.ig' 5.—With Track to Grade, Filler is Poured up to
Bottom of Proposed Pavement.

e ;
Wag I;a.rts sand to 6 parts washed gravel or crushed rock,
Skele aid. - As soon as this hase had sufficiently set the

ton track ‘was assembled, spiked and bonded. In
eglng the track to grade and alignment, wooden shims
the enUSed, but care was taken to keep them well out at
Woulg S of the ties in order that the mortar from the ﬁ!ler

Work ufider the ties and form a good bearing

r.i n
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directly beneath the rail. With the track to grade, as
partly shown in Fig. 5, the filler is poured up to the
bottom of the proposed pavement. Fig. 6 shows the
method of pouring filler on two tracks at once. ‘

The rails used in the track-work were 5-inch 8o lbs.
A.S.C.E. section, and in making joints at the rail lengths,
continuous joint plates were used. Care was taken to see
that a tie was placed under each end of the joint. On a
part of this year’s work we ran out of continuous joints,
and in looking for a substitute we adopted a 34-inch angle
splice bar with six holes. Under this joint we placed
three ties, one at each end with one directly under the
joint. On top of the ties at each joint and for three ties
on each side were placed !{-inch tie plates. We have
found the joints to be a weak point in track construction,
and for, that reason are paying special attention to them.

In paving between the gauge lines, two methods were
used. On the first section, between 1015t Street and 106th
Street, grooved sand stone block sets were laid along the
rail and the space between laid with a two-inch asphaltic
concrete surfacing. On the remaining two sections a rich
concrete slab of 1% 1:2 mixture and four inches thick was
laid between the gauge lines. On the outside of each rail
a double row of treated wood blocks was laid, the space
under the ball filled with a treated wood filler strip. In
setting the wood blocks a mortar bed was first laid on top
of the concrete filler, and after allowing sufficient time to

Fig. 6.—Shows Method of Pouring Fill on Two
Tracks at Once.

set, was painted with a }{-inch coat of hot asphalt and
followed immediately with the wood blocks. The same
result may be obtained by dipping each block in a pail of
hot asphalt before laying on the mortar bed. On the last
section of the work the inside of the rail was painted with
an asphaltic paint before the concrete slab was poured,
the idea being to prevent the concrete from bonding to the
rail. It is recognized that a rail laid on wooden ties will
move up and down, as it should do to give a certain amount
of resilience to the track, and in order to provide for this
movement without affecting the adjoining pavement, the
asphaltic joint on the inside, with the wood blocks on the
outside, were introduced. .

This work was started under City Engineer A. J.
Latornell, now captain in the 75th Battery, with Mr. A.
W. Haddow in direct charge, and completed by Mr. A.
W. Haddow, now acting city engineer.

Large contracts for lumber, aggregating 16,500,000 feet,
exclusive of an open order for all the clear spruce available,
have been placed by the Imperial Government with British
Columbia mills. : )
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CANADIAN SOCIETY OF CIVIL ENGINEERS.

(Continued from page 48.)

e Disposal and Sanitation (A. Surveyer, cha:lr-
ixeavrt;l,g Steel I;?tridge Specifications (P. B. Motley, chair-
man), Conservation (James White, chalm-lan), Electro-
Technical Commission (L. A. Herdt, c.halrman), Rein-
forced Concrete (W. ]. Francis, chalrrpan), General
Clauses for Specifications (H. Holgate, chairman), Roads
and Pavements (W. A. McLean, chalrm?n), and Steam
Boiler Specifications (L. M. Arkley, chairman).

The awards of the Gzowski medal and of pri.zes for
the best students’ papers will be announced during the
annual meeting. As no papers have. been presented on
mining or metallurgical subjects during 'Ehe year, there
will be no award of medals in these subjects.

A provincial division has been duly f:on.stituted under
the provisions of By-law No. 56 in t.he'dlstn.cti ?f Albsart'a,
thus establishing the second provincial division within
the society.

The membership of the branches at the date of the
last annual meeting was as follows:—

Corporate. Non-Corporate. Total.

Quebec . ...ccon 73 26 99
Ottawa . - veooees 166 56 222
#Kingston . ...... 14 I3 27
TOronto ., «soses 134 83 i 217
Manitoba . ...... 107 L 144
Calgary . ....... 43 : 9 52
*Vancouver . ..... 112 20 132
Victoria . «.evves 54 10 64
Edmonton . ..... 33 9 42
Regina . ....... s 2T 2 23
757 265 1,022

#Ags reported for 1915.

Under the provisions of an act of the Quebec Legis-
lature, members residing within the province have been
exempted from service as jurors.

'A very considerable amount ?f time was occuPied
during the year in council meetings and by sp?cxally
appointed committees in connection with the question of
the employment of alien engineers by the. government.
A general statement as to the position of tl}ls matter was
recently communicated to the membership. It is still
under advisement, and such further progress-as may be
made will be reported from time to time.

A circular letter has been addressed to branches,
inting out that the interests of the proft?ssion in Canada
will be served by giving attention to engineering matters
of importance in the locality of the branch. The Calgary
pranch rendered a very important service to the city in
“the early portion of this year by reporting on the con-
struction of a bridge over the Bow River, in regard to
the stability of which there was contention. This report
completely exonerated the city engineer from the asper-
sions cast upon him by an alderman, and the action of
the branch met with the approval of the board of control
and the citizens generally.

In Montreal the local members of the council, during
the autumn of 1915, made representations to the city’s
board of control as to the advisability of going forward
with the aqueduct power project. No action having bt?en
taken by the city authorities, a number of rate-paying
engineers, acting independently of the society, made

advised that the entire by-laws be redrafted. SystematiC

of receipts over expenditure.
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further representation, and on the invitation of the city
authorities made an exhaustive study of the project and
have presented a report which completely sustains the
position taken by council of the society.

The Quebec bridge excursion, in which the member-
ship was invited to participate, was attended by upwards
of 160 members of the society and their friends.

In accordance with the instructions of the last annual
meeting the council at an early date in 1916, took meas-
ures to constitute the committee on society affairs. Its
election was completed on April 18th, and the committee
named as its chairman Prof. H. E. T. Haultain on May
16th. A progress report of this committee has been pre-
pared, of which the following is a summary :—

Committee on Society Affairs.—A progress report
was issued on November z2oth by the committee o
society affairs, of which Prof. H. E. T. Haultain is chair-
man and E. W. Oliver secretary.

A number of recommendations made to the com-
mittee by various members were transmitted to the mem-
bership for the latter’s consideration. The committe€
found diversity of opinion on several important points;
and stated that some of the features of the situation
called for further deliberation before final opinion could
be expressed. Several sub-committees are still at work:

Among the recommendations submitted to the mem-
bership, it is interesting to note a proposed change of
name from ‘‘Canadian Society of Civil Engineers’’ t0
‘“Canadian Institute of Civil Engineers’”’ as suggeste
by Mr. Geo. Mountain at the last annual meeting. It i$

publicity in the public press is recommended, and als0
a systematic effort to have recognized university en-
gineering professors identified with the society so as tO
secure the co-operation of the universities. '

The nominating committee and councillors should b€
elected by districts, stated the progress committee, an
efforts should be made to obtain annual grants from theé
provincial and Dominion governments.

It is proposed to create a new classification in men” I
bership, to be known as ‘‘retired members,’’ for which
the annual fee will be nominal, for those members over
65 years of age who have been corporate members of the
society for over 20 years and who desire to be so classified:

The .council may be relieved of some of its duti€®
by the appointment of a ‘“‘public service committee’’ 0
look after public questions and legislation which may
appear to be contrary to sound engineering practice OF
to the interests of the members.

Treasurer’s Report.—From a financial standpoint,
also otherwise, the year 1916 was successful, the audif f
tor’s statement showing a balance of $3,642, heing exces®

The total expenditure was $20,084, while the total
receipts were $23,726. The bulk of the receipts, ©
course, was from fees collected, and it is interesting
note that $2,485 was collected on entrance fees, and
especially that $6,512 was collected of fees in arrears—
an accomplishment upon which the officials of the soeietf
are to be congratulated. .

The assets total $113,998, which includes $10,779
cash on hand, $5,000 arrears of fees (estimated value)!
and $180 debentures. The society’s property, house, fuf”
niture and books are valued at $97,804. )

The only liabilities of any very considerable amouf®
are accounts payable $5,400, rebates due to branch®® '
$1,659, and mortgage on property $20,000.
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Library and House Committee.—Purchases during
1916 were not made in excess of money presented to the
library. Only seven books were purchased, but ten were

Presented to the society by members and forty-three by

Non-members. ~ Six additional exchanges were effected,
mal.(mg ninety-seven papers received regularly by the
society. A special collection of literature bearing on the
regulations relating to the employment of engineers by

governments, states and cities is being compiled.

Committee on Steel Bridge - Specifications.—This
committee had twenty .meetings during the year, which
Were attended by most of the Montreal members, the
Other members having participated by post. ;

A draft specification was prepared and sent out to
t-h? branches for discussion, and it is recommended that
this discussion be continued during 1917. Views of all
‘ﬁntel‘.ested authorities are desired so as to have the speci-

?at}on take such form -that it will be possible for pro-
Vincial, municipal and other bodies to adopt it. In the
Meantime it is proposed that the committee continue its
Work, including the preparation of a specification for
;novable bridges, and the revision, where necessary, of

€ present railway bridge specification. It is suggested
sy the members of the committee that the committee
th::l-d go out of office automatically every two years, and
tive flts' personnel be chosen as follows: One repreSfaqta-

& rom each of the branches and four members residing

or near headquarters. This arrangement would have

w;'_ effect of providing at all times a working committee,

ich would prepare details for discussion for the com-

“Mittee as a whole.

lim; While movable bridges were not include.d in 'the pre-
We:“ary (.irafts of the highway bridge spec1ﬁcat‘10n, and
ere not included in the railway bridge specifications that
t}?ive been issued, the committee gave consideration to
S feature, feeling it to be necessary for complete
SPecifications. ‘
tric The (EOmmittee suggests that a mechan'ical and e!ec-
% al engineer, conversant with movable bridge practice,
ould he of great service in this connection, and sug-
ﬁ:stffd that the new committee be empowered to add to
@ Number or to consult such experts as may be necessary
draft a complete specification.
QOmI‘}temational Electro-'I:echnical Commission.—This
of txlttee reports that .durmg the year 1916 the work
Strie e commission, as in 1915, was more Of less re-
Sity ted, dL‘le, of course, to the war, which .must of neces-
materially affect all international bodies.
of I“_ June, however, the committee had the pleasure
a visit from Mr. C. Le Maistre, of London, England,
mgetgenel_'al secretary of .the c?mmis§ion, the mem_bers
Variomg in Ottawa and discussing with M’r. Le Maistre
Uturus matters relating to the commission s gresent and
Uture activities. At that meeting Mr. Le Maistre stated
:t while matters naturally could not go ahead in just
& Same way as formerly, still everything pos.sxble was
ng done by the central office and the various sub-

; co 1 . - .
Mmittees to put things in shape so that material pro-

rg;;iss can be made shortly after conditions return to

mal.

\yearNOthing has, of course, been done during the past

Sum ;(’Wards the holding of any further congresses. Pre-

n Pa ly the 1917 meeting, originally scheduled to be held
etrograd, will be postponed.

mittPrOf- L: W. (Gill, the member of the Canadian com-

eryee who is 4t the front, continues to command a bat-
Somewhere in France.
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With the exception of Mr. W. A. Duff, of Winnipeg,
who resigned during the year, the committee remains as
before.

