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PREFACE.

It is with no little satisfaction that this, the fifteenth annual

edition of the proceedings of the E 1)“!1!(1‘1111“ wociety of the School

of Practical Science, is presented to the members. The high stand-
ard set in previous editions is quite equalled by the quality of the
papers here published. It is an evidence of the esprit de corps char-
acteristic of “School ” men that the graduates of our college have
the will to find the time and energy necessary for the preparation
of essays for the information and inspiration of our members.
Special attention might be drawn to the papers of Messrs. Haultain
and Mitchell dealing with the relation of the young graduate to his
profession. The discussion by Mr. Mac :Murchy defining a special
relation of the engineer to his employers is also noteworthy. Two
very practical papers are those of Messrs. Thomson and Francis,
the one describing an up-to-date method of solving a “ticklish
problem; the other giving information upon an interesting and
unique part of the construction of one of our newest highways of
commerce,

Let the motto of the Society, as well as of the School, be ever:
Scite et Strenue.

This edition consists of 1,500 copies.

W. G. CHACE.




CONTENTS.

President’s Address ........ccovviivinenn. R. H. Barrett, 01
One Timber Bupbly ..ccovoveeenrris vvvod. A, DeCew, ’96
Forestry and Engineering ................. Thos. Southworth
The Use of Iron and Steel in Mines ...... D. L. H. Forbes, ’02

Bacterial Method of Sewage Disposal. .

Chas. H. Rust, C.E., M. Can Spc. C.E.

The Underpinning of the West Wall of the Stokes Building. .
T. Kennard Thomson, C.E., M. Am. Soec. C.E.
Concrete Culverts ..A. W. Campbell, Asst. Commr. Public Wks.
A Modern Ship Building Plant ......... J. Roy Cockburn, 01
The Young Graduate and the Profession of Mining Engineer-
MR svinivnn s H. E. T. Haultain, C.E., A.M. Can. Soc. C.E.

=)
The Position of an Engineer as Arbitrator under the Contract.
Angus MacMurchy, B.A.
Notes on Aluminum Conductors ......... F. C. Smallpeice, *98
The Behaviour of Steel under Stress ..C. H. C. Wright, B.A.Se.
Bridge Foundations and Abutments..J. H. Jackson, 0.1.S. 03
The College Graduate and His Specialty. .
Chas. H. Mitchell, C.E., A.M. Can Soc. C.E.
The Hydraulic Lift Lock on the Trent Canal, near Peter-

borough .. ... Walter J. Francis, C.E., A.M. Can. Soc. C.E.
ST ROBORE .. .ioissoninns sasennpes E. A. James, 03
I IS o .5 ¢ 0055 5 oa 608 6608600 KB4NASSSVSI0 BEES S

Index to First Fifteen Numbers ............ v'ov'rrnnnn.

PAGE,

19

81
90
101
114

119

123

R. H

Tr
B A, ) ¢

Fourth-Y
H. I

Se




GENERAL COMMITTEE, 1901-1902.

President :

Vice-President ;
R. H. BARRETT, ’or.

R. V/. MORLEY, ’o2.

Rec. Secretary :

Cor. Secretary :
F. W. RUTHE RFORD, '04.

T. S. NASH, ’o2.

Treasurer . Librarian :
B A, JAMES, '03. A A, WANLESS, 'o2.

Editor:
W. G. CHACE, ’or.

Asst. Librarian :

Graduates’ Representative :
F. A. GABY, '03.

W. A. DUFF, ‘or.

Fourth-Year Representative : Third-Year Representative :
H. P. RUST, ‘or.

D. SINCLAIR, 'o2.

Second-Year Representative :

First-Year Representative :
M. A. STEWART, 'oy4.

P. M. YEATES, 'o4.




LIST OF MEMBERS.

J. Galbraith, M.A., M. Can. Soc. C.E.

W. H. Ellis, M A,,

Allan, J. R., O.L.S. '92.
Allen, T. R.
Anderson, A. G., '92.

Arngus, R. W., B.A.Sc,, '94

Ardagh, E. G. R., B.A.Sc. Darling, K. H., '98

0.

Armstrong, J., B.A.Sc.,
O.L.S., ’95.

Apsey, J.F., O.L.S,, '88

M.B.

HONORARY MEMBERS.

LIFE MEMBERS.

E. J. Chapman, Ph.D., LL.D.

A, P. Coleman, M.A., Ph.D.

Clement, W, A., A.M, Can. James, D. D., B.A,,

Soc. C.E., '89.

B.A.Sa.,, O.L.S., '91.

Connor, A. W., B.A,, C.E, Jab, H. E., B.A.Sc., '94.

95,

Johnson, Geao.
Johnston, A. C., B.A.Se.,

Deacan, T. R., O.L.S., '91. 'y4,

Dobie, J. 8., B.A.Sc.

0O.L.8S., "95.
Duff, J. A,

Johnston, 8. M., B.A.Se.,
P.LE. '

'O, Keele, J., B.A.Sc., '93.

Ashbridge, W. T., C.E., 88, Duggan, G. H., M. Can. Soe, King, C. F., '97.

Bain, J, W., B.A.Sc., '96.

Ball, E. F., A M. Can. Soc. Dunn, 'I. H., '93.

C.E,, '88.

Ballantyne, H. F., B.A.Sc., Evans, R. B "85,
Ewart, J. A.,
Fairchild, C. C., D.

'93.
Barrett, R. H., 01.

Beauregard, A. T., B.A.S¢,,

04,
Bergey, A. E., '04.
Blackwood, A. E., "05.
Boswell, E. J., O.L.S., '95.
Bow, J. A., '97.
Bowman, F. M., 0.L.8.,
C.E., ’90.

Brodie, W. M., B.A.Sc., '95. Gibson, H. H., O.L.S.

Goldie, A. R., "93. ac
« Goodwin, J. B., B.A.Se., '92. 92

Bucke, M. A., M.E., ’90.

Bucke, W. A., B.A.Sc., '94

Burns, D,, O.L.S., A.M.
Can. Soc. C.E., ’83.

Burwash, L, T., ’96.

Canniff, C.M., ’88.

Carey, B., '89.

Carpenter, H. 8., B,A.Sc,,
O.L.S., '97.

Carter, W. E, H.,, B.A.Sc.,
U8,

Chalmers, J. C., O.L.8., '94, Hicks, W. A. B., '97.

C.E., 83.

Kirkland, W, A.
Laing, A. T., B.A.Sc., '92.

Elliott, H. P., B.A.Sc,, "96. Lane, A., 0.L.S., '91.

O.L.8., "92,

Forward, E, A., '97.
Fowler, C. P.

Francis, W.

NSoe. C.E., '93.
Fraser, A. T.

Gibbons, J.,
"88.

Laschinger, E. J., B.A.Se.,

B.A.Sec., '94. 92,
& Lash, F, L., '93.

Lea, W. A,, B.A.Se., '92.
Lea, E, P,
Leask, J. D.

Can. Lott, A. K., ’87.
Main, W. 1\, '93.
Marani, C. J., 'SS.

’

. & O.L.8., Martin, I, B.A.Se., '96,

Martin, F. A,, M.B,, O.L.S
"87.
Macallum, A, F., B.A.Sc.,

Gray, A. T., B.A.Sc., '97. Macbeth, C. W., B.A.Sc.,

Hanley, J. B.

"96.

Haight, H. V., B.A.Se., ’06, McAllister, J. E., C.E.,

Hare, W. A., B.A.Sc.,

'99. B.A.Se., '91.

Harkness, A. H., B.A.Sc., McAllister, A. L., B.A.Sec.,

5.
Haultain, H.
'8Y,

93

. T., C.E., McAree, John., B.A.Se.,

D.T8,, '82.

Herald, W. J., B.A.Sc,, 94, McChuson, A. J.

McCollum, T, B.

Charlesworth, L. C., 0.L.S., Holcroft, H, 8., B.A.Sc,, McCullough, A. L., O.L.S.,

"93.

00.

A.M. Can, Soc. C.E., '87.

Chewett, H. J., B.A.Sc., Hull. H. 8., B.A.Sc.,, '95. McDougall, J., B.A,, A.M.

CE, AM. Can Soc

C.E., '88.

Chubbuck, L. B., B.A.Sc., Irvine, J., 89,

99,

Hunt, G. A,

Inst. C.E., '84.

Hutcheon, 8., O.L.S., '90. McFarlen, T. J., '93.

Irwin, J.

McGowan, J., B.A,,
B.A.Se., '95.

MecKinnan,
'95.
McKay, 0.,
McKay, W,
McMillan, J

00,
MePherson,
D.L.S,, ’Y3.
McPherson,*
Mc’l‘nggart,
Y4,

MecVean, H,
Merrill, E. B
B.A.Se., '9
Middleton, H
Milne, C. G.,
Mines, W. H
Minty, W., |
Mitchell, (.,
C.E., A.M, (
"2,

Mickle, G. R

Mollins, C. B

Moore, J. E.

Neelands, E.
"O0),

Newman, W.,
Can. Soe. (.

Acres, H. G.,
Alexander, J, |
Alison, J. G.
Allen, C, W.,
Angus, H. H.,
Arens, H., "04.
Baldwin, F, W
Baldwin, G. W
Bangham, J.,
Barber, H. G,
Barrett, J, H.
Beatty, H. £..
Beatty, J. A.,
Begg, W. A., (
Blaine, T. R., *(
Blair, W, J., "0
Boeckh, J. C.,
Bonnell, M.B.,
Boswell, M. C.,
Bowles, G. W.,
Brandon, E. T.
Bridgeland, M. F
Brown, J. H., '0
Brown, T. E, 0
Bryce, R. A., 0.
Burd, J. H., '03.

[

’




LIFE MEMBERS—Continued,
McKinnan, H, 8., B.A.Se., Paterson, C.K,

P e e

Speller, ¥. N., B.A.Se., '93.

'Y5. l’iulu-y, Col., D& 0.L.8., Squire, R. li B.A.Sc., b
McKay, 0., O.L.8., '85. ULb "93. g
McKay, W. N., '95. llp(- A. G. . Stern, E. W,, '84, :
McMillan, J. G., B.A.Se., llunulfuot "W, 9 No\\urt L B D.L.S,, '

00, Raymer, A. R, "‘4 D.T.8 ¢
MecVPherson, A. i B.A.Se., liuh‘uns E. B A.Sc., ’99, Stac lmn.:, .0, 8D,

D.L.N,, '93. l{l(h.udwn (x P 8“ Stovel, R. H,

McPherson,"C. W., 0O.L.8. Robinson, " D & Stul, W. W, B.A.Sc., 1
McTaggart, A, L., B.A. Se., O.L.S., ’9.'». O.L.S., '97. !
04, Ralph, H., ’04. Symmes, H. 0., '91, !
McVean, H. G., '01, Rose, K., ’88, Taylor, W. V., '93, h
Merrill, E. B., B.A,, Ros(-ln'ugh, T. R, M.A., '89, T ummm 1 0. B.A.Sec., i
B.A.Sc., '90, Ross, J. K., D. & 0.L,S.,'s8.  '99. ;i
Middleton, H. T., '01. Ross, R. A., E.E.. '90. Thomson, T. K., C.E., ii
Milne, C. G., B.A.Se., 92, Russell, I, 8., O.L.8, M. Am. Soc. C.E., ‘86. s,
Mines, W, H., B.A.Sec., 03, Scott, W. F., '97. Thomson, R. W., B.A.Se,, 1
Minty, W., BR.A.Se. 04  Shq inks, Thos., B.A.Sc., '99. 92, i
Mitchell, C. H., R A.Se., Shaw, Jl:l'.. . 0.1L.8. Tremaine, R, C. C., :
(' E., ‘\ M. Can. Soe. C .E., Shields, J. D., B.A.Se., 93, B.A.Se., '95. ’,;

92, Shillinglaw, ¥, H, Troupe, G. E. i
Mickle, Q. R., B.A,, ’&8, Shipe, R. R., '94. Tye, A, T, i
Mollins, C. B. Shipley, A. E., B.A.Sc., '08, Webster, B, B. ’
Moore, J. E. A, C.E., 1. Nifton, E. 1.

Weldan, E. A., '97.
»  Silvester, G, K., O.L.8., '91, Wickson, F. R

Neelands, E. V., B.A.Se

f 00, Nims, H. B. Wilkie, . l
i Newman, W., O.L.S., A M. Smith, Angus, O.L.8., 94, \\'ri::hr, O H ., B.A.Sec., !
Can. Soe. C.E., '91. Smith, A. H. '88,

ORDINARY MEMBERs,

s

Acres, H. G., '03. Burgess, E. L., '03, Cousins, E. L., 04,

Alexander, J, H., B.A., 3. Burley, R. J., '04. Cowan, W, A., '04.

Alison, J, G. R., ’03. Burnham, F. W., '04. @raig, b E., ’04.

Allen, C. W., 04. Burwash, N. A., '03. Crerar, 8 ]{ 04,

Angus, H. H., '03. Calder, J, W., '04. Culbert, \I 'l‘., 2, |
Arens, H., "04. Cameron, N, C., '04. Cumming, R., '02. d
Baldwin, F. W., Campbell, A. J 04, Currie, W, \I 04, ;
Buld\\m G. W, Campbell, A. M., "03. lm\mm, A, L 03. §
Bnngh.lm de ’(H Campbell, A, R., '02. Depew, H. H., '0.'{ l
Barber, H, G., '02. Campbell, W., '02. Douglas, W, l‘).. B.A., 02, f
Barrett, J. H. '04. Cass, G. A., '04. Dunlop, R. J., *02. é :
Beatty, H. £., '04. Challies, J. B., '03. Dunn, H, C,, 04, :
Beatty, J. A., ’03. Chace, W, G., '01. ]ul\(m D. B, Ul.

Begg, W. A., '04. Chase, A. V., "04. Edw ﬂuk W. M., '02.

Blaine, T, R., 04, Chilver, C. W., 04, Elder, A, J. i i

Blair, W, T, "02. Chilver, H. L., '04. Elwell, W., '02.

Boeckh, J. C., '04. Christie, N, W.. '04. mem J. M., '02.

Bonnell, M.B., '03. Christie, W., 02, Evans, H, \V '04.

Boswell, M. C., 00. Coates, P, C., '04. Fee, T., '04,

Bowles, G. W., '04. (ml\hnrn. J. R., '01 Immom 5 J OB

Brandon, E. T. ¥ 00, Code, S, B., '04. Field, J J., '04.

Brld"(']nnd M. P, B.\ , 03, Code, 'I‘ F.. '04. Fleck, J. (‘ 04,

Brown, J. H., 02, Canlon, F. T., '02. Fletcher, H M., '04.

Brown, T. E., '04, Connor, H. V..’ 02, Forbes, D. I.. H '02.

Bryce, R. A.. 04, Corbett, J. T., 03, Ford, A. \I ,,J04,

Burd, J. H., '03. Coulson, C. L., '03. Ford, B. / s 108;




Faster, W. J., '04.
Fuce, E. 0., '03.

Gaby, F. A., '03.

Gardner, J. C., '03.
Gibson, A. E., '02.
(ibson, W. 8., '04.
Gillespie, Y., '03.

Goodall, J. N., '04.
Goodwin, A. C., "02;
Gordon, J. P., ’03.

Gordon, W. C., B.A., '03.

Gourlay, W. A., '03.
Gray, A., ’03.

Gray, W. W,, ’04.
Greene, E. A., "04.
Greenwood, W. K., "04.
Gzowski, H. N., "03.
Hamilton, J. T., '03.
Hanes, G. 8., '03.
Hara, L. D., '04.
Harconrt, F. T., '03.
Harris, C. J., '04.
Harvey, Chas., '01.
Hayes, L. J., "03.
Hellmuth, H. 1., 04,
Henderson, I'. D., '03,
Henderson, T. D., '04,
Henry, J. 8., '02.
Henwood, C., '02.
Heron, J. B., "4,
Hill, E. M., '04.

Hill, 8., ’04.

Holmes, O. B., '04.
Horton, J. A., '03.
Horwood, H. O., 04,
Howard, J. A., '04.
Ingles, C. J., '04.
Irving, T. C., '04.
Jackson, E. R., "4,
Jackson, J. G., '03.

Jackson, J. H., O.L.S., '03.

James, E. A., '03.
Jamieson, C. W, '04,
Jermyn, P. V., '04.
Johnston, C. K., ’03.
Johnston, D. M., 02,
Johnston, J. H., '03.
Johnston, J. W., '04.
Keefe, W, 8., '04,
Kernahan, M. G., '03
Knight, R. H., '02,
Laing, P. A., '04.
Lang, A. G., '03.
Larkworthy, W. J., "03.
Latornell, A. J., '03,
Legate, W. B,, '04.
Tegge, A. H., "04.

ORDINARY MEMBERS—Continued.

Little, J. C., '04.
Mace, F. G., '02.

Mackay, J. J., O.L.S,, "03.

Mackay, J. T., '02.
Mackenzie, C. H., '04.
Mackenzie, K. B., '04.
Madden, J. T., '02.
Maddison, W. W., '04.
Manchester, C. 8., '04.
Manson, C. J., '04.
Marquis, . P., "04.
Marriott, F. G., "U3.
Marrs, G, H., '02,
Mathison, P., '02,
Maus, C. A., '03.
McAuslan, H. J., '03.
McBride, A. H., '02.
McCuaig, O. B., '04.
McEwen, D. F., '04.
McEwen, G. O., '04.
McFarlane, J. A., '03.

McGibbon, C. P., B.A,, "04,

McKay, C. D., '04.
McLennan, A. L., '02.

McMaster, A. T. C., '01.

McMillan, D., '04.

MeNaughton, A, T.., 03,

Mennie, R. 8., "02.
Merritt, R. N., '04.
Miller, M. L., '03.
Mills, J. E., '04.
Milne, W. J., '03.
Mitchell, P, H., '03.

Montgomery, R. H., '03.

Moore, B, E., '04.
Moore, F. A., '02.
Moore, H. H., 02,
Moorhouse, W. N., '04.
Morden, L. W., "04.
Morley, R. W., 02,
Marton, P. H., "03.
Mullins, E. E., '03.
Munro, C. G., '04.
Munro, W. H., '04.
Nash, T. 8., '02,
Nevitt, T. H., '03.
VRBrien, D. B., '04,
Oliver, E. W, '03.
Oliver, J. P., '03.
O’Sullivan, J. J., '04.
Pace, G., '04.

Pace, J. D., '03.
Pardoe, W. 8., '04,
Park, J. P., '04.
Patten, B. B., '03.
Peaker, W, J., '04.
Phillips, E. P. A,, '04.

Philp, D. H., 'u3.
Pickering, A. E., '04.
Pinkney, D, H., '03.
Plunkett, T, H., '03.
Porte, W. B., '03.
Powell, G. G., '02.
Price, H. W., 01,
Pullen, E. F., '04.
Ramsay, G. L., '04.
Ratz, W. F., '02,
Raymon, D.L.C., '04.
Reid, F. B., '04.
Reynolds, G. B., '04.
Riddell, M. R., '04,
Rigsby, J. P., '03.
Robertson, H. D)., 02,
Robertson, D. F., '03.
Rabinson, L., "04.
Roddick, J. O., '04.
Rogers, W. R., '04.
Ross, R. B., '03.
Roxburgh, G. 8., "04.
Rundle, L. P., '04.
Rust, H. ., '01.
Rutherford, F. N.. '03.
Sauder, P. M., '04.
Sauver, M. V., ’01.
Schell, F. 8., '04.
Scott, G, 8., '04.
Serson, M. V., 04,
Seymour, H. L., '03.
Shepley, J. D., '04.
Shipe, H. M., '03.
Sinclair, D., '02.
Slater, F. W., '04.
Small, H. 8., '03.
Smallpeice, F. C., '08.
Smart, R. 8., '04,
Smith, D. A., '04.
Smith, H. G., '03.
Smith, J. H., 08,
Smither, W. G., '04.
Southworth, H. 8., '04.
Steele, 1. J., 02,
Stevenson, W. H., '01.
Stewart, M. A., '03.
Stover, C. B., '04,
Street, P. B., '04.
Stroud, A., '04.
Sutherland, W. H., '02.
Syvkes, ¥. H., 04,

Tait. R. T., '04.

Tait, B. L., '04.
"aylor, T., '02.
Teasdale, C. M., '02.
Thompson, H., P., '04.
Thomson, J. E., '04.

e SO

by
g

Thomson, S. E., '04
Townsend, C. J., '04
Townsend, D. T., (
Trees, S. L., '03.
Trimble, A. V., '04.
Tucker, B. B., '04.
Umbach, J. E.,, '03.
Vaughn, J., '04.
Wade, E., '04.
Waldron, J., '03.
Walker, E. W., 04




Thomson, S E., '04,
Townsend, C. J., '04.
Townsend, D. T., '04.
Trees, S. L., '03.
Trimble, A. V., '04.
Tucker, B. B., 04,
Umbach, J. E., '03.
Vaughn, J., '04.
Wade, E., '04.
Waldron, J., '03.
Walker, E. W., "04.

ORDINARY MEMBERS—Continued.

Wanless, A, A, '02,
Wass, S. B,, ’03.
Watson, J. P., '04.
Weddell, R, G., '04.
Weir, J. M., "04.
Wells, A. F., '04.

Whelihan, J. A., '03.

White, H. F., '03.

Wickett, W. E., '04.

Wilkie, J. H., "04.

Williams, C. G., '03.