Conservation Committee.—The advance of conser-
vation, of general industrial improvement, in Canada has
been impelled and facilitated during the past year by the
most powerful stimulus. Progress toward the better utili-
sation of the resources of the Dominion has naturally
attained greater momentum in the form of a national
necessity than it could be expected to achieve as an in-
adequately realized desirability, awaiting the creation and
support of effective public sentiment. The events of 1916,
and especially of the past few weeks, have served to
emphasize more forcibly than ever the relation of eco-
nomic efficiency to national strength and safety.

As a result of recent action the future economic
development of the Dominion will benefit by the aid and
guidance of systematic industrial research. The appoint-
ment of the Industrial Research Commission by the Do-
minion government and the corporate enterprise of the
Canadian Pacific Railway in promoting scientific research
will enable Canadian industry to utilize the services of
two highly organized institutions. In the same ‘manner,
as the forest industries are now in receipt of the services
of the TForest Products Laboratories at Montreal, every'
form of industry should be enabled to avail itself of expert
assistance in the solution of its peculiar problems. To
achieve the maximum results industrial research must be
linked up with a thorough system of technical education.

Town planning progress merits special mention as a
conservation movement. Aside from its bearing on public
health, town planning seeks the economical use of public
funds. During the opening decade of the century Canada
invested approximately $600,000,000 on municipal growth,
largely. for civic improvements. Heavy additional expen-
ditures have been made since 1910. The efficient invest-
ment of capital on such a large scale cannot be secured
as long as municipal development continues in haphazard
manner. Adequate legislation and administrative ma-
chinery must be provided to control and guide urban ex-
pansion. During the past year distinct progress has been
made in this direction and it is hoped that every province
in the Dominion will shortly possess proper provision for
thorough control of housing and town planning.

In practically every branch of primary production
and natural resources the war has created special con-
ditions and conservation problems. In many instances the
national waste due to failure to utilize our opportunities
to the full extent has been greatly reduced. This applies
particularly to water powers, the development of which
is proceeding rapidly. Similarly, with regard to mining,
renewed activity in both basic and subsdiary undertakings
has taken place and thorough study of the status of our
mineral industries has been undertaken.

It is gratifying to record the decision of the Ontario
government to remodel its forest protective service along
the most approved lines. The remarkable development
of our pulp industry indicates the potential value of our
forests and the wisdom of affording the most efficient
protection obtainable. The work of determining the extent
of our timber resources progresses steadily, surveys of
British Columbia and Saskatchewan forests have been
completed during the past year.

Committee on Roads and Pavements.—This com-
mittee has presented a full report of the year's work,
together with proposed standard specifications for crushed

stone, gravel, sand and ‘asphaltic read oils. For'abstract
of the committee’s report see page 64 :
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ARCHITECTURE AND THE GRAND STAND.

By C. V. Johnson, A.M.Can.Soc.C.E.

l UDGING from the examples of grand stands which

have more or less recently made their appearance on
this continent, particularly with reference to the
fireproof structures, it would appear that the co-
operation between architect and engineer is not all that
it should be, and as far as this particular type of building
is concerned the engineer has apparently had things pretty
much his own way, with the result that the country has
been presented with many structures designed principally
with a view to space and public safety rather than aesthetic
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criticism, as an engineer is not supposed to be an artist,

. L) . . N .
nor does his training as a rule include a course in archi-
tecture, however much it might be desirable,

confronted with an engineering problem with the solution
of which he is not familiar, call in an engineer to solve it
for him. This is certainly not to his discredit; in fact
rather the contrary, as although architecture and engineer-
ing are very closely allied, they are two distinct profes-
sions. This being the case, does it not seem natural that
an engineer, when called upon to design a structure,
should call in an architect to 'assist him with the
finer points of appearance with which his own training
has not familiarized him? In these days of steel and con-
crete, when the plasticity of the latter can
be advantageously used to an unlimited

Fig. 1.—Facade.

beauty. This is indeed unfortunate, as the grand stand
is essentially an item of considerable importance in the
general scheme of any exhibition ground or public place
of amusement, and as such may be made to harmonize
with the surrounding buildings without detracting from
its usefulness and ‘‘factor of safety.” It is perhaps a de-
batable question whether the grand stand belongs in the
province of the engineer or the architect, but in any case
it would appear that a greater ‘‘rapprochement” between
the two would have a decidedly improving influénce on the
general result.

The writer is unable to say whether the numerous
concrete structures of this kind, which have been erected
in nearly all parts of Canada and the United States, are
due to engineers or architects, but judging from their fine
air of stability and remarkable unanimity in lack of beauty,
would incline to the opinion that the trained eye of the
successful architect has had little or nothing to do with
the design. This may appear flattering to the architect
and the reverse to the engineer, but it will be apparent to
the unprejudiced observer that, taking into consideration
the different training of the two professions, it is not un-
natural. There does not seem to be much room for doubt
that the average engineer of to-day, when called upon to
design a structure of a certain capacity and given load,
human or otherwise, does not concern himself primarily
with the superficial beauty of it.
where many of us fail to realize our fallibility. In such
a case it would appear to be the part of wisdom to turn
the job over to a competent architect for a superficial plan,
and then proceed to prepare the main supporting body in
accordance with the best engineering practice. In follow-
ing this course the engineer is not laying himself open to

extent, it is a great pity to see massive
and extremely ugly structures, some of
which have the general appearance of up-
ended platforms, with windows stuck in
them at regular intervals. Not the least
of these monstrosities is the average
modern fireproof grand stand, and it is
time to wake up to the fact that they can,
and should, be made with some idea of
architectural effect—especially in view of
the fact that such a course would entail
little or no greater expense.

In this connection it is refreshing t0
note that a signal departure has been
made from the pre-conceived ideas of
grand stand design, in the erection of the
building now under way for the Provincial
Exhibition Commission of Quebec. This
structure is unique in design and reflects
great credit on the architect for the many fine points. of
superiority over previous designs for similar structures.
It is unfortunate that the work is not as vet sufficiently
advanced to illustrate the full beauty of the facade but
nevertheless the accompanying illustration (Fig. 1) will
give a fair idea of what it will be when completed.

The structure is primarily Doric in design, although
radical departures have been made by the architect in his
details, these reflecting an eriginality for which e i$

It is just on this point .

Fig. 2.—Front View, Illustrating Galléries.

justly noted. The facade itself with its columns and
arches is one which, while originating in part with theé
early Dorian idea of column supports, is nevertheless
somewhat cosmopolitan, while retaining a symmetry of
effect very pleasing and unstilted to the eye.

Experience |
has shown that an architect will, when he finds himself
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Another notable departure conceived and carried out
is the series of galleries for the accommodation of _the
Public (Fig. 2). These galleries consist of three tiers,
One above the other, constructed on the cantilever plan,
thus obtaining the maximum of seating capacity an.d
shelter, under a minimum of roof cover. This system is

Fig. 3.—Seven Weeks Prior to Exhibition Time.

Unigue in Canada and the United States, although there

IS one such in France but having only two tiers of
, Balleries,

The structure, which is 365 feet long over flll, has a
S€ating capacity of 6,340 persons, and a standing room
accommodation for probably 1,000 additioqal. In addi-
.n‘?n to this the interior, which is very spacious and con-

amns three stories, will consist of offices for the various
artments, a theatre, restaurants, kitchens, galleries,
Promenades, etc.

The building is of fireproof construction throughout,
'esting on concrete foundations, with steel-framed super-
Structure, brick exterior walls, and terra-cotta interior
Partitions finished in plaster. The ornamental work, such
4 columns, cornices, lintels, sills, etc.; is principally
artificia) stone, or, in other words, fine concrete, alt!lf)ugh
N the upper story some of the smaller columns, r?glmgs,
€e., are of ornamental iron construction. The mtet:lor
“00rs are of concrete throughout, the upper ones being
‘Cinforced with rib metal, and the whole with a cement
%op finish. ‘The outside galleries are also of concrete,

e

Fig. 4,—One Month Prior to Exhibition Time.

laiq on corrugated metal, which is arched between sup-
‘pol.’ti"g beams of steel. The stairs leading to the gal-
°Ties and those of the interior, are of unit concrete con-
TUction, each 'step having been moulded separately and
4d in cement mortar on steel channel stringers.
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- The whole building, which will be completed for the
coming Exhibition in August, is one of which the city of
Quebec may be justly proud; and the architect, Mr. G.
Emile Tanguay, senior member of the firm of Tanguay &
Lebon, deserves great praise for conceiving and carrying
out a scheme which bids fair to revolutionize the design
of such structures on this continent.

The general contract for this work was awarded to,
and carried out by, the firm of Joseph Gesselin, of Quebec
and Levis, and the sub-trades were supplied and erected
by the following Quebec firms: Ornamental ironwork, L.
H. Gaudry & Co., Limited ; plumbing, Fortunat Gingras;
wiring and lighting, Goulet and Belanger; roofing and
sheet metal work, Eugene Falardeau; and structural steel,
the Eastern Canada Steel & Iron Works. ;

The concrete work was almost entirely placed by
means of the Insley spouting method, which was found to
be very efficacious in the various stages of the work.

For the accompanying illustrations the writer is in-
debted to Mr. G. H. Lovett, inspector for the Exhibition
Commission, and Mr. H. E. Balfour, assistant engineer
for the general contractor. The photograph illustrated
» Fig. 3 was taken July 8th, and Fig. 4 July 28th, from
which it is interesting to note the progress of construction,
and the fact that all three tiers of seats were completed
and ready for the accommodation of the public on the
2oth of the following month, together with . the walls,
stairs, etc. :

ANNUAL MEETING OF CANADIAN MINING
INSTITUTE.

The annual meeting of the Canadian Mining Institute
is to be held in Montreal March 7th, 8th and gth next.

Among the papers either definitely or tentatively
promised are the following: ‘‘Industrial Preparedness,’’
by Mr. Arthur D. Little; ‘““A Plea for the Union of
Capital and Labor,” by Hon. Col. David Carnegie; ‘“The
Future of the Coal Trade of the Empire,”’ by Mr. Allan
Greenwell; ‘“‘Zinc Electrolysis,”” by Mr. E. P. Mathew-
son; ‘‘Flotation Processes in the Treatment of Tailings
in the Cobalt District,”” by Mr. John M. Callow ; ‘‘Sodium
Sulphide Precipitation of Silver at the Nipissing Mine,
Cobalt,”” by Mr. R. B. Watson; ‘‘Mining and Metallurgi-
cal Practice in the Porcupine District,”> by Mr. A. R.
Globe;  ‘‘Metallurgical Practice at the McIntyre Mine,
Porcupine,’”’ by Mr. A. Dorfman; ‘‘Countercurrent De-
cantation,’”” by Mr. L. B. Eames; ‘‘The Concentration
of Molybdenite,” by Mr. H. H. Claudet; ‘The Utiliza-
tion of Canadian Molybdenite,” by Mr, J. W. Evans;
““Methods of Mining at the Magpie Iron Mine,”” by Mr.
A. Hassellring ; and ‘‘Notes on Potash,” by Mr. C. W.
Drury.

During the first half of 1916 the output of the French
coal mines totalled 10,600,000 tons, as against 0,700,000 tons
during the first half of the previous year.

The national forests of the United States vielded the
Republic a revenue of $2,481,460 in 19135, as compared with
2,437,710 1n 1014, $2,467,500 in 1013, $2,157,356 in 1912,
$2,026.006 in 1911, and $2,000,148 in 1910.

Whilst copper extraction in Greenland has been left in
abevance, not for want of ore, but on account of the high
freights and high prices for fuel, the graphite production is
increasing and the work being extended. The deposits are
large and the percentage of graphite greater than in most
other deposits outside Ceylon. American machinery has been
installed and the manufacture of crucibles will be taken up
in earnest.
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ROAD CONSTRUCTION AT CAMP BORDEN.

By R. T. Bell
THERE has been laid to date- at Camp Borden

approximately eight miles of concrete and asphalt
macadam roadway. Hughes Avenue, the main
thoroughfare, is built of concrete, and extends
from the ordnance buildings at the north end of the
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it was an urgent necessity to complete these to assist
transportation and to allay the dust nuisance, the old roads
being a foot deep in dust. As much as one thousand feet
of road was laid in the two shifts. A one-half yard Austin
cube mixer was used with caterpillar traction, the materials
being delivered to the mixer by teams on a planked sub-
grade. A 1:1%:3 mix was used, the material used .
being pit-run gravel to which was added sufficient 2-inch
crushed limestone to bring this to the required propor-
tions. Joints were placed 30 feet apdrt; the

Section of Concrete Road Completed.

camp to the Y.M.C.A. building, with side roads to Logie
Avenue and the hospital. This road is 22 feet wide; 18
feet of concrete and a 2-foot shoulder of crushed stone on
either side. A crown of 2 inches was allowed on this
roadway, the concrete at the centre being 8 inches deep.
Logie Avenue is of asphalt macadam as is also the
loop to the station. This road is 20 feet wide and
was built in two courses, the base being 4 inches
of 2-inch crushed limestone and the top dressing 2
inches of 14-inch limestone with -an asphalt binder.
The conditions to which
the concrete roads were

joint material being 3-in. by 8-in. asphalt.
These were placed on an angle with an
average deflection of two feet, thus making
each slab a keéystone. This prevented any
abrupt jar being felt at the joint, as no two
wheels of any vehicle would be crossing at
one time. It also gave the slab a chance of
lateral movement in event of heaving or
settlement of the sub-grade, which it would
not have were the joints at right angles to
the road. This style of joint is used in the
state of New Jersey and has proved very
satisfactory.

In grading the road, great care had to be
taken to set the grades to eliminate fills as
much as possible, as no time could be allowed
for settlement. In any case where a fill did,
occur it was thoroughly wetted down as
made, The grading was dope with a Key-

~stone traction digger, the skimmer scoop
being used. . The daily average was 500 feet.

The material encountered was sand and in

no case did quicksand or clay occur. The

drainage was excellent and there is little fear of raised
slabs through héaving on account of a wet subgrade.

The excavating shovel was followed by a gang of
from six to ten men fine grading, the subgrade being
planked directly behind them. This plank was teamed
ahead as the mixer advanced.

The mixing gang varied considerably on account of
the difficulty of getting labor, the intense heat making it
almost impossible to hold men.

subjected is unique in the
history of concrete road
construction. They were
thrown open to traffic but
three days after being laid
and up to the time of writ-
ing this article not a crack
had appeared. Only in
one place did a failure
occur ; this at the junction
of two sections and was
due to carelessness in
mixing, the proper amount
of cement having been
omitted in a couple of
batches, during the night
shift.

The concrete gangs were
run night and day as the
existing sand roads were
rapidly becoming impas-

sable owing to the enorm-
ous amount of traffic, and

Concrete Mixer.
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_ Owing to the shortage of water on account of the
_immense consumption during the hot spell it was impos-
sible to keep the concrete wetted down and the seasoning
was only of a very perfunctory kind.

A census was taken of the traffic on Hughes Avenue
which showed an average of 108 vehicles per hour, this
traffic being of a very heavy kind, such as motor trucks,
Commissariat wagons, etc. :

_ After the road had been in use for about a month all
joints were gone over with a wire
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The British committee consists of a committee of
the Privy Council, an advisory council of experts, and
standing committees on engineering, metallurgy and
mining. S8

The paper was followed by a lively discussion, after
which the meeting went into business session and adopted
the following resolutions :— ,

That the Manitoba Branch, Canadian Society of Civil
Engineers, is heartily in accord with the idea of establish-

brush and wherever needed filled
with asphalt.

Knowing how this road has stood
after being subjected to most trying
conditions, the writer begins to havs
some doubt as to the advisability or
necessity of the various costly and
slow processes which are sometimes
used in the construction of cement
roads. Theoretically this road should
have gone to pieces long ago, but it

~shows no sign of doing so as yet.

MANITOBA BRANCH.

The Manitoba Branch of the
Canadian Society of Civil Engineers
held a regular meeting on January
4th.  Prof. E. Brydone-Jack de-
livered an address on ‘‘The Relation
of the Society to Scientific and Indus-
trial Research.’”’” He referred to the i y
absolute need for organized effort in research and investi-
gation, emphasized by the war. He gave the history and
details of organization of the British Committee on
Scientific and Industrial Research, followed by that of
the Canadian committee, which is being formed along
lines similar to the British committee, andalso of the
Committee appointed by the university faculty, all indi-
cating the development of public sentiment along this line.

ing research laboratories at the various industrial centres
throughout Canada and would urge for favorable con-
sideration, by those in charge, the establishment in Winni-
peg of an experimental station for physical and chemical
research relating to western industrial and civic problems.
That the Branch urge upon the Society in annual
meeting assembled, consideration of the question of
recommending to the Canadian Scientific and Industrial
Research Committee the

appointment of a standing
committee on engineering
and the nomination of cer-
tain members on such
standing committee not
exclusive of western re-
presentation.

That the chairman ap-
point a committee to make
a special local study to
forward the purposes of
the Canadian Scientific and
Industrial Research Com-
mittee.

According to the railways
statement made to -parlia-
ment by the minister of rail-
ways, there were on March
31, 1916, 2,070 miles of rail-
way in 'New Zealand, com-
pared with 2,055 miles on
March 31, 1015, an incyease
of ‘fifteen miles.
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STANDARD SPECIFICATIONS FOR ROAD MATERIALS

COMMITTEE OF THE CANADIAN SOCIETY OF CIVIL ENGINEERS SUBMITS DRAFT

OF ' PROPOSED SPECIFICATIONS FOR CRUSHED STONE,

SAND,

GRAVEL

AND ASPHALTIC ROAD OILS—ABSTRACT OF THE COMMITTEE’S REPORT.

Society of Civil Engineers has been at work

collecting data concerning the construction of

various types of roads and streets, and formulat-
ing tentative standard specifications to guide the engineer
in the purchase of road materials.

DURING the year 1916 a committee of the Canadian

The members of the committee were W. A. McLean
(chairman), W. P. Brereton, F. W. Doane, Jules
Duchastel, J. E. Griffith, G. Henry, Edgar James, A. F.
Macallum, A. J. McPherson, Paul Mercier, W. P. Near,
George Powell and C. H. Rust. ]

" Following is an abstract of the report prepared by
this committee for the forthcoming annual meeting of the
Society :—

The report of this committee for 1915 stated that
printed forms would be sent to the municipal engineers
throughout the Dominion with a view to securing data
concerning the construction of pavements of various types.
From year to year separate forms were to be sent on
which data concerning the service rendered by these pave-
ments would be itemized.

On further consideration it was decided to revise both
forms and while the changes in the forms for recording
data concerning construction were of a minor nature,
consisting for the most part in a change in arrangement
of items, that for recording data concerning. the history of
pavements was entirely revised. In place of the general
information indicated on the original form the information
has been itemized in detail. This will insure greater uni-
formity in the manner in which the information is received
as well as facilitating the filling out of the forms by the
engineers who are co-operating with the committee.

During the early part of the summer six copies of the
form entitled ‘‘Data Concerning the Construction of Pave-
ment’’ were sent to engineers in each of forty-three cities
and towns in the Dominion as well as to members of the
committee. A number of these have not been returned
owing to changes of address of the engineers, the lack of
detailed data or the absence of permanent street improve-
ment in a number of municipalities. Hearty co-operation,
which has been appreciated by the committee, has been
received from a number of engineers, and much valuable
information has been collected. Further co-operation is
desired by the committee during the coming year. -

The forms were sent out during the construction'

season and while a number of engineers expressed their
willingness to furnish the information desired, they found
it impossible to devote the time to the collection of it on
account of the pressure of work. It is the intention of
the committee that copies of both forms be in the hands
of engineers shortly after the beginning of the new year,
as at this period of the year more time is available for
attention to office duties and the records of the previous
season’s work are still accessible. The list of the muni-
cipalities from which reports have been received, with the
general location of the streets reported on and the type of

pavement laid, is as follows :— ’

LIST OF PAVEMENTS REPORTED

Municipality.
Montreal S., Que...

(] ({3 @

St. Lambert, Que..

¢ ¢

Westmount, Que.

1 3

Quebec Province

(13 (13

Quebec City

.....

43 ‘¢
3 43
¢ 3
o c

Stratford, Ont.

113 €

York County, Ont..
[ 113 0 €«

North Bay, Ont. .
Welland, Ont.

Oshawa, Ont.
143 . 113

Toronto, Ont.

. Upper Belmont

. Wellington

Stieet or Road.
Rainville Bvd.
Desaulniers Bvd. ..
Victoria Ave.

Desaulniers Bvd.

Wood St.

. King Edward H’way Bituminous

Sherbrooke to Derby

line

Salaberry St.

St. Louis

Hermure

........

Lhamaell E e i

William

Vaughan Rd.

Quebec Ave.

Keele St.

Earl St.

. Asphaltic

Pavement laid.

. Concrete.
Asphaltic Concrete
on 5” Concrete.
. Bitulithic ~ on . s"
Concrete.

. Bitulithic on 5"

Concrete.

. Sheet Asphalt on 6"

Concrete.
Sheet Asphalt on 6”

‘Concrete.
Mac-

adam,

Tar Macadam.
Granite Block on 6”
Concrete.
Concrete
on 6” Concrete.
Sheet Asphalt on 6”
Concrete.

Asphaltic Concrete
on 6”. Concrete.
Asphaltic Concrete

on 6” Concrete.
Tar Filled Macadam

on 5” Concrete.
Tar Filled Macadam

on 5” Concrete.

. Tar Macadam.

Yonge St.'" ....iu.. Waterbound  Mac-
adam.
SNl mtyires w s phe Waterbound = Mac-
adam.
Nt Mamy o T gu s Wood Block on 5"
Concrete.
(EraRS il e Brick on 5” Con-
crete.
Hellems Ave. . Brick on ’5” Con-
crete,
Divistom b= by Brick on 5” Con-
crete,
St Main® = U Brick on 6” Con-
crete,
Catherine St. . Brick on 6” Con-
crete,
IV Mmoo Brick on 6” Con-
Crete,
E. Main (2 sections) Brick 'on 6” Con-
crete,
. Cormorant ~ ...... Sheet Asphalt on 6"
oncrete. :
Richmond Ave. ., Sheet Asphalt on 5"
' Concrete.
Cormorant = ...... Sheet Asphalt on 6"
| Concrete.
Richmond Ave. .. Sheet Asphalt on 5"
i Concrete.
¢ RicHmignd-5 0,00 Concrete.
ESTmcEe Se Mt 1 N Concrete.
Grace Terrace . Bitulithic on 3"
Concrete.
St. John’s Rd. .... Bitulithic on 5"
Concrete.
Kielei St v 1piriit, Bitulithic on §”
Concrete.

Sheet Asphalt on 5"
Concrete.

Sheet Asphalt on 5"
Concrete.

Sheet Asphalt on 5"
Concrete. \
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Municipality. Street or Road. Pavement laid.
Toronto, Ont. . Alberta Ave. ....Sheet Asphalt on 5
' Concrete.