Wilson, J. M., '04.
Wilson, N. D., "03.
Wilson, W. H., '04.

Worthington, W. R., '03.

Wright, R T., '94.
Wright, W. F., '04,
Yeates, P. M., '04.
Young, (. R., '03.

Young, V. H., '03.
Zahn, H. J., "02.




OBITUARY NOTICE.

During the present term the grim reaper, Death, has
removed one of our undergraduate members, William Ed-
ward Costin, who died January 16th, 1902. For several
months he suffered from a sarcomatous growth which finally
bafiled the best medical skill that could be procured.

He was the only son of W. L. Costin, M.D., and was a
native of Oxford county. After attaining senior leaving
standing at Woodstock Collegiate Instituge, he taught for
about three years, and then entered S. P. S. in a course of
Civil Engineering with the present graduating class, obtain-
ing honor standing in his first and second years.

On account of his many winning qualities he made many
warm friends among the students, who feel that they have

lost a true and noble-hearted schoolfellow.

We regret to have to record the death of another of our
undergraduate members, John A. Nelson, a student in the
Mechanical and Electrical Department of the first year. He
was the youngest son of Mr. J. C. Nelson of St. (atharines,
and was a general favorite among those who made his ac-
quaintance during his short term here.

He was taken ill on Wednesday, January 1st, 1902, with
appendicitis, and, after a week of intense suffering, died at

the home of his parents.
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ENGINEERING SOCIETY

OF

The School of Practical Science
TORONTO.

PRESIDENT’S ADDRESS.

GENTLEMEN: As this is the first occasion on which it has been
my pleasure to meet the Engineering Society since you did me the
honour of electing me President of this honourable body, I welcome
the opportunity of thanking you for the confidence you have placed
in me. The Engineering Society has been presided over by men
who have achieved the highest success in the engineering world.
Our Society represents a School of Engineering which is second to
none in Canada. These things impress upon me the weight of
responsibility I have assumed in accepting this office. But I am
reassured when I consider the strong, energetic committee with
which you have surrounded me; and with your hearty co-operation,
we shall endeavour to continue that progress which has so markedly
characterized the history of our Society.

I would call your attention to the great interest taken in the
department of engineering, as evidenced by the increasing number
of students entering each year. To the gentlemen of the first
year who are about to become members of our Society, I would
extend a hearty welcome. Enter at once into the life of the Society.
Do not wait till your second or third year, to feel that you are a
part of its workings. It is unnecessary for me to go into a discus-
sion of the objects of the Society, or the advantages to be gained
by contributing papers. These have been very thoroughly laid
before you in the addresses of a number of our former Presidents
It will pay you to read them up. Suffice it to say, that the Society
needs your help and you need the Society’s help. To these ends
1 would ask you to take an interest in everything pertaining to the

8.P.8. \




2 THE PRESIDENTS ADDRESS.
Qociety, contribute a paper if you can, ask questions and be ready
for a discussion after every paper that is read.

The Engineering Society being representative, as it is, of the
whole student body of the School of Practical Science, I wish to
refer to a few things of general interest.

During the past year there occurred an event which will

remain a landmark in the history of our institution. 1 refer to the

banquet tendered by the gr
honoured Principal, on the twenty-first anniversary of the

aduates and undergraduates of the School
to our
birthday of the School of Practical Science. The gathering was 2
most ]'t‘])l‘\‘\‘l‘lllzlli\'(' and enthusiastic one, indicating the high esteem
in which our Principal is held.

At the conclusion of his address on that occasion, Principal Gal-
braith made an important announcement. To use his own words: A
week ago the Senate of the University passed a statute which provides
that the School of Practical Science, the teaching staff, examiners and
students, together with examiners for the degrees in applied science
and engineering, shall ex-officio constitute the Faculty of Applied
Science of the University of Toronto. By this statute the powers
of the Senate with reference to the degrees, and those of the School
with reference to the curriculum and work of instruction, as also
the statute respecting affiliation, remain unaltered. The result is
that the University gains without expense a fully equipped Faculty
of Applied Science, and in this respect puts itself on an equality with
the other great Universities of the continent; while on the other
hand, the School gains public recognition of the fact that its work
is of equal rank and dignity with that of the ancient faculties of
Arte, Medicine, and Law. This action of the Senate forms a fitting
close to the history of the School in the nineteenth century.”

In view of the fact that we are now a full fledged faculty, on
equal standing with the faculties of Arts, Medicine, and Law, it
behooves us that we enter more fully into the student life of our
great University.

In respect to athletics no fault can be found. * School-Cups !
has been the war-cry which has cheered on to victory our athletic
champions on many a hard fought field. There are, however, other
phases of University life into which we do not enter with such zeal.
We might mention the Varsity paper, an excellent publication, in
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which we should manifest a greater interest. The Dining Hall and
the Students” Union are new departures, and should be powerful
agents in cementing the union of the different faculties. In loyalty
to the School our men have been true to the core. ILet us now
extend our sympathies, and without, lessening in the least our love
for old S.P.S., let us join with a fervor characteristic of school men,
in sounding the fame of this great University of which we form no
unimportant part.

The upper years of the School will remember that last spring
an enthusiastic delegation from this institution crossed over to the
Parliament Buildings and made representations to the Government
setting forth the urgent needs of the School. They will also
remember that later the Legislature decided to devote $200,000
to Science, $50,000 of which was to be immediately available.
During the summer Professors Galbraith and Wright visited many
of the American Universities, inspecting the Applied Science
Departments with a view to the best methods of constructing and
equipping the new buildings. Also J. W. Bain, B.A.Sc., who has
been in Europe the past summer, visited the chemical departments
of a number of the universities on the continent, with the same end
in view. They have submitted their report to the Government.
The Provincial architect is busy preparing plans to be submitted to
the Council for their approval; and it is probable that the contract
for the construction of the new building will be let this Fall. The
site of the new building will be somewhere in the vacant plot owned
by the University on College Street. It is to be hoped that every
effort will be put forth by the Government in order that the new
building will be constructed as soon as possible. We all know that
already, owing to the insufficient accommodation, small teaching
staff and poor experimental equipment, that the needs of the students
are far from being supplied.. :

As a result of the energetic efforts of Capt. Lang and Licu-
tenant Burnside, the Toronto Engineer Corps is now a reality; and
a striking reality it proved itself to be during the recent visit of the
Royal Party. In the Royal Review on Friday, the Duke remarked
on the smart appearance of the company, and during the afternoon
of the same day while forming a “ Guard of Honor” for the Royal
Party on their visit to the University, it again came in for con-
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B THE PRESIDENTS ADDRESS,
gratulatory remarks. The company at present musters fifty-eight
men, and nearly all are men of the School of Practical Science.
We shall hope that before long their numbers may be doubled.
When the men have all qualified in drill, the chief work which is
the specialty of an Engineer Company will then be proceeded with.
This work consists of field work, earthing, use of spar, bridging,
ete. Good advancement may be expected, considering the speed
with which the preliminary drill was mastered. A full supply of
engineering stores has been provided, including outfits for signalling
and telegraphing.

There has been some discussion, perhaps some dissatisfaction,
in regard to the Library of the School. The following may prove
some enlightenment on the subject. The chief officer is the
Librarian appointed by the Council, who is made responsible for
the management of the Library over which he has control. The
students elect by ballot at their general elections two representatives
—first and second assistants—who do the actual work in connection
with the Library. A catalogue has been printed and is accessible to
all members of the Society. In this catalogue, opposite the names of
the volumes, are letters indicating the libraries of the Professors in
which the volumes may be found. Where no letter occurs opposite
the volume, it will be found in the General Library of the School.
The volumes in the respective libraries of the Professors are
permanently located there. These books may be procured subject
to the ordinary regulations, by applying to the Professor. Each
Professor in this way acts as an assistant librarian,

We are all glad to know that the health of our Lecturer in
Applied Mechanics, Mr. Duff, has so far improved that he is able
to resume his duties in the School. We all join in welcoming him
among us, and trust that we may have his genial presexce at our
meetings in the coming year.

I might call your attention to the appointment of Mr. Monds
to the position of Demonstrator in Mechanical Engineering, to that
of Mr. Chace to the Fellowship in Electricity, to that of Mr. Craig
to the Fellowship in Mechanical Engineering, and to that of Mr.
Ardagh to the Fellowship in Chemistry.

In preparing this paper on “ Engineering as a Profession,” I
cannot claim entire originality. My experience so far .has been
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limited, and if you find some of my ideas too far advanced for a
Fourth-Year man, I can plead with Kipling—

When ’Omer banged his bloomin’ lyre,

E’d ’eard men sing by land and sea;

And what ’e thought ’e might require,

’E went and took the same as we.

ENGINEERING AS A PROFESSION.

The profession of engineering is an honoured and honourable
one, but its place in the public estimation is not yet where its merits
and services would place it. In Europe the standing and remuner-
ation of the engineer are second to those of no other professional
man. England recognizes the services of her engineers by honours
and emoluments. The Engineers of the Forth Bridge were knighted
in recognition of their services. Public measures and acts of par-
liament are largely influenced by their advice and direction. Manu-
facturing and industrial operations are largely managed by engineers
instead of so-called practical men.

When John Smeaton, a little more than a century ago, became
the first man to write Civil Engineer after his name, the title gave
no prestige to the possessor. The early engineers, Watt, Stephen-
son, Smeaton and Fulton, had to fight their way through poverty
and discouragements to a recognition of their services.

Canada and the United States are very slow in the recognition
of the valuable services of their engineers, Either country owes
more to the engineer than to any other class of equal numbers.
Think of the immense development in any of the different hranches.
To follow out any one of the numerous lines of work in which he
has been engaged, to trace the development of the first crude
mechanism, up to the splendid triumphs of the present day in
almost any department of industry, would be no idle task.

Engineering is a profession in which a man can be honourable.
It is fascinating from the fact that one sees the realization of his
mathematical and scientific theories and deductions. Its objects
are useful in the highest degree. It is healthful and ennobling in
its practice. In fact it is a profession which may well challenge
the attention of the young man of earnest endeavour, who is seeking
not only material prosperity, but an honoured place among thoge
who have well served their day and generation.
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Mr. Charles*T. Harvey, an eminent engineer, in a paper read
before our Society, said:—* Engineers of the highest degree are
born not made. Technical education is helpful, but not deter-
minative of the quality or strength of the will power which you
need-to best succeed in your profession. You have chosen a profes-
sion which calls for intense exercise of trained will power, as its
functions are to re-arrange the material features of the earth to
gerve human purposes to a higher degree. The embankment of a
railway, the prism of a canal, and the mechanism of a steam or elec-
trical engine, are triumphs of educated will power over matter.”

One great factor very necessary in the make up of a successful
engineer is the power of observation. The observation of a simple
fact, and the train of thought induced thereby, have led continually
to important results. The ability to map localities in the mind,
the faculty of noting the workings of a piece of mechanism, the
observation of leading features of places and things: all of these
are of the utmost value to the engineer. This power, combined
with a sound knowledge of natural and mechanical laws, together
with a sufficient amount of nerve to put the thing into execution,
are the great requisites of an engineer.

The engineer should love hig profession. The most simple
operations should possess an attraction to him. The application of
his theoretical knowledge, both in mathematics and science, should
be beautiful to him. The man who sees only the theoretical truth
of the fundamental formulae, and has no love for their application,
chould not adopt engineering as a profession. Obstacles that spring
up along the line should not dampen his ardour to obtain a true
result.

The engineer should honour his profession. After hecoming as
proficient as possible in the department which he has chosen, honour
and honesty should characterize his policy. When the engineer
accepts bribes from the contractor for passing work which does not
fulfil the specifications; when he charges his employer a fee for
first-class work when he knows it is inferior; when he adopts the
practice of “making days” when the “per diem” prescribed by
law is too small, he had better blot the name of his profession from
his card and devote himself to a trade in which honourable dealing
is not expected.
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The final success of an engineer probably depends upon more
qualities than are absolutely required in most of the other profes-
siong. His knowledge must be thoroughly technical, while his
methods must be perfectly practical. The clergyman or lawyer 1s
tolerably sure of success, if he is eloquent and respectable. The
physician who has an engaging manner, need not be a great prac-
titioner in order to secure a good income. But the engineer, in
order that he may attain to success, must possess qualities which
would have won much more fame and fortune if they had been
applied to some other calling.

A prominent engineer of the day has put it thus: “The demand
to-day is for men who can accomplish specific results; not the ancient
history of the steam engine, but the ability to construct the most
modern and complete form; not the story of how Franklin dis-
covered the relations of lightning to the electric fluid, but the
ability to design and construct a dynamo that will run the greatest
number of lights at the least expense; not how the subject of
alchemy has developed into modern chemistry, but how to conduct
industrial manufactories with the least possible waste.”

The demands of engineering upon the man are greater than in
most of the professions. He must first submit himself to a thorough
technical training, in order that he may be able to read and observe.
Having secured his diploma, he must seek employment that he may
cbtain experience, for the glimpse of the real thing which he has
got in his college course is far from fitting him for the responsi-
bilities of the work. During the earlier part of his career he will
probably find that his work is something more than trying.

The worst feature of the engineer’s life is its uncertainty.
Especially is this true of the mining and civil branches. One must
at all times be in readiness, at a moment’s notice, to go to any part
of the country where his work may call him. Often he is exposed
to great hardships in the way of extremes of heat and cold, rain
and drouth, and sometimes scanty fare.

What does the Faculty of Applied Science offer to a prospec-
tive engineer? It offers that technical training which is so neces-
sary nowadays in the make up of a successful engineer. “ Know-
ledge is power ” is an old adage, a back-number. Power is rather
the ability to apply knowledge. Technical schools not only furnish
knowledge, but train their students in the application of it. Just
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here I would take the opportunity of referring the men of the First
Year to Principal Galbraith’s address at the Banquet last Christ-
mas. The subject was, “The Function of the School of Applied
Science in the Education of the Engineer.,” The subject is very
thoroughly dealt with, and is especially adapted to us as students.

We in our technical training should aim at laying a broad
foundation, rather than at specializing along some chosen line
Circumstances in most cases determine our specialization in after
life. In fact, it is said by men of authority that a young man thor-
oughly grounded in fundamental principles and well trained how
to apply them, has almost an equal chance for success in all branches
of engineering. As a proof of the fact we only need look up the
records of our own graduates. _

What does the Engineering Society offer to the prospective
engineer? I shall not enlarge very much on this, but refer you
again to the addresses of our former presidents. With regard to
papers, I would say, do not wait to be asked, but set to work and
prepare one to be read before the Society during the coming year.
The mere act of preparing a paper ‘is a valuable discipline to the
writer.  Nothing serves so well in systematizing one’s ideas,
clearing up doubts and exposing deficiencies on a subject,
as the compiling of a paper. The benefits which you receive
from the Society, will probably depend on the amount of energy
you invest in it. If you are 'simply looking to your own interests,
without regard to the interests of others, probably neither will
profit much by your presence. Let each member, without thought
of year distinctions, feel that his part is necessary in order to make
up the finished whole.

In conclusion, what are our professional prospects? In looking
about Canada to-day one would say that the prospects never were
brighter. Of course times are good, and one cannot tell how long
they will continue. Engineering probably is ‘the first profession to
feel a depression, as great works are not usually undertaken when
the country is'suffering from hard times.

However, the immense developments in every kind of indusiry
have created a great demand for competent and trained engineers,
Capitalists are beginning to see the necessity of entrusting their
great works in the hands of trained men. Let us all strive to come
up to the standards required, and thereby render ourselves indis-
pensable as well as honouring to our profession.
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OUR TIMBER SUPPLY.

J. A. DECEw, ’96.

The cost of material is generally the factor of prime import-
ance in engineering construction, and the relative amount of each
material used depends to a large extent upon its value, a8 well as
upon its suitability for the purpose in hand. A structure which now
contains certain proportions of wood, steel and concrete, might have
contained these materials in quite different proportions had their
respective values been differently related at the time. Therefore,
if the cost of our timbers for construction and other purposes keeps
steadily on the increase in the future as it has in the past, and if
the price of iron, steel and concrete should remain comparatively
constant, then the tendency of the future will be to abandon the
use of wood as a constructive material, in proportion as its increased
cost stimulates the employment of substitutes. What the ultimate
result will be is hard to predict, as there are many variable influences
to be considered. One thing, however, is quite certain, and that 1s,
if we continue our present rate of consumption, the price of our
timber must go on steadily increasing until its stumpage value
becomes equivalent to the cost of reproduction.

If a species of timber should become exhausted before the
equilibrium between consumption and reproduction is established,
or if the demand for it should exceed the capacity of reproduction,
then it is certain to become quite expensive and will only be employed
forsthose purposes to which it is peculiarly adapted.

The cost of our timbers in the market may be expressed directly
in terms of the cost of labour, supplies, stumpage and the distance
between the market and stump. Therefore as we are rapidly
consuming the present stand, which we might call our capital stock,
the steady increase of the last two factors is sufficiently evident,
and with these factors the price to the consumer must also advance.
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As an example of a timber which will be commercially exhausted
long before any adequate reproduction can take place, we might
select the white pine.  This is without question our most important
and highly prized timber product, on account of its combination of
qualities, which adapt it to an almost unlimited number of uses. The
white pine is at home in commercial quantities, over an area of about
400,000 square miles, over which the original stand is estimated to
have been about 700,000,000,000 feet, board measure. Al]l that re-
mins to us of this inheritance is about 110 billion feet, of which the
Lake States (Michigan, Wisconsin and Minnesota) possess 64 bil-
lion and Canada about 40 billion. The annual cut in the Lake
States is about 6 billion feet, and in Canada from 1} to 2 billion feet,
so that our total annual consumption is ahout 74 to 8 billion feet.
[t this rate continues it is quite evident that all of our present stand
of pine will be consumed in about 15 years. It is interesting to note
in this connection that while the pine manufacturers of Canada
have still from 20 to 25 years of stock in sight, the American mills
can manufacture all of their remaining white pine in less than 10
years. Nearly all of the white pine is so located that the present
rate of exploitation can be and probably will be continued until 75
per cent. of the present supply is cut, when, of course, the lack of
logs will lead to a reduction in output. This curtailed output will
begin on the American side in a very few years, and then the white
pine will gradually cease to be the great staple of our lumber
markets. This result is unavoidable, for if recuperative measures
were immediately adopted, it would take 100 years to grow a pine
tree, with an average diameter ingide the bark of 15 inches. and to
reproduce forests like those we are now consuming would take about
R00 years, ?

It is erroneous to suppose that other conifers or hard woods
may be substituted for or easily adapted to the uses of white pine,
which is shown by a comparison with its most natural substitute, the
southern pine. A shipping case, made of, white pine, requires but
half thé effort to manufacture, and .5 to .65 the effort to handle or
transport, as one made from haril pine, and as for lath, the white
pine nails easier and shrinks less. For sash and doors the only sat-
isfactory substitutes are cypress and white cedar, and these are not
any too abundant themselves. Although from the scarcity of good
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pine shingles, we are already using red cedar shingles from the
Pacific coast, yet prices must reach a high mark before we can afford
to freight lumber such a distance.

It is not only the white pine of which we might say, speaking
relatively, that the end is in sight, for the same is true of the wal-
nut, yellow poplar, ash and elm. As the elm and ash are particularly
well adapted for the making of barrels, on account of their strength
and toughness, the question of paramount importance to all those
interested in cooperage stock is, what satisfactory substitute can be
found for these fast disappearing woods ?

In spite of the fact that there has been a great increase of late
vears in engineering construction, there has been no increase what-
ever in our annual consumption of timber. Nevertheless since the
gupply is decreasing faster than thedemand, we shall be forced in
the near future to pay still higher pl'iu« for those wooden materials
that we actually require. It is just this class of timber which we
cannot well do without, that we shall find in future very hard to
obtain. Tor although it does not take very long to grow railway ties
or fence posts, we shall find it a very different matter to reproduce
trees similar to those from which we obtain the wide clear lumber of
our markets to-day. '

Hemlock may make a fairly good substitute for pine in rough
construction, but not for interior work.

Perhaps when the Isthmian Canal is completed, we shall be able

to obtain our finest grades of lumber and shingles from the Pacific

g
coast, but even that rich source of supply may in time hecome ex-
hausted. The annual consumption of timbers, ties, fence rails,
cordwood, ete., in the United States amounts to about 25 billion
cubic feet. Their total forest area amounts to about 500 million
acres, and on each acre it is possible to grow, according to German
estimates, 55 cubic feet per annum, but of this growth only about
35 cubie feet is available to the American lumberman. Therefore,
if all their forest area were well planted and managed, the annual
harvest would not equal the annual consumption. But this possible
state of reproductive efficiency is as yet but a dream of the future,
and as our present stand is fast disappearing, it is the duty of every-

one to conserve as much as possible the present supply. This can
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be accomplished only by scientific lumbering, efficient fire protec-
tion, a more extended use of wood preservatives and an increased
economy, along with the gradual substitution of other materials in
construction.

Our wood consumption per capita, outside of fire-wood, is 8 to
10 times that of Germany, and 18 to 20 times that of Great Britain,
for we rely more upon wooden structures than they do and are more
wasteful in construction. .

These facts go to show that we have yet plenty of opportunity
to restrict the demand in proportion as the supply decreases, and in
this way avoid future scarcity and excessive prices. However, not
the engineer alone, but the community as a whole, has a direct
interest in the perpetuity and conservative use of our forest re-
sources, as well as in the preservation of favourable forest condi-
tions, both in behalf of the agricultural interests of the country
and on account of the resulting beneficial climatic effects.
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FORESTRY AND ENGINEERING.