% % NEainivQE.! Fansden Sheet Asphalt on 6”
Concrete.

= g Wellington St. W... Sheet Asphalt on 6"
Concrete.

% ¢ Christie St.  ....- Sheet Asphalt on 8"
Concrete.

Alexandra Bvd. .. Cofiftete; 67 thick.

Glencairn Ave. ... Concrete, 6" thick.

Lytton Bvd. - ..... Concrete, 6””th1ck.

Bracondale Hill Rd. Brick on 35" Con-
crete:

Bain Ave. Brick on 5” Con-

t

crete.
Scarborough Rd. . Brick (hillside) on
5” Concrete.
Asphaltic Concrete
on old Macadam
foundation.
... Bituminous Con-
crete on 4" Con-
crete:

illi .. Bituminous Con-
William St. (3) e o ' Con

crete.

i _ Asphaltic  Concrete
ks i g’n 6" Concrete.

Asphaltic Concrete
on 6" Concrete.

Bradford St.  ....- Concrete.

spooiﬁcations for Materials.—The formulating _of
specifications for natural products, such as crt_lshed stone,
gravel, and sand, which can be directly used 1n all locgh-
ties, is impossible. In many localities the greater portion
of the cost of these materials is that paid for transporta-
tion. Hence material of high quality which can be pro-

Wells St.

Kingston, Ont. . Aberdeen St.

(14 13

LOndon, Ont.

York St.

‘Cured within short distance of the work in one locality

Would reach a prohibitive cost in another.

The committee has therefore endeavored to draw up
Specifications which cover materials of good quality under
norma] commercial and natural conditions. It is recog-
Nized that in some districts these speciﬁcati?ns as they
Stand will not be applicable, but the ideal striven for has
been to secure a specification that may be a‘gulde, from
Which specifications best suited to local conditions can be
drofted.

The classifying of materials into different grades ac-
Cording to qualities reduces the necessity _Of redraftm.g
the specifications. In localities where materials of certain
8rades cannot be secured economically’ and the nature of
fhe work permits the use of material of inferi.or qualities,
It will only be necessary to specify the particular grade
Tequired, when the specifications for work are drafted.

The extensive use of laboratory tests results may be
Considered jnadvisable by some engineers. At the present
time laboratories are not available in all municipalities,

but resort to laboratory tests is rapidly growing and even

at the present time tests are being conducted by some of
he universities in the Dominion. It is felt that it is onl.y
2 matter of time till every large municipality will submit
all materials to laboratory test prior to accepting them.
The properties assigned to the different grades have
been selected from the study of results of tests made under
€ direction of the chairman of the committee as well as
fom the study of the results of tests conducted by various
'8hway organizations. :
t In reading the specifications it must be borne in mind
o At they are for the supply of materials only. The classes
work in which the materials are to be used, unless such
Materials are confined only to such classes, have not been
€d. The specifications for the construction of various
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types of pavements will - state definitely the class, size,
etc., of the materials which are to enter into the construc-
tion of the particular pavements.

Drafts of the specifications as considered by the mem-
bers of the committee residing in Toronto were sent to all
members. Where suggestions regarding changes in
minor points were made these have been incorporated, but
where changes of importance have been suggested these
are indicated at the end of each specification in order
that they may receive the consideration of the society.

The committee reports progress in the drafting of
specifications for the supply of bituminous materials. The
rapidly increasing use of these materials for the protection

of road surfaces renders it advisable that a reliable specifi-
cation be in the hands of engineers at the earliest moment.

Work was commenced on three grades of asphaltic
road oils, but at the same time it was realized that there
were a number of other grades of this material as well as
refined tars, etc., favored by engineers. The specifica-
tions which follow for bituminous materials have not been
placed before all the members of the committee and are
therefore to be considered as a progress report only.

It is the intention of the committee that a series of
general clauses be drawn up which will take into con-
sideration suggested form of tenders, suggested system
of payments and methods of inspection of materials.
Following are the proposed tentative specifications :—

CRUSHED STONE.

Definition.—1-1.—Crushed stone shall be bedded rock or
boulders which have been broken by mechanical means into
fragments of varying shapes and sizes. It shall not contain
more than 10 per cent. by weight of soft or friable material.
Material of which the particles are coated with dirt or have
the edges worn off will not be accepted.

Weathered Stone.—1-2.—No crushed stone shall be ac-
cepted which shows signs of being disintegrated or reduced
in quality by the action of the weather.

Crusher Run.—1-3.—Crusher run shall be the product of
the ¢rusher, of which not more than 8 (eight) per cent. by
weight shall pass a % (one-quarter) inch opening.

Sizes of Stone.—i-4.—The following schedule of sizes
shall be used, with the percentages of material larger than
the maximum and smaller than the minimum openings Te-
spectively, as shown. The sizes of opening shall mean the
diameter of circular openings in steel or iron plates. The
percentages shall be determined by weight.

The sizes of stone with the openings by which they are .
obtained are as follows:—

Maximum size Maximum percent. Minimum size Max. per cent.

Nameof of opening retained by max. of opening  passing minimum
size in inches size of i in inch size of opening
g mchign 3 4 8
4 e 4 3 3 8
Bl it 3 3 2% 8
S 2% 5 2 10
2 L) Bra 1% 10
1% ¢ 1% 5 1 15
1 Qi I 5 % 15
By % 7 % 15

)
Screenings.—Screcnings shall be material all of which
shall pass a % (one-quarter) inch screen.
Mineral Dust.—Mineral dust shall be finely pulverized
stone of which not less than 8o (eighty) per cent. by weight
shall pass a 200 mesh screen.

§ Tests on Stone.—1-5.—In addition to fulfilling the fore-
going requirements, crushed stone shall be classed into three
grades, according to qualities which shall be determined by
tests conducted in a properly equipped laboratory. The
properties determined shall be: coefficient of wear, tough-
ness and absorption. Material meeting the requirements of
any of the grades with respect to coefficient of wear and
toughness but failing to meet the requirement with respect to
absorption may, on consideration of the engineer, be classe '
with the higher grade.
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Grades of Crushed Stone.—(Crushed stone shall be classed
under one of the following grades:—

1-6.—Grade ‘““A” is a rock which has a toughness of not
less than 18 (eighteen), a coefficient of wear of not less than
14 (fourteen), and an absorption of not more than 0.6 (six-
tenths) pounds per cubic foot.

1-7.—Grade “B” is a rock which has a toughness of not
less than 10 (ten), a coefficient of wear of not less than 7
(seven), and an absorption of not more than 1.0 (one) pound
per cubic foot,

1-8.—Grade ““C” is a rock which has a toughness of not
less than 7 (seven), a coefficient of wear of not less than g
(five) and an absorption of not more than 1.5 (one and five-
tenths) pounds per cubic foot.

1-9.—Grade “D’’ is a rock that does not meet the re-
quirements of any of the above grades and which may be
used only on consideration by the engineer.

GRAVEL.

Definition.—2-1.—Gravel shall consist of naturally formed
fragments of tough durable rock, well graded in size from
the smallest to the largest, free from flat, elongated particles,
and shall not contain more than 15 per cent. by weight of
soft friable material. Tt shall not contain an excess of clay
nor an excess of loose or adhering dust, vegetable loam or
other deleterious matter. It shall be satisfactory to the en-
gineer in all respects.

Screened Cravel.—2-2.—‘‘Screened gravel’” is gravel ful-
filling the above requirements which is screened into one
or more of the sizes defined in Section 1-4 of the “Specifica-
tions for Crushed Stone.”

2-3.—“Run of bank gravel’” is gravel fulfilling the re-
quirements of Section 2-1 of this specification, which shall be
classed under one of the three grades shown below according
to qualities determined in a properly equipped laboratory.

The properties determined shall be the coefficient of wear and”

the proportions of the various sizes of particles present.

The coefficient of wear shall be determined on material
passing a screen having circular openings 2 (two) inches in
diameter and retained by a screen having circular opening %
(half) inch in diameter. The test shall be conducted in the
same manner as that for determining the coefficient of wear
of crushed stone. Run of bank gravel shall be classed accord-
ing to the following grades:— -

2-4.—Grade “A” is a run of bank gravel containing a
large percentage of pebbles of igneous rocks. It shall not
contain more than 5 (five) per cent. by weight of material
which shall be retained on a screen having 4 (four) inch cir-
cular openings, and not more than 43 (forty-five) per cent.
by weight of material which shall pass a screen having %
(one-quarter) inch square openings. It shall not contain
more than 3 (three) per cent. by weight of clay or loam nor
have a coefficient of wear of less than 14 (fourteen).

2-5.—Grade “B” is a run of bank gravel containing a
smaller percentage of igneous rock pebbles. It shall not

. contain more than 5 (five) per cent. by weight of material

which is retained by a screen having 4 (four) inch circular
openings nor more than 6o (sixty) per cent. by weight of
material retained by a screen having % (one-quarter) inch
square openings. It shall not contain more than o (nine)
per cent. by weight of clay or loam nor have a coefficient of
wear of less than 11 (eleven).

2-6.—Grade ““C’’ is a run of bank gravel composed chiefly
of pebbles of sedimentary rock. It shall not contain more
than 5 (five) per cent. by weight of material which is retained
on a screen having 4 (four) inch circular openings, and not
more than 80 (eighty) per cent. by weight of material which
passes a screen having % (one-quarter) inch square openings.
It shall not contain more than 12 per cent. by weight of clay
or loam nor have a coefficient of wear of less than 7 (seven).

2-7.—Grade ‘D’ is a run of bank gravel which does not
mea=t the requirements of any of the above grades and which
may be used only by written permission of the engineer.

2-8.—When so directed by the engineer, gravel shall be
crushed. The material so produced. shall conform to the re-
quirements of ‘““screened gravel’”” or “Run of bank gravel’”’ as
directed by the engineer.

SAND.

Concrete Sand.—3-1.—Fine aggregate for concrete shall
consist of natural sand, composed of hard, tough, durable
particles, graded from fine to coarse. When dry, not ‘more
than 5 (five) per cent. s}_lall be retained on a sieve having 4
(four) meshes per lineal inch; not more than 20 (twenty) per

Volume 3z.

cent. by weight shall pass a sieve having 50 (fifty) meshes
per lineal inch, and not more than 4 (four):per cent. shall
pass a sieve having 100 (one hundred) meshes per lineal
inch. It shall not contain more than 3 (three) per cent. by
weight of clay or loam.

Mortar Tests.—3-2.—Sand in addition to meeting the
above requirements shall give a mortar strength equal to or

higher than the minimum value at any of the ages shown in
the following table:— '

Age at test. Minimum strength of 1: 3 mortar.
2 OUNS S e, o s il ARG 1.25 times A
TR U e SR SRR, TR I 1.10 times A
PRSI i e ARt A S e 1.00 times A

Where “A” is the strength of 1: 3 standard Ottawa sand
mortar specimens of same form and size made by the same
operator using the same cement and the same amount of water.

The tests shall be made on mortars composed of 1 (one)
part Portland cement and 3 (three) parts of fine aggregate or
standard Ottawa sand, by weight. The test specimens shall
be made, stored and tested in the same manner, under ap-
proved laboratory conditions and according to recognized
standards of practice. Each value shall be the average from
tests of no fewer than 3 (three) specimens. 1

Cement.—3-3.—The cement used in all tests shall mee
the requirements of the specifications’ for Portland cement of
the Canadian Society of Civil Engineers, as revised in 1916.