THOS. SOUTHWORTH.

My pleasure at being allowed again to read a paper before your
Society is somewhat ‘alloyed by the difficulty in presenting matter
that will be new or interesting to the critical scientific minds com-
prising vour membership.

Of course Mr. Barrett intimated that I would be expected to
address you on forestry, but that is a large subject and presents
too many phases to be treated as a whole, even hastily, in the time
at ‘my disposal.

In view of the number of letters T have received from various
sources giving me advice on the subject of forestry in Ontario, the
writers of which seem to regard the subject from such a different
standpoint from my own, it has occurred to me that I might be
permitted to define the term forestry as I understand it, speaking
generally as applied to this Province. Forestry is primarily a
system of farming with trees as the principal crop—I say principal
crop advisedly—for they do not constitute the only crop in the
forest. Forestry is not the mere preservation or protection of trees,
nor the planting of trees where the country has been too much
denuded, as it is quite often intimated

In farming with trees as the main crop, it is essential that the
financial aspect should be had in view just the same as in other lines
of farming. The farmer who raises wheat does so for profit, and
when he harvests one crop he prepares for another. Just so with
the forester, with the difference, in this country at least, that
nature has started him with®*a grown crop ready to be harvested,
and it is business with him so to harvest this original crop as to
secure the largest financial returns from it consistent with the
economical but effective reproduction of similar crops.

In Ontario we have to do with two main phases of forestry
work, the one as it applies to the individual owner of woodlands,
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the farm wood lot, and the other relating to the larger problem of
the forest farm of the whole people on the Crown lands.

Both are important, both affect the general welfare of the
Province.

The farmers of old Ontario, in clearing land to grow other and
mere, valuable crops than trees, have removed the forest cover so
completely as to seriously affect adversely the fertility of the land
in some sections, and, through the drying up of our water sources,
increasing the evaporation of moisture from the soil, and in other
ways to seriously alter climatic conditions for the worse. At the
same time, while the community in general suffers to some extent
from this cause, the chief sufferer is the individual farmer himself.
I will confine myself at present to a consideration of the large-
and more important problem of forestry on the lands of the Crown.

By far the greater portion of the Province of Ontario is still
tree covered. The land area of the Province is estimated at about
126 million acres. Of this less than 25 millions of acres are suili-
ciently settled to be under some form of municipal government. Tl
balance, over 100 millions of acres, may be said to be tree covered.
Of this immense area probably another 40 million acres is well
suited for agricultural settlement, the rest heing broken and chicfly
valuable for mining and forest lands. The remaining 60 millions
of acres is more or less tree covered and is all capable of growing
trees. Mining development is now being prosecuted in several
points in this area, and there will be many small villages and towns
with the necessary agricultural settlement around them, but we
may safely assume that this area will, or rather let me say should.
remain permanently in forest—a vast forest farm the property of
the whole people. Of the sixty millions of acres remaining, the
greater part is still covered with its natural forest crop yet to he
harvested ; and from this will be seen the vastness of our resources in
this line, and the desirability of solving the question of exploitation
m the wisest way. .

As T have said, forestry, or the growing and harvesting of trees
for profit, is mainly a financial proposition, but there are certain
other incidental advantages derived from the presence of trees in
larger masses, in their effect on climate, water supply, and in other
ways, such as to render it advisable that in some cases the mere
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financial aspect should be subordinate. These incidental advantages
concern the general public rather than the individual, and in the
case of the individual holder of woodland, he cannot be expected
to sacrifice his personal financial interests for the general good.
For this and other reasons, it is wise that forestry on a large scale
should be conducted by the State. A private holder might, under
pressure of pressing financial need, realize gn his forest wealth in
a way inimical to the general welfare and disastrous to the indus-
tries dependent upon forest products, The State, on the other hand,
s free from this danger, and is in position to disregard immediate
profits where a close regard for them would adversely affect the
general good in other ways. At the same time it is possible to
retain these incidental advantages without sacrificing the purely
financial results, and it is in this direction that the services of the
skilled forester, the trained and scientific observer, will be l'n‘t|\lil't‘(l.

No formulated system of forestry, no matter how scientific it
may be, will serve in this Province unless it iz based on observa-
tion and practice under our own conditions. We have to solve our
problems in our own way.

France and Germany and other European countries have ela-
borate scientific l'ul‘n\ll"\' systems that are well nigh }u'l'lll‘('l in their
way, and for the countries in which they have heen developed.
They are the result of years of investigation and practice by scien-
tific men; yet their systems are of little use to us except as forming
a basis from which to study our own needs.

In our country, where only a third to a half of a small prapor-
tion of the more valuable varieties of trees have a market value,
we could not afford to establish nurseries and transplant trees on a
large scale, as is done in some parts of Europe, where the limhs, roots
and even the leaves of the trees are marketable.

The cost of preparing the ground, planting the voung trees,
plus the cost of protection and care of the forests for 50 to 100
vears, plus also the interest on the capital invested during that long
period would, T fear, show a balance on the wrong side of the ledger
when the crop was h:n‘\'(',~tm']. [t is true conditions will be changed
in this country before a crop planted now will he ready for harvest,
but not sufficiently so as to make a financial success of tree planting
by the State in a large scale.
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However, if ‘ve have not much cash, we have plenty of time
and plenty of land. A forest will inevitably reproduce itself if
it is the business of the forester to assist

allowed to do so, and
Nature in securing a new crop in the shortest time and composed

of the most valuable commercial varieties of trees.

Nature is sometimes slow in her methods and does not always
<h the work in hand as we would have it done; yet in the

sts in Ontario, she is apt to reproduce a forest

valuable tree from a

accompli
reproduction of fore
of the highest economic value. The most
commercial point of view in our original forests was the white pine,
(Pinus Strobus), and in nearly all cases the forest planted by Nature
1 one has been cleared away by the axe of the lum-
is largely composed of that tree. It is true that
ling crop of trees is composed

after the origina
berman and by fire,
after a forest fire the first succee
and birch, trees that seed yearly, and whose seeds
are carried miles by the wind; but these broad-
leaved trees form the proper condition of shade, and fit the soil for
the growth of the young pines that grow up under their protection,
in all cases where any pine trees old enough to bear seed have
been left in the neighborhood. The young pine plant is very deli-
to extinction in the first few days of its growth, if
« of the sun. Hence you will see that the
eds, the poplars and birches is necessary as
valuable sorts; and Nature is doing her
work well in spite of, nay, in some cases, assisted by fire. That we
can assist Nature and hasten the growth of the profitable forest 18
undoubted, and to apply the trained skill necessary for this object
we require educated foresters.

besides returning a direct annual revenue to the
next to agriculture, by

largely of poplar
are light winged and

cate, and liable
exposed to the direct ray
presence of the forest we
a nursery for the more

Our forests,
Province of over a million dollars, support,
far our largest industry. Though not so attractive as mining, it
has produced more wealth in Ontario than mining is likely to do
for some time, and upon its continuance depends largely our pros-
perity. It is not too much to expect that in the not distant future,
the best trained men from our scientific schools will find employment
in managing the forest industries of the Province. We have no
School of Forestry in Canada, though some three or four have been
started in the United States. What we need is practical men
whose scientific training has taught them how to observe.
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FORESTRY AND ENGINEERING. e

It is largely a matter of observing, of finding out the “ why ”
of things. A couple of years ago, in travelling through a pine
forest with the superintendent of one of our large lumber firms, I
picked up a considerable number of cones to see if there were any
seeds left in them after they had fallen from the trees. Upon
remarking that I had about concluded that the scales of the cone
opened and the seeds dropped out before the cone fell off the tree,
my companion remarked:—*“ Do you mean to say that there were
seeds in them things? I have seen plenty of them lying on the
ground for years, but never knew what they were.” Now I cannot
imagine a student of the S. P. S. walking over pine cones for 20
years, as this man had done, without having curiosity enough to find
out what they were,

As an instance of the benefit of a scientific training, no matter
to what branch of engineering the problem which confronts a man
may belong, I may state that I have been assisted recently by a
graduate of this School in trying to solve one of the problems that
we have to face. A lumberman whose forest contained considerable
quantities of hemlock (Abies Canadensis) was unable to harvest it
profitably. There was no local market for hemlock bark, and this
inability to sell the bark removed the profit there should otherwise
have been in cutting the timber. I happened to know that Mr. J.
A. DeCew, a graduate of the S. P. 8., had been investigating the
chemistry of woods, and I appealed to him in the matter. I have
now in my office a very valuable paper prepared by him on the pro-
cess of preparing extract of hemlock bark, or liquid tannin, and if
moderate sized portable plants can be secured at a suitable price,
hemlock lumber may be produced profitably in these limits, as is
the case in similar forests near railways or near tanneries.

I mention this merely to show that the problems in forestry
practice are either financial or scientific, or, correctly speaking, both.
A college training, as I understand it, does not make a man a com-
petent surveyor or engineer, but equips him so that he may become
one. He may not have the expert knowledge required, but he
knows, or should know, how to acquire it. He has been trained to
apply his powers of observation, his “ horse-sense,” to the various
scientific problems as they arise in actual practice.

8.P.8.
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Another problem in Ontario forestry, largely of an engineering
nature, is presented in connection with the Temagami Forest
Reserve. This reserve, comprising 1,400,000 acres of virgin forest
a very large quantity of standing timber, some of

Jand, contains
The territory is drained partly

which is mature and ready to cut.
into the Ottawa River and partly through the Temagami and Stur-
geon Rivers into Lake Nipissing, and thence to Georgian Bay. The
height of land separating the two drainage basins is very narrow.
Before beginning to remove the mature timber from this
Reserve, it will be necessary to know whether it would be prac-
ticable or profitable to connect the two systems of waterways. We
will also require a more or less complete topographical map of the
will need to find out what improvements will be neces-
arious streams to enable the logs to reach the market,
as well as to lay down and construct roads in the bush for hauling
Jogs to the water. There are other problems of a purely gylvicultural
of growth and present age of

Reserve;
sary to the v

nature. such as ascertaining the rate
the trees to be cut, in order that the cutting may be properly exe-
cuted, problems to be solved by the expert forester; but many of
the problems are of a purely engineering nature.

I have been frequently asked if I thought there was likely to
be a chance of employment for scientific foresters in Ontario. T
quite unhesitatingly say 1 do think so, not by the Government alone,
but by lumbermen as well, for it will not be long before they will
see, as the large forest owners of the United States already recog-
nize, that scientifically trained men, who also have common sense,
are better than men with common sense alone.

In this connection T have referred to some of the problems in
Ontario to be solved, to show you that the training given in the
School of Practical Science is quite in the line required for the
special work when the proper time arrives. True, you will need
special work in botany and practical forestry, but the instructions
you are receiving in civil engineering, as T understand it, are such
as you need for the forestry profession. Therefore, let me urge
you when engaged in surveying, or in other branches of engineering,
to observe conditions in the forest, in saw milling, in Jumbering, and
in all that pertains to this great industry. The knowledge you
thus acquire will be useful, and you do not know how soon you may

be called upon to put it to practical use.
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THE USE OF IRON AND STEEL IN MINES.

D. L. H. Forsgs, ‘02.

The increasing scarcity and cost of large timbers, together with
their rapid deterioration in the air of most mines, are bringing
masonry, iron and steel more and more into prominence as materials
for mine structures which are intended to be of a permanent char-
acter. The use of iron and steel as substitutes for timber has
already had a place for a considerable time in continental mining
practice. They have also heen employed in many English mines and
collieries. In American mines, however, owing to the abundance
and relative cheapness of timber in most mining camps, iron and
steel have had but a limited use up to the present. But there is a
tendency, even on this continent, to restrict the use of timber for
many purposes in mining. This is partly due to the disastrous
mine fires which often occur, and which cause mine managers to
come to the conclusion that the extra cost involved in the use of
non-combustible materials for lining permanent ways in large mines
may frequently be justified. Tt will be the object of this paper to
call attention to some typical constructions employving iron or steel
which have been tried in mines and have been found satisfactory.

SHAFTS.

In lining shafts, rimgs of I-beams or channel-bars have been
used extensively as curbs. They are upheld at the proper distances
apart by struts of wood or iron, and backed by heavy planks or iron
sheeting. The initial cost of iron lining in place is estimated to be
twice that of wood and equal to that of masonry, but the cost of
maintenance is only one-third that for wood and about the same as
for masonry in dry shafte.*

The most successful methods bf sinking shafts in running
ground all employ iron tubing. The ordinary methods, as well as

* Ihlseng, ** Manual of Mining,” p. 337.
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Haase, Kind and Chaudron, are described fully 1n

those of Triger,
g, so that to mention them in connection with

the textbooks on minin
this subject will be sufficient.

Steel has recently been used in the form of expanded metal in
lining the shaft of a Pennsylvania coal mine.* The No. 2 shaft of
at Scranton had been lined with a double wood

the Manville mine
Quicksand and water had

cribbing with clay between the cribs.
caused this work to fail, and the management put in its place slabs of
inches thick, reinforced by expanded metal. This con-

concrete 18
in keeping back the quicksand

struction is said to be satisfactory
and water.
TUNNELS, DRIFTS, ETC.

In linings for tunnels, iron and steel have been used quite

extensively in Europe, and various forms of construction are em:*

ployed.

In the Halkyn Drainage Tunnel, Flintshire, where the sides are
ak. frames are employed consisting of two
rail strung across

firm, but the roof we
hollow cast-iron cylinders as posts with a 50-1b.
The head of the rail is placed downwards and rests in
which fit into the tops of the cylinders. These
frames are placed about three feet apart and planks or light rails
are laid from one to the other. The space between them and
the roof is tightly packed with stones. A dry stone wall is built
ach side with an occasional plank or rail to make it firmer.
1 that to have secured this part of the tunnel with

their tops.
grooved chairs

upon e
It was estimatec
good masonry would have cost nearly twice as much as this method,
using iron, the cost of which was $10.75 (£2 4s.) per linear yard of
tunnel.f

In France, special forms of I-steel are manufactured for frames
in tunnels, levels, ete. A favourite form consists of two side pieces
suitably bent at the top and united by fish-plates and bolts so as to
form a shape like an inverted U. Another French frame much m
use is composed of two semicircles of mild steel. TFor this, two
kinds of sections are employed,—channel steel, and bulb tee steel.

* « The Doings of Expanded Metal,”” December, 1901, published by the Asso-

ciated Expanded Metal Companies.
4 C. Le Neve Foster, “ Ore and Stone Mining," p. 259.
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THE USE OF TIRON AND STEEL IN MINES. 21

!l: The channel steel used weighs about 16 lbs. to the yard. It is sawn
into proper lengths on leaving the rolls and bent into semicircles
5 while still hot. The two pieces are joined by sleeves of sheet steel
l:. ' fastened by a couple of iron wedges. Steel of the bulb tee section
»:l ‘ weighing about 26 lbs. per yard is employed for heavier ground.
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e While in Saxony last year, the writer was much impressed by
. the extensive use to which old rails are put in the silver-lead mines
of the Freiberg district. Here it is claimed that, although iron costs
880~ about the same as masonry and will not last so long, yet, in setting

up, the iron takes much less time and when completed occupies less
space than masonry; while, in all probability, the iron will stand for
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several generations.* In the Rothshonberg tunnel two rails are bent
so as to form an elliptical shape, and united at top and bottom by
fish plates and bolts. Behind these frames light mine rails are
strung and flat pieces of rock packed in tightly all around. At other
places in the district rails are used as posts and caps. The head of
the rail used as cap 1s let into the upper ends of the upright rails.
The feet of the uprights rest directly on the floor of the tunmel.
Where the sides are firm and only the roof needs support, as in
drifts where overhand stoping is employed, rails are placed across
with their ends resting in hitches cut into the wall-rock, thus form-
ing stulls to support the waste material heaped above. The rails
used for this purpose are of varying size and cross-section, depending
upon the load they have to support. Light mine rails are strang
across these rails and spaced 6 to 8 inches apart, with flat pieces of
rock laid on top to form the staging on which the miners stand and
pile up the waste after each blast. (See Fig. 1.) In some of the
Freiberg mines the rails are given a slight bend upwards so as to
bring the principle of the arch into play. Where this is done, it 1s
usual to give a bend of about 5 c¢m. inl 100 em. of length. 1t is
claimed that the strength is increased by doing this, so that much
lighter rails may be used than if they were straightj under the same
load. In places wleere the mine waters are acid, the use of iron for
supports should be avoided. At several places in the upper levels
of the Himmelfahrt mine at Freiberg, the rails have to be replaced
frequently on account of the rapid corrosion caused by such mine
water. Kven coating the rails with tar is said to have but little
effect in delaying the corrosion.

GANGWAYS, ETC., IN COAL MINES.

Steel I-beams have been used with success for some years at the
Nunnery Colliery, Sheffield. The usual size is 4 inches wide, 5
inches deep, with 3-8 in. web. They are used either as caps on
timber posts (see Fig. 2) or us posts and caps. In both cases the
beam used for the cap has a lug or band of wrought iron, 1 in. x
3-4 in., shrunk on about a foot from each end. This prevents the
posts from coming in sideways. Such frames or sets are placed 3

* ¢ Freiberg Berg-und Hiittenwesen,” pp. 176-183.
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feet apart, and old timber is placed across from cap to cap, support-
ing the roof. The steel beams are tarred over with unboiled gas
tar, and have been in use several years without showing any signs of
deterioration; while timber at the same colliery lasts only two years
on an average.*®

Section ab. fFig. 2
e
! ‘,?Q a

4,
L s

SN

A 7%

In another English colliery I-beams are similarly employed. As
an experiment in this colliery, lengths of roads were timbered
alternately with wood and steel (timber being used for props in both
cases.) But, before definite results could be obtained, the district
fired was dammed off and abandoned. After a lapse of 9 months,
the roads were re-opened, and it was found that the steel bars had

* C. Le Neve Foster, ‘“ Ore and St&gl\iining," p. 261.
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suffered scarcely. at all, only a few being displaced owing to their
timber supports breaking. But, at places where timber caps had
been set, the roof had fallen in, and considerable expense in wages
was involved in repairing it. On a main haulage road in this same
colliery 12-ft. girders of a section 6 in. x 4} in. with }-in. web,
weighing 78 lbs. to the yard, were employed, replacing 9-in. timber
bars. The first cost of the steel here was 2} times that of wood.
The date of fixing each girder was noted, and in many instances the
girders outlasted 3 to 4 sets of timber before removal; so that, even
if the steel bars were worthless on removal, their actual cost would
have been less than for timber. But, after being taken out, they
had merely to be straightened and then were practically as good as
new.*

Cast iron cylinders are being used in place of timber posts in
many English collieries. It has been said, however, that they are liable
to break if any great side pressure comes on them. The Balmer prop
is a modification which consists of two cast iron cylinders, of which
the lower is filled with loose packing, and the upper telescopes into
it as far as the packing will permit. Holes in the side of the lower
cylinder allow some of the packing to be removed, so that the prop
can shorten itself.f

For withstanding very great pressures coming from floor and
sides as well as roof, two forms of construction which were observed
by the writer in the Oberhohndorf colliery at Zwickau, Saxony,
have been in use for several years. One of these is a tubular form,
the frames being rings composed of two semicircles of channel steel
Joined by fish plates bolted on the outsides of the flanges (Fig. 3).
The rings are 2§ metres in outside diameter, and are placed 1 metre
apart, centre to centre, each being held in position by three tie-rods
or dogs joining it to the preceding ring. These tie-rods are made
from mine rails cut to proper lengths and turned over at the ends
The gangway to be lined with this construction has first to be en-
larged until its cross-section is about 14 feet square, the roof and
sides being held temporarily by timber props and logging. 'The
excavation is carried about 20 feet in advance of the work of lining.
The floor is first covered with concrete up to a certain level. A

* Hughes, ‘* Textbook of Coal Mining,” p. 137.
t Journal of Iron and Steel Inst., 1900, II, p. 472

.

Fig. 3
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timber sleeper 4 metres long is then laid on the concrete, given its
proper leveling and alingment, and then firmly embedded with more
concrete. Four of the channel steel rings are then set up and held
temporarily by timber props and wedges. Timber slabs from 2 to
3 inches thick and 2 metres long are then placed in position on the
outside of the rings, and concrete rammed in firmly all around.
Temporary timber supports, which interfere with the work as it 1s
built up, are cut away, leaving the lower parts imbedded, in the con-
crete. When the concrete filling is about two-thirds of the height
of the excavation it has to be continued in sections of one metre,
the end face of the section being held with boards until it has reached
the roof and has set. In a double-tracked gangway this work may
go on without seriously disturbing its traffic, by keeping one track
constantly supported and having a switch at each end of the place
of construction, so that both in and out going trams may use it.
The other track is used for hauling concrete to the work. Six men
are required—two miners, two masons, and two shovellers. Working
two ten-hour shifts per day, a section 4 metres in length is completed
in six days. The total cost is about $50 per metre length of gangway.
For single-tracked gangways a construction differing only in the
employment of elliptical channel frames is used, but where the side
pressure is very great, these frames have occasionally been crushed
in at the joints,

The other form of iron construction used in the Oberhohndorf
colliery is shown by the sketches in Fig. 4. Cross-rails used as sills are
imbedded in a concrete foundation, and side walls resting on them are
built up to a height of about 1} metres above the floor of the gang-
way with a thickness of 1 metre. These side walls are constructed of
layers of rail lengths laid crosswise and lengthwise alternately. Tie-
rods prevent the rails from spreading, and concrete is packed in
between and behind them. The roof is formed by lengths of rails,
bent slightly at the middle, which arch against an I-beam at the top
of the gangway and spring from a rail and angle-iron laid along the
tops of the sidewalls. In between the webs of these roof-rails com-
mon sized bricks are placed. Concrete is rammed in tightly above
the bent rails and the side walls. This construction was first put
in about 16 years ago after a fire had caused the collapse of some of
the main haulage ways and had necessitated the closing of one of the

Fig. 4
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28 THE USE OF IRON AND STEEL IN MINES,

shafts for several months. The work of this kind which was then
constructed is still apparently as firm as ever. Only the main gang-
ways are supported in this way, and they only for a hundred metres
or so from the shaft, on account ot the expense, the cost being about
$85 per metre.