Stone Screenings.—3-4.—Stone screenings from a hard,
tough, durable rock may be used as fine aggregate by written
permission of the engineer and provided it meets the re-
quirements of mortar strength.

Sand for Bituminous Construction,—3-5.—Sand for use
in bituminous pavement construction shall consist of hard,
tough, durable particles. It shall npt contain more than 1
(one) per cent. of clay or loam. When dry, not more than
8 (eight) per cent. shall be retained .on a sieve having 8
(eight) meshes per lineal inch, and shall not vary more than
5 (five) per cent. from the following :—

Screen mesh

Percentage by
per lineal inch.

weight retained.

Bl b A e o e e s N N TR SN
s s A e A TR s S Ml S SR 20
(o F T R (S A g Al SRl Akl e 27
(Lo gy, e ATt e ke RN P B ey 20
OO R s S S SRS g A s R 15
SO0 T e atoasts i st e 7 406 A [ o o2l 7
1

100 Pass

Cushion Sand.—3-6.—Cushion sand shall be clean and

sharp, and not more than 10 (ten) per cent. by weight shall
be retained on an 8 (eight) mesh sieve. It shall not contain
more than 10 (ten) per cent. by weight of clay or loam.

Crout Sand.—3-7.—Grout sand shall be clean, sharp and
well graded. Not more than 8 (eight) per cent. by weight
shall be retained on a 20 (twenty) mesh sieve, and not more
than 30 (thirty) per cent. on a 100 (one hundred) mesh
sieve. It shall not contain more than 5 (five) per cent. of
clay or loam.

Mortar made in the proportion of 1 (one) part of cement
to 3 (three) parts of sand by weight shall show a tensile
strength at least equal to 40 (forty) per cent. of a similar
mortar made of standard Ottawa sand, mixed in the same
proportions and stored and tested in the same manner.

ASPHALTIC ROAD OILS.
Gonera.l.'—Asphaltigoils shall be classed into three gradess
each containing the minimum percentage by weight of as-
phalt, of 50 degrees penetration, as follows :—

Ligh.t oi_l shall not contain less than 40 per centum asphalt.
BI-/IIEdmm oil shall not contain less than 6o per centum asphalt-
eavy

oil shall not contain less than So per centum asphalt.
All oil,-in addition to meeting the requirements of on€
of the above grades, shall have the following characteristics
as determined in the laboratory. All tests shall be conducte.d

accordin_g to the lat(?st methods recommended by the Ameri-
can Society for Testing Materials.

The requirements are as follows :—
1. It shall be obtained by the refining of asphaltic of

. semi-asphaltic petroleum or by the combination of solid of.
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semi-solid native asphalts with asphaltic petroleums or deriv-
atives thereof, which melt on the application of heat.

2. The various hydrocarbons composing it shall be pre-
sent in a homogeneous solution. ‘

3. It shall be free from water and sediment. )

4. It shall not contain acid nor sulphur in sufficiently
large ‘quantities to attack rubber or rubber compositions.
isti Light Oil.—Light oil shall have the following character-

Csia :

_ 1. It shall have a specific gravity of hot less than 0.92
(ninety-two one hundredths) at 77 degrees Fahrenheit (25
egrees C.). :

2. When evaporated in an open vessel at a temperature

bet."’een 450 and so00 degrees Fahrenheit until the residue re- °

‘Mmaining has a penetration (5 seconds, 77 degrees Fahrenheit,

0. 2 needle, 100 grams) of so (fifty) degrees, the residue
shall meet the following requirements:—

(a) It shall amount to not less than 40 (forty) per centum
:,n@ ll)IOt more, than so (fifty) per centum of the original oil by

€ight.

(b) It shall have a ductility at 77 degrees Fahrenheit of
not less than 25 (twenty-five) centimetres (Dow mould).

(¢) It shail have a melting point of not more than 160
(one hundred and sixty) degrees Fahrenheit and not less
than 130 (one hundred and thirty) degrees Fahrenheit when
tested by the ball and ring method :

3. Fifty grams of the oil upon being maintained at a
temperature of 325 degrees Fahrenheit for 5 hours 1n a cylin-

rical vessel 2% inches in diameter and 1% inches deep
shall not lose more than 25 (twenty-five) per centum nor less
han 10 (ten) per centum by weight. )

. 4. It shall be soluble at air temperature in pure carbon
bisulphide to the extent of not less than 99.0 (ninety-nine)
Per centum.

5. It shall be soluble at air temperature in 76 degrees
Beaume paraffin petroleum naphtha distilling between 140 an
190 degrees Fahrenheit to the extent of not less than 85
(eighty-five) per centum and not more than 95 (ninety-five)
Per centum.

B 6-, It shall yield not more than 8 (eight) per centum

Y weight of fixed carbon on ignition.

h 7. It shall show a flash point of not less than 120 (one
Og:dred and twenty) degrees Fahrenheit when tested 1In an

n cup.

s 8. It shall .not contain more than 5 (five) per centum by
Weight of paraffin scale.

2 Medium Oil.—Medium oil
aracteristics :—
{niae: It shall have a specific gravity of mot less than 0.94

Dinety-four one hundredths) at 77 degrees Fahrenheit.

B . When evaporated in an open vessel at 2 temperature

CtWeen 450 and 500 degrees F ahrenheit ux_ml the residue
las a penetration (5 sec., 77 degrees Fahrenheit, No. 2 needle,
,00 grams) of 5o degrees, the residue shall meet the following
€Quirements :—

5 (a) Tt shall amount to not less than 6o (sixty) per centum

th ot more than 70 (seventy) per centum by weight of
€ original oil. _

of (b) It shall have 4 ductility at 77 degrees Fahrenheit
not less than 25 centimetres (Dow mould).

(o (c) Tt shall have a melting point of not more than 160

anxée hundred and sixty) and not less than 130 (one hundreg

£ thirty) degrees Fahrenheit, when tested by the ball an

g method, gt
teme..  Fifty grams of the oil upon being maintained at a

o Perature of 325 degrees Fahrenheit for 5 hours in a cylin-
nolcal dish 2% inches in diameter and 1% inches deep, shall

st lose more than 12 (twelve) per centum nor less than 7

€ven) per centum by weight. :
bis i‘ It shall be soluble at air temperature in pure carbon
Deru phide to the extent of not less than 99.0 (ninety-nine)

centum by weight y
grees n\2) It shall be soluble at air temperature in 76 de-
e_s:s Beatme paraffin petroleum naphtha to the extent of not
(ni than 83 (eighty-three) per centum and not more than go

Déty) per centum. : :
treat'b) - When 20 C.C.’s of naphtha solution, obtained by
DPetr ing 1 gram of oil with 100 C.C.’s of 76 degrees Beaume
upooleum paraffin naphtha at air temperature, 1S evapogated
b“tnﬁzt gl?lss plate, the residue shall be adhesive and sticky,
Ol1ly, 1
Tt shall yield between 8 (eight) per centum _apd 12

per centum by weight of fixed carbon on ignition.

shall have the following

(twe] \-Ie)
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7. It shall show a flash point of not less than 150 (one
hundred and fifty) degrees Fahrenmheit when tested in an
open cup.

8. It shall not contain more than 5 (five) per centum
by weight of paraffin scale.

Heavy Oil.—Heavy oil shall have the following char-
acteristics :—

1. It shall have a specific gravity of not less than 0.96
(ninety-six one hundredths) at 77 degrees Fahrenheit (25
degrees Cent.). :

2. When evaporated in an open vessel at a temperature
between 450 and 500 degrees Fahrenheit until the residue has
a peretration (5 seconds, 77 degrees Fahrenheit, No. 2 needle,
100 grams) of so (fifty) degrees the residue shall have the

~ following requirements :—

(a) It shall amount to not less than 8o (eighty) per
centum by weight of the original oil.

(b) Tt shall have a ductiliy at 77 degrees Fehrenheit of
not less than 4o (forty) centimetres.

(c¢) It shall have a melting point of not more than 160
(one hundred and sixty) and not less than 130 (one hundred
and thirty) degrees Fahrenheit when tested by the ball and
ring method.

3. Fifty grams of the oil upon being maintained at a
uniform temperature of 325 degrees Fahrenheit for 5 hours
in a cylindrical vessel, 2% inches in diameter by 1% inches
deep, shall lose not more than 5 (five) per centum by weight.

4. It shall be soluble at air temperature in pure carbon
bisulphide to the extent .of not less than g9.0 (ninety-nine)
per centum by weight.

5. (a) It shall be soluble at air temperature in 76 de-
grees Beaume paraffin petroleum naphtha to the extent of not
les.s than 75 (seventy-five) per centum and not more than go
(ninety) per centum by weight.

(b) When 20 C.C.’s of naphtha solution, obtained by
treating 1 gram of oil with 100 C.C.’s of 76 degrees Beaume
petroleum paraffin naphtha at air temperature, is evaporated
upon a glass plate, the residue shall be adhesive and sticky
but not oily. )

6. It shall vield between 8 (eight) per centum and 14
(fourteen) per centum by weight of fixed carbon on ignition.

7. It shall have a flash point of not less than 290 degrees
Fahrenheit when tested in an open cup.

8. It shall not contain more than 5 (five) per centum by.

weight of paraffin scale.

The United States has furnished nearly 8o per cent. of
Great Britain’s imports of semi-finished steel since the war
started, whereas previous to the war the United States fur-
nished less than 2o per cent. of such imports and Germany
nearly 8o per cent

Invar is a nickel steel containing about 36 per cent. nickel,
together with about o.5 per cent. each of carbon and man-
ganese. Its most remarkable property is its extremely small
thermal expansion at ordinary temperatures, owing to which
quality it is now used for making steel tapes for precision
measurements. Its mechanical properties are about as fol-
lows: Tensile strength, 50,000 to 85,000 Ibs. per sq. id.;
elongation, 40 to 50 per cent.; reduction ot area, 40 to 65
per cent.; and Brinell hardness, 160.

The largest electrically-driven reversing rolling mill at
present in operation in America is that of the Bethlehem
Steel Company, at Lehigh. It is a 35-in. blooming mill.
Altogether there are at work, or in course of erection,
eighteen electrically-driven reversing mills in the United
States and Canada, According to Mr, Jefferies, of the Steel
Company of Canada, the power required for a rolling mill
owned by this company working much below its normal
capacity amounts to 21.5 kilowatt hours per ton.

A bill to permit American power plants to withdraw 20,-
ooo feet of water per second from Niagara Falls, the full
amount permitted by a treaty with Great Britain and Canada,
was passed on January 4th by the house at Washington, 274
to 82. The present use of 15600 feet per second is in-
sufficient, it was argued, to supply industries on the Am-
erican side which have been deprived of power from the Can-
adian side now diverted to war plants. The power companies
must pay $100 a vear per cubic foot.
back to the Senate.

The bill now goes
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REPAIRING TIMBER .CRIBWORK

By A. E. Eastman, A.M.Can.Soc.C.E.

HE cribwork referred to in this article is on the

north side of the lower entrance to one of the old

locks of one of the canals of the St. Lawrence

River canal system. While this lock is not used
except in case of emergency, this entrance and cribwork
are in general use as a dock for the landing of local freight
from river boats, and also as the landing place for a ferry,
making six to eight trips daily. These facts were neces-
sary to consider when carrying on the work, and also the
use to which the completed work would be put.

/
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Tail-race Fom Power House
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maximum is again reached. This maximum varies, gen-
erally following a six or seven-year cycle.

The work done on the cribs as described was carried
out in the fall, when the water was comparatively low.

While there was no current along this cribwork, there
was an almost constant fluctuation or ‘‘tide,”’ the rise and
fall being three or four inches and occurring at about
twenty-minute intervals. Owing to this ‘‘tide’’ practically
all elevations were taken by instruments, soundings being
used but little.

Work was begun by tearing down Crib No. 1 and the
bridge over the opening between Cribs 1 and 2. A float-
ing derrick was used to assist in this, as well as handling
material, or any work possible to use it for. This tearing

5”°9' over Jor!-race
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Fig. 1.—General Plan of Work. :

The cribwork as a whole consisted of a number of
timber cribs about 4o ft. x 12 ft., about 24 ft. apart, this
spacc being bridged with timber stringers and a floor of
plank. The work described refers to cribs 1 and 2 only,
these being nearest the lock masonry.

. The cribs had been built for a good many years and"
were in need of repair. In general, it may be said that
the plan adopted for these repairs was to tear the cribs
down to below water and build a superstructure of con-
crete, stone and steel, the elevation of the top of the new
structure to be the same as that of the old.

The St. Lawrence River is not subject to spring
freshets as smaller streams are; the high-water stage of
the year being in June and the water then gradually fall-
ing till the lowest stage is reached in about February or
March, when the water begins to rise again until the

R e ) i
Scale in feel i

down was a somewhat slow process. The timbers having
been well bolted, and the stone filling had to be removed
by hand and piled to one side for future use.. Fair-sized =~
boulders were found to have been used in crib filling, and
below water caused some trouble. Another cause for slow
progress was the smallness of the service grounds, as old
material could not be placed where it would interfere with
delivery of new material, or the progress of the work.

; ’!‘he whole top of the crib was not removed, but only
sufficient to allow the new wall to be built along the face
of the crib and the end next to Crib No. 2.

As before stated, the crib was torn down till 2 sound
course was encountered under water, which varied from
a few inches to a couple of feet at the then stage of the
water. After all material necessary had been removed,
elevations were taken every foot along the top of the crib

P
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as left, and the results platted. Levelling sticks were
then framed and well bolted in place with 3 -inch dr1ft§.
These levelling pieces were to come to within about sIX
Inches of the water surface. The well-known method of
driving these bolts was used, an iron pipe with a rammer.
It may be said that in planning the work no elevations
could be pre-cetermined except the elevation of the top of
the finished work, all others being governed by circum-
Stances as they arose. ¢

When possible to avoid it, it was not desired to place

<oncrete below water line, and to overcome this, cut stones

Were placed on these levelling pieces. These were stone
Of first-class quality that had been prepared for use in the
Ock walls and other masonry when the canals were en-
arged some years ago, but had not been used. These
Stone varied from 16 ins. to 22 ins. in thickness, but all
of one thickness were grouped together as much as
Possible and were placed with the face six Inches back of
the :face of the crib, or if there were a variation from a
Straight Jine in the crib they were placed at such distance

that the finished work would be straight. The floating
e 10%0° e e
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Fig. 2.__Section of Concrete Wall and Slab on Cribs.

de”"_Ck came into use in placing these stone. It was also
€ idea in using these stone to have them occupy as

:mch as possible of the space between maximum high
Bd minimum low water, mentioned in a previous:
Paragraph,

After these stone were placed, the forms for the wall
cere put up and the concrete wall was poured. The con-
'ete for the whole work was about a 1:3:5 mixture,
Srave] being used instead of sand and crushed stone.
€ concrete was mixed by hand and either shovelled
'fectly into the forms, or wheelbarrows were used when
Ore convenient. To give a good face to the wall the
inncr‘fte was well worked along the face forms. No re-
worcing was used in the wall or slab on the cribs, but
bg‘“ms" were permitted, some of the old crib filling
Ng used.
ang Ir;‘:g 1 shows the general plan of the finished work
ig.
Sab o1 cribs No. 1 and No. 2 as built.
As mentioned, this cribwork is used as a dock, but

0 . .
i ' Small hoats as a rule, so instead of mooring posts,

f':n hooks for mooring were placed. These hooks worked
2 cly around the top of a vertical 2-inch iron pin about

\ pla:et long, securely anchored when the concrete was

docke. - The hooks are sufficient for all traffic using the

madon the end wall on Crib No: 1 a bridge seat was
€ to carry the I-beams that were to form the stringers

2 a typical cross-section of the concrete wall and
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of the bridge across the opening between cribs 1 and 2.

The bridge could not be placed, however, till the wall on -

Crib No. 2 was finished, so after the concrete on Crib No.
1 had set, work was begun on Crib No. 2.

As shown on Fig. 1, there is an angle in Crib No. 2
and this angle was fixed as the finishing point for the
work for the season and so Crib No. 2 was torn down only
as far as this angle.

Work of tearing down this crib was carried on as
on Crib No. i, but the outer corner was found to be in
very poor condition and sound timber was not found titl
a point four or five feet below water was reached. It
was found that, owing to the condition of the crib, it
would be advisable to build this corner up with concrete
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Fig. 3.—Details of Steel.

rather than with timber; cut stone, however, to be placed
at the same corresponding position as on Crib No. 1 for
the same reasons. To hold this concrete, a form of plank,
placed vertically, was built, a diver fastening the bottom
ends of the plank, while the top ends, being well above
water, were secured to the crib. The concrete was de-
posited through a pipe and allowed to set well before the
form was removed.

After removing the form the cut stone were placed
and the wall erected as on Crib No. 1. The wall ended
vertically at the angle mentioned and will serve as an ex-
pansion joint when this work is continued.
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On beginning the work of bridging the opening be-
.tween Cribs 1 and 2 several points had to receive con-
sideration. As will be seen from Fig. 1, the tailrace from
a power house runs just back of the cribwork, and care
had to be taken to prevent the wall of this tailrace, which
is built of light timber, from giving way and allowing the
water to run between Cribs 1 and 2. Also, the top slab
would here need to be wider than on the cribs and pro-
vision must be made to carry this additional width; the
walls of the tailrace could not be interfered with in any
way or touched by the new work. It was decided to make
the slab at the opening about eight feet wider than on the
cribs, and a wall one foot wide, built to the required ele-
vation and a little longer than the opening between the
cribs, was built eight feet back of the crib slabs to carry
the bridge slab. Very light walls, to prevent material
running around the ends of this supporting wall, were
built connecting it with the end wall on the cribs.

Across the opening directly between the cribs four
18-inch I-beams were placed to carry the slab and from
the rear I-beam pieces of railroad iron a little less than
8 feet long were placed to carry the extra width. These
were supported at one end directly on the concrete wall
and were attached to the I-beam by a hook over the top
of the beam, and securely bolted to the railroad iron web.
Expanded metal mesh was used for additional reinforce-
ment between the I-beams and railroad iron. Fig. 3 shows
the details of the steel work.

The reason for placing such heavy beams was that
this bridge was in more constant use than any other part
of the structure and heavy freight is occasionally landed
there,

The concrete in this bridge was mixed and placed in
the same manner as on the walls on the crib.

Where the new work joins the old masonry a con-
crete step was placed and a small retaining wall built to
hold up a small quantity of earth that was above the level
of the completed work. !

This old lock masonry has a batter of about one in
twenty and the new wall was planned with a plumb face.
The connection was made by slightly twisting the forms
to conform to the batter, and running to plumb as soon
as possible.

The grounds around were graded up where necessary
and all unused material temoved, leaving all sightly.

This completed the work as planned for the season.

The work was performed under the direction of Mr.
C. D. Sargent, superintending engineer of the Ontario-
St. Lawrence Canals. The writer did the instrument
work, and looked after the details as the work proceeded.
The labor was done by the repair staff of the canal, Mr.
J. C. Boyd being overseer of this canal. ;

BUILDING INDUSTRY DURING PAST YEAR.

" The building industry throughout Canada for the last
year has shown a substantial increase over the very low
figures registered for 1915. This is ascribed principally ‘to
the increased demands of war industries, but domestic  re-
quirements have been responsible for no small part of the
increased activity. One important feature of the develop-
ment of the industrial life of the Dominion is the large num-
ber of United States manufacturing concerns. which are es-
tablishing branches in Canada, partly as the result of a reali-
zation of the advantages which are bound to accrue in the
ordinarv course of events from the industrial expansion
which is regarded as inevitable after the war, and also the
possibility of trade arrangements which will promote com-
merce between the allied countries.

Volume 32.

EXPERIMENTS ON EARTH PRESSURES.

N a paper read before the Institution of Civil Engineers,
Mr. P. M. Crosthwaite gives a short account of

Rankine’s theory of earth pressure, and the principles.

and assumption on which it is founded, together with
descriptions of former investigations—namely, those of
the late Sir George Darwin, and Messrs. Goodrich, Wilson,
Bell and Meem. The author concludes that of the experi-
ments made by these investigators to investigate the
lateral pressure of earth, those in which model walls were
used are of greatest value, but points out that if models
are of any size the experimental difficulties are almost
insuperable.

The author’s experiments, a number of which are 4

described and illustrated in the paper, were made by load-
ing a plunger with known weights and measuring the
penetration when the plunger had come to rest after the
application of each weight. The materials were enclosed
in an open bucket, and their weight was determined.

With those data the value of ¢, the angle of internal
friction, can be obtained from Rankine’s well-known
formula for the safe depth of foundations—

d P/ 1—sin. ¢\?
5 W( I+ sif. ‘P) :
when d denotes the penetration, P the pressure in pounds
per square foot, and W the weight of the material in
pounds per cubic foot. If the formula is true, and the
pressures be plotted against the penetrations, the result-
ing curve is a straight line, and' ¢ as calculated from the
formula should equal the angle of repose.

With sand, garden earth, and cinders and ashes the
resulting curves are straight lines, but it was found that
the value of ¢ varied with the state of aggregation of the
material—i.e., whether it was lightly poured into the
bucket, shaken in, or well pounded in. When the material
was deposited in the bucket as lightly as possible the angle
of internal friction was the same as the angle of reposes
but with more consolidation the angle was much greater-

From these materials the author concludes that
Rankine’s theory holds, provided the proper angle of
internal friction is used and not the angle of repose. If,
however, this angle is used it would be necessary to in-
troduce a factor of safety into the formula, for a wall
designed without one would be theoretically just strong
enough and no more. In Rankine’s formula there is no

factor of safety, and it is concluded that Rankine saW,

this, and used the angle of repose as covering the worst
conditions that need possibly be provided for. The
author’s experiments show that, for the materials tested,
work designed by Rankine’s formula, using the angle of
repose, would have a factor of safety of 214 to 4, and he
conaners that these are not unreasonable figures for such
materials.

The experiments on clay give altogether different
result§, for instead of the penetration varying at the load,
1t varies as the square of the load, and the penetration
curves are parabolas. Those results, which were alto-
gether unexpected, are completely confirmed by largef
experiments carried out by Messrs. Coode, Matthews
Fitzmaurice and Wilson, and by Mr. McAlpine in New
York.

The author is unable to give any physical explanatio
as to why the penetration in clay should vary as the square
of the load, but leaves it to the physicists. The law must
be capable of some rational explzination, and, if true, it
upsets all earth-pressure theories when they ,are app{i
to clay; for all accepted theories assume that the angIe
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of internal friction is the same as the angle of repose, and
that jts value is independent of the pressure. It is sug-
gested that the subject is worthy of further investigation,
b}lt that such could hardly be made by a private indi-
Vidual, for the work is tedious, each experiment taking
rom 24 to 48 hours. = Moreover, if the investigation is to

e properly carried out, physical and chemical analyses of

. the clays will be required that could only be made in 2

'

Well-equipped physical laboratory.