At the Spring Valley coal mines, in Illinois, a new shaft had to
be sunk in 1896, on account of a fire which had caused considerable
damage. When the gangways and sidings were being constructed at
the new shaft, the manager was particularly anxious to use as little
timber or other combustible material as possible. The side walls
were built of masonry and 15-in, I-beams, weighing 50 1bs. per foot,
were placed 4 feet apart to support the roof. These I-beams rested
on heavy cap stones in the tops of the walls. The width of the
gangway is 14 feet, and its height 7 feet, from top of tracks to
bottom of I-beams. The covering of the I-beams is composed of
3-in. oak planks.*

A similar use of steel girders is made in some of the Pennsyl-
vania coal mines,

ADVANTAGES IN THE USE OF IRON OR STEEL.

The great advantage of steel beams over timber ones is in the
matter of durability, which means a reduction in the cost of repairs.
Besides this, however, there is the possibility of using the beams
clsewhere when taken out. When only slightly bent they can be
reversed and used over again. If badly bent they can be straightened
or sent to the steel works to be worked over. In any case the steel
has some value, but timber after failure 1s crushed and splintered so
badly that it is worthless. Another advantage in the use of steel
beams is the increased space for ventilation, due to the small size
of steel beams compared with timber ones. Decaying timber
takes fire very easily, and is moreover an important factor in causing
the air of a mine to become foul. Finally, in setting up almost any
form of steel or iron construction, the parts can be put together
and the structure completed in less time and with less labour
than masonry, or even timber used for the same purpose.

* * Improvements at the Spring Valley Mines,” Trans. Am. Inst. M. E., vol.
xxix, 1900, pp. 187-209.
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BACTERIAL METHOD OF SEWAGE DISPOSAL,

CHarrLEs H. Rust, C.E,, M. Can. Soc. C. E.

The !‘Hlln\\inj_" gshort account of the ]»i(']ﬂ)_"iv:l] or bacterial
method of sewage disposal has been prepared by the writer with
the hope that it may be of some interest to the members of your
Society.

It is only within the past five or six years that the bacterial
method of disposal has been brought prominently before the pubiie,
but there is now a large number of small towns in England that
have adopted it, and some of the largest cities have been experi-
menting, with a view of doing so, while in America at the present
time several towns have installed sewage works upon the bacterial
gystem.

The following short extract will explain clearly what bacteria
are:—* Bacteria are minute forms of vegetable life, whose existence
was not even suspected until late in the seventeenth century. They
are so small that it requires the most powerful microscope to make
them visible at all. There are other low forms of life which bear
a part with them. They may be divided into two classes, the anae-
robic and the aerobic. The anaerobic live without air, that is_ with-
out free oxygen, the aerobic existing with free oxygen. Exposure to
air kills the anaerobes, and all bacteria are destroyed if allowed to
remain too long in contact with their own products. In the absence
of water, or at least moisture, they are unable to multiply and
remain dormant. The work bacteria do in the purification of sewage
is to oxidize the foul matters of which it is partly composed. To
effect a thorough purification three separate processes are needed,
viz. (first) anaerobic, (second) partly anaerobic and partly aerobic,
(third) aerobic.”

The subject may be discussed under two heads, first, the so-
called septic tank; second, the contact or bacteria beds; and under

this heading comes land treatment, either by broad irrigation or
by intermittent downward filtration.

:

4
i
b
{
4
i

T S R T T A N NI TR




30 BACTERIAL METHOD OF SEWAGE DISPOSAL.

The septic tank consists of a tank or series of tanks, and was
first introduced by Mr. Cameron, City Surveyor of Exeter, in 1895,
when a small experimental one was installed to dispose of the sewage
of Belle Isle, Exeter. These tanks when first introduced were
covered, but now this is not considered absolutely necessary, although
the writer is of the opinion that in this country, on account of the
climate, it would be more satisfactory during the winter months to
have some form of cover. This system altogether changed the old
methods of treating sewage, when all suspended solids were thrown
down by means of chemicals. In a septic tank the solids are lique-
fied by means of anaerobic bacteria. “It used to be considered
necessary to prevent decomposition, but in the septic tank the object
is to promote it. It was also considered necessary to exterminate
all the bacteria. Now they are cultivated.”

The action that takes place in the tank is a process of removing
most of the suspended organic matter, some which is in solution,
giving an eflluent, which, although not chemically pure, is inoffen-
sive, and in some cases pure enough to be turned into large streams
or bodies of water without creating a nuisance. This isall brought
about by the action of anaerobic bacteria, which are different from
those which act in the contact beds, and in land treatment. They
thrive in the absence of oxygen and are the organisms which cause
putrefaction.

Instead of filling and emptying the tank alternately, as is done
ir the vhvnnvn]]nwwvss¢ﬂ']wud]ﬂhninn,tln'sv“ngv runs continu-
ously through it, the motion being so slow that the contents are
practically at rest. This affords an opportunity for the separalion
of the solid matter, the heavier substances falling to the hottom
while the lighter ones rise to the surface. This results in a thick
scum forming on the top of the liquid. Bacteria are thus afforded
conditions very favourable to their growth. The bottom of the tank
is covered with a deposit largely mineral, but is very small compared
with the amount of solid matter that comes in with the sewage. It
is necessary, especially where the combined system is in use, before
putting the sewage into the tanks, to pass it through grit chambers,
which should be cleaned out at frequent intervals, and it would be
advisable also to have screens in front of these chambers, for the
purpose of intercepting bits of wood, rags, ete. These chambers

shoul
Havi
will T
the t:
']
the c
1o prc
one-h
much
day’s
under:
Mancl
one-h
A
the se)
in the
up to
flow sl
done
mence
41
precipi
of slu
gludge
ent fo
effluenf
At
been in
the wo
questio
tank w
but in
sewage
obtain
for the
will be
months
decomp



K]

>
e

BACTERIAL METHOD OF SEWAGE DISPOSAL. 31

should be frequently cleaned out and the sludge burnt, if possible,
Having first removed these insoluble
will be much easier to obtain g highe
the tanks,

substances from the sewage, it
r percentage of destruction in

The capacity of the tanks will vary somewhat,
the condition of the sewage. In Eng]
to provide a capacity in the tanks equal
one-half day’s supply of sewage, In

depending upon
and it has been the practice
to three-quarters to one and
this country, owing to the
much weaker nature of the sewage, one-half to three-quarters of a
day’s supply will probably prove sufficient, although the writer
understands from the result of the recent expe

riments made at
Manchester that a system of septic tanks

having a capacity equal to
one-half the daily flow of sewage will be ample,

After the sewage passes through the grit chambers, it flows into
the septic tank, where it is acted upon by the bacteria. Tt is found
in the septic tank that the action begins slowly and gradually rises
up to the maximum. It is, therefore, important that the ultimate
flow should not be passed through the tanks at first.

done sludge would rapidly accumulate before
m-'nw«l.

If this were
septic action com-

The great advantage of the septic tank over the old system of
precipitation by chemical means is the large

reduction in the amount
of sludge produced.

Not only does a reduction in the amount of
sludge take place, but the tank is of great use in obtaining an efflu-
ent for after treatment on contact beds, and it

also produces an
effluent readily capable of nitrification,

At Exeter, where there is a small experimental tank which has
been in use for the past six years, enough gas is produced for lighting
the works and for running a small gas engine. It i

8, however,
questionable whether the amount of gas given off in an open septic
tank would be of sufficient value to pay for the cost of collection,
but in the new plant now being constructed for treating all of the
sewage of Exeter, the tanks are to be covered and it
obtain a sufficient quantity of
for the extensive works.

is proposed to
gas to illuminate and provide power
It is, however, not supposed that there
will be a sufficient quantity of gas to do this until a period of some
months has elapsed. The gas which is given off as the result of
decomposition is marsh gas and free hydrogen.
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32 BACTERIAL METHOD OF SEWAGE DISPOSAL.

This description of the septic tanks, although short, will pro-
bably explain clearly to the members of your society their working.

The contact system consists in passing the sewage into beds
filled with from three feet to four feet of filtering material, usually
clinkers. These beds are open and in them the sewage is acted upon
by aerobic bacteria, which thrive in the presence of air and light,
and the greater portion of the organic matter is removed or changed
into harmless compounds. If a higher degree of purification is re-
quired, the effluent is passed from the first into another and finer
bed. It is absolutely necessary, in order to secure a good effluent, to
have these beds thoroughly drained and aerated, for if the water
cannot get out the air cannot get in, and the lower part of the beds
gradually becomes putrid. These beds are drained in some cases by
ordinary drain pipes and also by agricultural drains, 3 to 22 inches
in diameter, the rows being 2 feet apart.

When this system was first introduced it was generally supposed
that coke would make a satisfactory filtering mterial, but that has
not been found to be the case, the sewage having a tendency to
gradually break down the coke, and as it was necessary to use a more
refractory material, clinkers were adopted. In addition to clinkers,
coarse gravel or broken stone would be a satisfactory material, and
the writer has heard of broken glass being used with satisfactory
results. The beds in the majority of cases are constructed of either
brick or concrete, although in a few instances where the soil has
been suitable, they have been constructed without masonry. There
is not sufficient information available at present to know definitely
the lifetime of the filtering material or the annual cost of opera-
tion. In spite of all precautions it may be necessary, after a period
of three or four years, to either replace the material or have 1t
washed. TUp to the present time, from the result of the experiments
made in the various cities and towns in England, it has been found
that the capacity of these beds has decreased 33 per cent. shortly
after being installed, but have since shown no further signs of de-
crease. “The beds must also be worked very slowly at first in order
to allow the material to settle and the bacterial growths to form.
In this way there would be less danger of suspended matter finding
its way into the body of the bed while the material is still loose and
open.” The beds become choked by reason of the settling together
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BACTERIAL METHOD OF SEWAGE DISFOSAL. 33

and breaking down of the material, imperfect drainage, insolubls
matter entering the beds, and the growth of organisms. The de-
fective drainage decreases the actual water capacity of the beds and
prevents thorough aeration, and other means should be taken, there-
fore, to make it as perfect as possible.