- In connection with the earth slides experienced at
the Panama Canal, it has been suggested that in clay and
S!la]e cuttings there is a critical depth beyond which the
sides will not stand, and the author’s experiments on
Clays clearly show that for these this must be the case.

hfire ¢ is independent of the pressure, the depth of the
Cutting cannot affect the stability of the slope, but where
the angle decreases with the pressure, it is evident that
€ventually a depth will be reached beyond which its sides
Will not stand.

This decrease is clearly shown in one experiment on
mud, for which the angle for a pressure of 0.25 ton per
Square foot was 17 degs. — 15 min., which decreased to
2 degs. 10 min. at a pressure of 1.25 tons per square foot,
When it was little better than a liquid.

NO ROAD SHOW AT WINNIPEG.

It has been decided not to hold the Canadian and
Nternational Road Congress at Winnipeg this year, an-
Nounced Secretary McNamee at Toronto this week. The
first congress was held in Montreal in 1914, the second
In Toronto in 1915, the third in Montreal last winter, and
It was voted at the third congress that the fourth be held
n VVinnipeg. Secretary McNamee visited Manitoba re-
Cently, and now states that there is no building in that
€Ity which could house the exhibits, and that other con-
itions alse make it inadvisable to go west this year. .It
bas not been decided yet just where the congress will
€ held this year, but Ottawa is now being favorably
Mentioned.

ANNUAL, MEETING, TORONTO BRANCH, CANA-
DIAN SOCIETY OF CIVIL ENGINEERS.

th The annual meeting for the election of officers for

] e ensuing year was held at the Engineers’ Club on
Anuary 11th. Following will be the executive officers
Or the year:— .

\ Chairman, E. W. Oliver; secretary-treasurer, L. M.

; lrkley; executive, H. G. Acres, A. H. Harkness, T. T.
ack and E. G. Hewson.

A G. A. McCarthy, retiring chairman, will also act as
Member of the executive.

G Reports of the various committees were received.
by A. McCarthy was elected to represent the Toronto
ta;:‘:h on the committee of technical society represen-
i €s, recently organized to devise means by Whlch. en-
* eers who have not enlisted or undertaken munition
Ork may help in carrying on the war. It was suggested
inat a .committee be appointed by the executive to aid
themakmg mem'bers ?f the branch better acquamte.d, and
su hew executive will probably deal favorably with the
8gestion.
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POINTS OF INTEREST IN CONNECTION WITH
SOME CONCRETE BUILDINGS RECENTLY
ERECTED IN AND AROUND MONTREAL.

(Continued from page 49.)

In the second half of January, 1914, the weather was
very severe, and the top layer of concrete was quite frozen
as soon as laid down. The only precautions taken were

to heat the sand, stone, and water, and thoroughly clean .

the forms, tiles and steel with a powerful steam jet: The
floor when completed was left without any protection for
the balance of the winter. When work was resumed the
concrete floor was perfect, and the concrete was harder
and better than in similar floors made in very hot weather,

when no special precautions are taken to protect the con-'

crete from drying out.

These two buildings represent proof that not only
mass concrete but concrete floors from 2 in$. to 4 ins.
thick may be made in winter without any other precautions
than heating the materials. Any additional protection
after the concrete'is placed is not necessary, provided the
forms will remain until the concrete has set and acquired
the necessary strength to carry the imposed loads.

In cases where completion is essential, by a given
date, and the forms have to be removed as soon as
possible, special arrangements have to be made to cure
the concrete during the cold weather. Arrangements of
this kind were necessary during the construction in
Montreal of a seven-story building, at the corner of St.
Lawrence and Duluth Streets. The building was started
November 7th, 1913, and possession had to be given on
May 1st, 1914. There were about 2,000 yards of rock to
excavate. Concreting was not started until the end of
December, 1913, and was carried on during the winter
season, ‘ .

The cutside ‘walls being also of concrete, the follow-.

ing methods were followed :—

. Before any concrete was placed the forms for two
floors including walls were completed, the upper floor
serving as a protection to the lower one. The supports of
the upper floor were placed on concrete blocks. A com-
plete hot air heating system was installed in the basement,
and during the placing of the concrete, as well as during
the curing, a temperature of about 40° F. was maintained
in the building. All materials were heated, and the forms
as well as all stop joints were thoroughly cleaned with a
powerful steam jet. This method was used from begin-
ning to end, and the success was complete. The work
was going on day and night, irrespective of the weather,
and some of the floors were poured when the outside tem-
perature was about 20° below zero. Test blocks were
made on each floor, and left under the same conditions as

the floor. Before the forms of a floor were struck, the
blocks were investigated. The test blocks as well as the -

walls and floors showed clearly that in winter the setting
of the concrete takes place from the inside to the outside.
The heat generated by the chemical process of the setting
of the cement probably maintains the inner temperature
above the outside temperature, and these conditions are
probably more favorable to the setting of the concrete
than the ordinary summer conditions, when the outside of
the concrete is drying out and setting quicker than the
inside. There is also another fact in favor of winter-made
concrete and that is the elimination of laitance. This
elimination of laitance is more thorough in winter than in
summer. In columns poured in winter the laitance on the
top will be 2 ins. to 3 ins. thick, whereas in summer on a
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column of the same dimensions, and the same quality of
cement, the laitance will hardly be 34 in. to 1 in. thick. If
not removed carefully this laitance accumulating at the
top of columns and sometimes at the bottoms of beams
may cause trouble, and the success of winter-made con-
crete is to some extent dependent upon the careful removal
of the laitance. If concrete work can be carried on suc-
cessfully in winter, cement finish should not be attempted
at all. ’

The success of a cement finish depends on the ad-
hesion between the relatively thin coat of cement mortar
and the concrete base. It is easy to understand that the
freezing of the thin mortar finish will separate it from the
base, and failure must result. It is the bond between the
cement finish and the base, which is affected by frost, and
not the cement finish itself. 3 5

The question of winter-made concrete is very im-
portant, especially for Canada, where in many provinces
the winter season is longer than the summer, and it is
now well established that concrete operations can be and
are being carried on successfully in winter.

St. Michael’s Church.—A striking example of the
adaptability of concrete to complicated structure is given
by the St. Michael’s Church now being constructed at
corner of St. Urbain and St. Viateur Streets, in Montreal.

The church proper covers an area of about 170 ft. x
go ft. (exterior dimensions). There are really no columns
in this church, and the whole structure is built of plain
and reinforced concrete. The style is Byzantine. The
layout, from the general engineering point of view, was
made in detail by the architect, Mr. A. Beaugrand-
Champagne. The design of the dome and supporting
arches was by Prof. E. Brown. '

The church is founded on rock. The basement ceil-
ing is carried by flat arches 54 ft. clear span, having a
rise of 30 ins. The arches are 18 ft. centre to centre, and
are connected with a flat slab ¥ ins. thick.

The main auditorium is covered by a dome 74 ft.
diameter. This dome is carried by four full centre arches,
each 52 ft. diameter, which arches are being carried down
to rock by four strong tower abutments. The dome is
about 118 ft. above the sidewalk and 110 ft. above the
auditorium floor. !

The tower is 170 ft. high. The outside walls are all
covered with Greendale brick and terra cotta. The domes
and roofs, however, are finished in concrete, the domes
having received a colored waterproof cement finish about
1 in. thick, showing green shamrocks on a white field.
The green color was obtained by mixing a green pigment
with the ordinary cement, and the white coloring is ob-
tained by the use of Atlas white cement.

The main cupola is carried on a series of seni-
circular arches fixed rigidly into a heavy ring of concrete
reinforced with steel bars in the form of circular hoops.
There are six semi-circular arches, 36 ins. deep, 12 ins.
wide at the bottom, atd 6 ins. wide at the crown. At the
crown the arches are connected by a disk 4 ft. diameter
and 36 ins. deep. :

For the computing of the stresses in the concrete and
steel the total weight of the cupola, including suspended
ceiling, wind, snow, etc., was taken at 150 lbs. per square
foot, the cupola being of uniform thickness of 5 ins.

The six semi-circular ribs are reinforced with four
1 Y%-in. square twisted bars, two near the top and two near
the bottom and connected with stirrups about every 12 ins.
The cupola, which is of a uniform thickness of 5-ins., is
reinforced with half-round bars at 6-in. centre to centre.

~
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To ascertain that under the most unfavorable condi-
tions the stresses in the concrete and steel will always
remain within the safe limits many assumptions weré
made.

The cupola was first designed without ribs and of 2
uniform thickness of 8 ins., following the theory given by
E. Collignon ‘‘Cours de Mecanique, p. 631.”" The theory
as given by Collignon shows that in a spherical cupola the
stresses in the material used are independent of the thick-
ness of the cupola, and are determined only by the
diameter of the cupola and the specific gravity of the
material used. With hoops made of 4 square bars, and

placed g ins. centre to centre, the stresses in the steel con-
The thickness

crete would be kept within the safe limits.
of the cupola will be rather governed by the stiffness t0
be attained than by the safe stresses. However, taking
into consideration the large proportions of the cupola, it
was decided to provide arch ribs as described above, and
making assumptions rather more severe than the actual
conditions warranted, the stresses in the steel and concrete
were kept within the safe limits. Notwithstanding this
fact that the cupola was designed assuming unfavorable
conditions, from an economical point of view the concreté
cupola was the cheapest. As built, the cupola is- about
40% cheaper than a Gostavino tile cupola, and about 50%

cheaper than a steel structure fireproofed with concreté
or tiles.

: The half spherical cupola at the rear having 2
diameter of 52 ft. and the small 20-ft. cupola at the top

of the tower are of uniform thickness, and are reinforced
with hoops made of round %-in. bars.

The four main arches carrying the cupola, the canti-

levgrs and the arches in the basement were designed fol-
lowing the established methods. The winding stairs and
the large windows were also made of reinforced concreteé
although no established.formula were available.

The, Long Sault Development Co.’s project for the con:
struction of_ a dam across the St. Lawrence River in connec
tion with its power development scheme, has been finally
quashed, the U.S. Supreme Court having dismissed the com-
pany’s appeal against the ruling of the New York courts
annulling its franchise. This matter has been before theé
courts for several years, and has been persistently fought at
every stage by the Dominion Marine  Association and the
§h1ppmg Federation of Canada, on the ground that it would
interfere considerably with the safe navigation of the St
Lawrence River.

The committee on sewage works operati ri-
can Public. Health Association has g:adve o:nOfa:l}ﬁy?ixsneo
sewage treatment plants in the following fifteen states: Cali’
fornia, Illinois, Towa, Kansas, Maryland, Massachusetts:
Mlchxgan, aneso_ta,_ New Jersey, New York, Ohio, Penn”
sylvania, Texas, Virginia and Wisconsin. The total number
of plants reported Wwas 1,204. Of these, one-third are de’
signed for populations of less than 500; over one-half fof
populations between 500 and 10,000; and only 7 per cent
for populations over 10,000. Only 29 of the 1,204 plants aré
equipped with complete laboratories, and of this number 17
are in the State of Pennsylvania.

The Governor-General of Korea has issued new mining
laws to supplant those of 1906. They consist of 64 articles
base.d.on _the mining law of Japan. The most importad*
provision‘is that in future foreigners as individuals will be
prohibited fron:x obtaining mining concessions in the countr¥s
and the granting of such concessions is to be limited t0
Japanese subjects born or “legalized,”” and the latter m
have their head office in Korea. Mining rights already
existence and held by foreigners are mnot to be interferé
with. Priority of application will probably no longer ensuf®

the grant of mining rights, although this is mot express
stated in the new ordinance.

¢
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CANADIAN SOCIETY OF CIVIL ENGINEERS.

Every member of the Canadian Society of Civil
Engineers whose time is not occupied in munitions or
other war work should make a special effort to attend the
thirty-first annual meeting of the society in Montreal next
week,

~ To be present at a national gathering of the men of
his profession is a duty that every member owes not only
to himself but to the profession. The three days of
association with his fellow engineers next Tuesday,
Wednesday and Thursday will greatly benefit each and
€very one. :

Not to speak of the change of scene and air and the
other benefits of a little vacation of this sort, the new
ideas that will be gathered by each engineer who attends
the meeting, and the stimulus and inspiration t0 be ob-
tained from the contact with many of his most successful
fellows, will return to the traveller a big dividend upon
thf.’- comparatively small outlay. Attention is called 1n
this connection that the railways are offering return
Passage at single fare rates.

MERCIER’S REPORT ON THE AQUEDUCT.

Paul E. Mercier, city engineer of  Montreal, t}as
Submitted a report to the Montreal city controllers which
replies to the aqueduct criticisms made last November by
the. ratepaying  engineers of Montreal. Because 1t was
Written in English only, the report was not adopted by the
controllers, who referred it back to Mr. Mercier with the
request that it be translated into French. A Montreal
newspaper, however, secured one of the advance cCOples
of the report and has published liberal extracts from l:c.
Assuming that the newspaper has quoted Mr. Mercier's
report correctly, he apparently disagrees with the rate-
Paying engineers and flatly disputes their statements.

Mr. Mercier again intimates that the scheme has
already been reported upon by other engineers, an.d.he
Mentions other arguments that are differences of opinion
Tather than of facts, but a large part of his report is n?ade
Up of quotations of facts and figures which are materially
different from the facts and figures: set forth in the rate-
Paying engineers’. report. It should be easy for an im-
Partial board to determine which set of facts and figures
Is correct and to find why the discrepancies occur.

As an example of the difference in facts between the
two reports, it is noted that the ratepaying engineers say
that the capacity of he headrace would be reduc‘e_.d to an
average of about 7,000 h.p. in winter, even assuming that
N0 frazil troubles be experienced.  Mr. Mercier ?lalms
t}.)at water gauge . readings extending over a perlo‘d_ of
Nineteen years have been studied, and that the theoretical
Water horse-power was less than 13,000 for only one day.
In replying to the ratepaying engineers’ argument
that the bottom would be eroded, the retaining walls
undermined and much other damage done if higher
Velocities of water were obtained, Mr. Mercier says that

e does not think that a conerete floor would be so af-
fected. o

Editorial
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The ratepaying engineers state that about $5,200,000
has already been spent, including an allowance of $300,000
for boulevards, bridges, fencing and cleaning up, but no
allowance for the claims of the Cook Construction Co.
Mr. Mercier states. that the amount of money that has
been spent exclusive of filtration plant and pumping is
$4,013,510. About $5,581,000 will be required to com-
plete the work, says Mr. Mercier.

The ratepayers say that the minimum capital cost,
based on the maximum safe capacity of the plant as de-
signed, will be $1,515 per h.p.; Mr. Mercier says that the
capital cost will be $737 per h.p. if all items are charged
against the power development.

The minimum. fixed charges and operating expenses
will amount to $757,000 per annum, say the ratepayers;
they will amount to $479,800, says Mr. Mercier.

The minimum fixed charges and operating expenses
will be $108 per h.p. per annum, say the ratepaying en-
gineers ; this figure should be $40, says Mr. Mercier.

Mr. Mercier justifies an expenditure of $40 per h.p.
per annum, whereas the city is now buying power for $20
(twenty hours) to $30 (twenty-four hours) per h.p. on con-
tract from the private power companies, by asking who
can state what the city would have to pay for electric
energy in 1920, and by stating that the city cannot afford
to gamble on the problematic future cost of power ‘‘when
it can, at the actual market price, have its own water
power and street lighting system at a lower cost or even
at the same cost and be totally independent of any probable
future trust.””

It was pointed out in The Canadian Egineer, Novem-
ber 11th, 1915, that the power contract manager of the
Montreal Light, Heat & Power Co. stated that his com-
pany is preparsd to contract with the city for 10,000
h.p. (6,000 h.p. for pumping and 4,000 h.p. for lighting)
at $25 for 24-hour power or $20 for 20-hour power.

The Canadian Egineer also stated in the above-
mentioned issue that the city has the club that it could
use on the private power companies of going to Quebec
for a hydro-electric bill similar to Ontario’s in case a fair
contract with the companies should ever be found im-
possible.

Mr. Mercier suggests that a commission of two en-
gineers and one Business man be appointed to advise the
controllers. We heartily concur in this suggestion. In

the May 18th, 1916, issue of The Canadian Engineer sug-

gested that an independent commission should be ap-
pointed consisting of “three qualified engineers, a banker
who is conversant with the city’s finances—Sir Frederick
Williams-Taylor would be most acceptable—and, as chair-
man, some prominent Montreal business man who has the
welfare of the city at heart and who has been efficient and
successful in general business matters, but who has never
‘mixed in’ politically.”’

If Mr. Mercier’s suggestion of two engineers and one
business man be carried out by the controllers, we would
strongly urge that Sir Frederick Williams-Taylor be ap-
pointed as the business man and chairman of the commis-
sion, and that the Montreal city council appoint one of the
two engineers and the Canadian Society of Civil En-
gineers, the other.

-
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PERSONAL.

H. OCCOMORE has been appointed chairman of the
water commission of Guelph, Ont.

H. A. WOODS, M.Can.Soc.C.E., chief engineer,
Grand Trunk Pacific Railway, Winnipeg, is away on a
three months’ vacation, and it is understood he will resign.

Dr. FRANK D. ADAMS, of McGill Univers-ity,
Montreal, was chosen president of the Geologi'cal Socter
of America at the organization’s annual meeting held in

Albany, N.Y., on December 28th.

H. E. WHITTENBERGER, general superintendent
of the Ontario lines of the Grand Trunk Railway, suffered
a painful accident at Black Rock recently when the brake
lever on the rear of his private car flew around and struck
him across the forehead.

Major ARTHUR E. DUBUC, A.M.Can.Soc.C.E.,
commanding the 22nd Battalion, is among the officers
mentioned in the New Year’s honor list. He received the
D.S.0. Before going on active service he was the district

engineer in Montreal for the Department of Public Works.

He has been twice wounded.

Lieut. I. W. KLINGNER, of Toronto, who went over-
seas last February, going into the trenches in July with
the 1oth Canadian Engineers, has been awarded the
Military Cross. He is a graduate of the School of Prac-

tical Science, and was connected with the C.P.R. con-
struction department.

E. P. MATHEWSON, general manager of the
British America Nickel Corporation, Limited, Royal

Bank Building, Toronto, was awarded the gold medal of -

the Metallurgical Society of America for his achievements
in metallurgy during the past year at the annual meeting
of the society held in New York recently. Mr. Mathew-~
son was educated at McGill University.

Temporary Major WILLIAM GRANT TYRRELL,
son of Dr. J. B. Tyrrell, 546 Sherbourne Street, Toronto,
has been mentioned in despatches for distinguished con-
duct at the front. He was in charge of railway construc-
tion work with the British Expeditionary Force in Egypt.
He is a graduate of the R.M.C., Kingston, and belonged
to the Royal Engineers. At one time he was in charge of

the construction of military camps in the province of
Quebec.

W. P. COOK, chairman, Public Utilities Commis-
sion, Port Arthur, Ont., and M. M. INGLIS, manager,
Port Arthur Civic Railway, who attended the American
Electric Railway Association’s annual convention at
Atlantic City recently, presented a report upon improve-
ments in connection with the operation of street railways
and their adaptability to Port Arthur’s needs, at a meet-
ing of the Port Arthur Public Utilities Commission
recently. ; :

A. K. GRIMMER, A.M.Can.Soc.C.E., of St.
Andrews, N.B., has been given a commission in the
Canadian. Engineers. Lieut. Grimmer was graduated
from the University of New Brunswick in 1904, and after-
wards was city engineer of Fredericton for two years and
also filled the same position at Medicine Hat for about five
years. He was later engaged on the teaching staff of the
University of Manitoba, Winnipeg, and just recently re-
turned to St. Andrews, where he began private practice.

GEORGE HERBERT DAWSON, B.A.Sc., A.M.
Can.Soc.C.E., surveyor-general of British Columbia, has
resigned that position. Mr. Dawson, who was born in
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Quebec 50 years ago, went to the Pacific coast in 1889
after having been in the engineering department of the
C.P.R. for three years on the Quebec division. He occu-
pied the position of assistant city engineer in Vancouver
for two years and later he was engaged in private practice
in the same city for about ten years. He was al.)pomted
to the position he has just vacated in 1911. Since the
start of the war Mr. Dawson has been given the appoint-
ment of western representative of the Imperial Munitions
Board.

OBITUARY.

BERTRAM DAWSON, president of the Dickson
Bridge Works Co., Campbellford, Ont., died on Decem-
ber 31st, at the age of 36 years. 5

Lieut. ARTHUR JAMES MOTYER, B.A., B.Sc.,
formerly engaged as an engineer by the Canadian West-
inghouse Co., Hamilton, has been killed in action.

Lieut. E. GUY DUNSTAN, son of Mr. Kenneth J.
Dunstan, manager of the Bell Telephone Company,
Toronto, who was reported missing in July, is now stated
to have been killed in action.

HUGH McCULLOCH, president of the Goldie &
McCulloch Co., Limited, Galt, Ont., passed away on
January 8th at the age of 61 years. He was born in Galt
on September 7th, 1856, and was educated at the Whitby
Grammar School and Upper Canada College, at the com-
pletion of which he served an apprenticeship in the shop
of which his father, the late Mr. Hugh McCulloch, Sr.,
was then president. 'When the company was incorporated
in 1891 and took over the business of the firm of Goldie &
McCulloch, he was appointed secretary-treasurer, which
position he held until he was elected vice-president in 1898,
assuming the presidency on the death of his father in
September, 1910. Mr. McCulloch was closely associated
with ivarious other manufacturing concerns in Galt, hav-
ing been at the time of his death vice-president of the
Galt Malleable Iron Co., Limited, also of the Galt Art
Metal Co., Limited, and a director of the Galt Gas Light
Company.

THOMAS MALCOLM, one of the best-known rail-
way contractors in the Maritime Provinces, died recently
at Campbellton; N.B., after a prolonged illness. He was
born in New Brunswick in 1854, and was employed at an
early age in the construction of the Intercolonial, while
later on he was connected with the late John J. Macdonald
on section B of the Canadian Pacific around Lake Superior.
With Messrs. Boswell and Ross he built the Temiscouata
Railway from River du Loup to the head of the St. John
River. Some years ago Mr. Malcolm secured a charter
for the construction of a line of railway from Campbellton,
N.B., on the Bay de Chaleurs, to St. Leonards, on the St.
John River, a distance of 110 miles, and for years he put
his ‘best, energies into the construction of this enterprise,
which he considered of vital interest to the province and
to the Dominion, the road being completed several years
ago under the name of the International. Some time since
the International was leased by the Dominion Government *
with a right to purchase, and is to-day opérated as a part
of the Intercolonial. Mr. Malcolm was at one time in-
terested with the late Hon. John Costigan in the Quebec
& New Brunswick Railway, a line surveyed over about the
same route as that followed to-day by the Grand Trunk

Pacific from Chandiere to Moncton, but the government
took over that work.