The manner of putting on the sewage to the beds is generally
as follows:

Each bed is filled three times per day, the filling generally
taking about three hours, while the time taken to empty is from 1}2
to 2 hours, and the beds in some cases are allowed one week’s rest
in five, and in other cases they are given 7 hours’ rest. The flow of
gewage is in some cases controlled by an alternating gear and in other
cases by the Adams syphon or by manual labour. “The alternat-
ing gear automatically opens and closes the various valves in their
proper order and at regular intervals, and the supply and discharge
valves for each pair of filters are suspended from the outside ends
of two levers, which are connected to one shaft. This shaft carried
a couple of rubber actuating buckets, which furnish the motive
power. As soon as the filter is filled a small quantity of the liquid
overflows from its discharge well into one of the actuating buckets
belonging to another pair of filters.” This action goes on so that
ach filter is in turn filled, rested full, discharged and aerated.

In addition to the treatment by the ordinary Dibden contact
bed, experiments have been made with continuous filters, such as
the Whittaker and Bryant, and Stoddart. The patentees for these
filters claim that as much as 3,000,000 to 8,000,000 gallons of sewage
per acre per day can be treated.

The following is a description of the Whittaker and Bryant
filter in use at Rochdale, England, kindly furnished me by Mr.
Pratt, Borough Surveyor:—

“There are two filters, each having a surface area of 200 square
yards=400 square yards. The volume of sedimented sewage treated
thereon is about 160,000 gallons per day of 24 hours. The sewage
is continuously applied. Each filter is constructed as follows:—The
foundation is of cement concrete rendered to a smooth surface and
made to fall towards a channel on one side provided for the collec-

tion of the effluent. Resting on the concrete are two courses of
8.P.8. 3
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34 BACTERIAL METHOD OF SEWAGE DISPOSAL.

bricks in rows supporting 18-in. perforated half pipes, above which
is the filtering material, 9 feet in depth, composed of gas coke which
has had all smaller than 1%2-in. taken out of it.

«Tn the centre of each filter is a perforated chamber or shaft
of brickwork, pigeon-holed for aeration of the filtering material, on
the top of which rests the mechanism for distributing the sewage.
This mechanism consists of four revolving arms 1}-in. and 1-in.
iron pipes, which are perforated at varying distances and with holes
of varying sizes, so as to ensure a uniform distribution of the sewage
over the whole of the upper surface of the filter. The sewage dealt
with is not treated at all by chemicals, but passes into an open septic
tank, of capacity about 200,000 gallons, or rather more than the
daily volume treated. This tank has been in continuous operation
sinca July, 1899, and the sediment accumulated is now about 12 in.
deep. From this open septic tank the effluent is syphoned into a
small collecting tank of about 750 gallons capacity, placed near the
filters, and from this it is pumped by a No. 5 pulsometer pump,
which lifts the tank effluent and forces it to the distributors of both
filters, and causes the arms to revolve at the necessary rate to ensure
the uniform distribution over the upper surface of the filter. The
steam used in the pulsometer passes into the sewage, and in addition
to that a jet of steam is injected into the sewage (in winter) on its
way to the revolving arms, in order that the temperature of the dis-
tributed sewage shall be as nearly as possible about 10 deg. F. higher
than that of the sewage in the open septic tank, so as to ensure the
better bacterial action of the filter.

“The effluent from the bacterial beds contains a certain amount
of suspended matter, and with a view of removing this as far as
possible it is passed through a settling or deposition tank of about
10,000 gallons capacity.

“The settling tank requires to be emptied twice a week, the
effluent and the precipitated matter which cannot be drained away
being pumped back into the open septic tank.”

The results of experiments made in England with this class of
filter are, I believe, fairly satisfactory, and Accrington has adopted
these filters for the treatment of all the sewage, but owing to our
severe winter, I do not think the continuous filter would be a suc-
cess in this country. The results so far show that the maintenance

of the beds and septic tank will not be costly.
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BACTERIAL METHOD OF SEWAGE DISPOSAL. 35

The members of your Society are probably aware that it is not
absolutely necessary to have the septic tank followed by after-treat-
ment on contact beds. In places where a high degree of purity is
not required, septic tanks alone will be sufficient, or, as is the case
in some small towns in England, contact beds with either two or
three contacts, without the septic tank, would be satisfactory, but it
would be advisable to first pass the sewage through small settling
tanks.

Last winter the writer had an opportunity in England of in-
specting some of the sewage disposal works, and below is given a
description of the method in operation in four small towns, which
have adopted, with very satisfactory results, the bacterial method of
sewage disposal.

HAMPTON.

The plant at this town was one of the best and most complete
the writer inspected. Owing to the rigid requirements of the
Thames River Conservators, three contacts are used. The Local
Government Board ordered the effluent to be discharged on land
after coming from the contact beds, and the Council purchased 20
acres of land for this purpose, but it was found that the effluent
actually deteriorated after land treatment, and consequently it was
discontinued.  The effluent is used for condensing, feeding and
cooling purposes. The sewage is delivered at a screening chamber,
where it passes through }-in. screens, and thence to the beds without
sedimentation. There are fifteen beds built in terraces of five each. The
coarse or first contact beds are 4 ft. 4 in. deep, 50 ft. x 34 ft. 6in.
filled to within 4 in. of the top with coarse clinkers rejected by a
3-4 in. sieve. The medium or second contact beds are 54 ft. x 35 ft.
6 in., filled with clinkers rejected by a }-in. sieve. The fine or third
contact beds are 58 ft. x 35 ft. 6 in., filled with residue from
screened bed consisting of finely powdered clinkers and ashes. The
beds have a fall of 6 in. and are drained by semi-circular pipes, 5 in.
in diameter, formed of concrete. They are 2 ft. 6 in. apart and 6-in.
sluice valves are used. The liquid capacity of the coarse beds is
20,000 gallons, or 46 per cent. of the total. This capacity has not
been decreased since the beds were first used in 1898. There is a
population of about 4,200 now connected with the sewers, and about
100,000 gallons of sewage is being treated daily.
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The operation is as follows:—

A coarse bed is filled to within about 4 in. or 6 in. of the sur-
face of the bed material, and allowed to stand full about two hours,
then emptied slowly, taking about one hour. The same process is
employed with other beds. The beds are allowed one week’s rest in
five. The coarse beds are charged by shallow bays 8 ft. or 10 tt.
wide, running across the entire width of the bed, and sunk about
6 in. below the level, and are cleaned by skimming the surface and
lightly turning it over, after a week’s rest. On the medium beds
the sewage is distributed by 12-in. half channel pipes, having 6-in.
branches, 2 ft. 6 in. apart. The spaces for drainage at the bottom
of the beds are filled with large clinkers. The surface of the
medium beds requires no attention, but the surface of the fine beds
requires occasional weeding. No particular method is adopted for
dislributiﬁg the sewage on the fine beds. Tomatoes are grown on
the coarse beds.

SUTTON, SURREY.

This town was one of the first to adopt the bacterial treatment
of sewage, and the beds have now been in use four years, with very
satisfactory results. The population of Sutton is about 18,000, and
the daily flow of sewage 550,000 gallons. The sewage was formerly
precipitated with lime, and the precipitation tanks were converted
into bacteria. beds when the system was first introduced. These
beds are 55 ft. x 35 ft. and 3 it. 6 in. to 5 ft. deep. There are
now seven coarse beds and five fine ones. All the new beds are built
i clay, the coarse beds being 125 ft. x 45 ft. and 150 ft. x 135 ft,,
but the smaller size seems to be preferred. Fine beds are used for
second contact and are 160 ft, x 30 ft. and 170 ft. x 30 ft. The
filtering material has been used in some of the fine beds for four
years, and they are only raked over in summer to prevent growth of
weeds. The fine beds are ridged and furrowed, and the material
used is coke breeze and burnt ballast. The effluent runs into a
small creek and is very satisfactory. There are also a few small
septic tanks which are covered with galvanized iron sheeting. The
beds take 1} to 2 hours to fill, care being taken to prevent the sew-
age from reaching the surface of the beds, the flow being stopped
as soon as the level rises to within a few inches of the top.
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BACTERIAL METHOD OF SEWAGE DISPOSAL, 37

In 1891 and 1893 the original works were constructed, and
designed for chemical precipitation and broad irrigation, and until
1896 the whole of the sewage was treated by chemicals. The
effluent, however, was not such as to satisfy the requirements of the
conservators of the River Thames. There was also considerable
difficulty in getting rid of the sludge, as there was no demand for it,
and in 1896, at the suggestion of Mr. Dibdin, the eminent chemist,
they constructed the first bacteria beds for the treatment of crude
sewage in England.

Mr. Chambers Smith, borough surveyor, informed me that the
bacterial treatment was much cheaper and more satisfactory than
the old system of chemical precipitation.

EXETER.

The first septic tank installed in England was at Exeter, and
was constructed by Mr. Cameron, city surveyor, in 1896. It is a
small plant for the treatment of the sewage from the St. Leonard’s
district, the population being about 1,500, and the daily flow of
sewage 90,000 gallons. The septic tank is 65 ft. long by 18 ft.
wide and 7 ft. 6 in. deep. There are five filters, one being held in
rescrve. These have each an area of 80 square yards and a depth
of 5 ft. Furnace clinker is used in four of the filters, and broken
coke in the other. No attendance is required, the flow and dis-
charge being controlled by an automatic arrangement. The material
used in the construction of the tanks, etc., is concrete. The septic
tank has not been cleaned since it was constructed; the effluent is
very good. A new plant is now being constructed to treat the whole
sewage, providing for a population of about 55,000. In the im-
mediate vicinity of the works there are several residences, and the
writer was informed that no complaints have been made.

BARRHEAD.

The population of Barrhead is 10,000, and the daily flow of
sewage is from 350,000 to 400,000 gallons. The works in this
town were constructed by the Exeter syndicate, and the septic tank
and one contact is used. There are four septic tanks, 100 ft. x 18
ft. x 8 ft.; two settling tanks or grit chambers, 18 ft. x 6 ft. x 5 ft.,
and also eight contact beds, 54 ft. x 54 ft. x 4 ft. deep, the
material used being clinkers. The beds are underdrained with




38 BACTERIAL METHOD OF SEWAGE DISPOSAL.

agricultural tile drains 3 in, to 2} in. in diameter, placed 2 ft. apart,
and the walls are composed entirely of concrete. The time occupied
in filling the beds is 1§ hours. The same period is taken to empty
the beds, and the sewage is allowed to stand ¥ hours The cost of
the works was $25,000. Alternating gear is used to control the flow
and discharge from the pipes, and one man is employed. The
eflupnt appeared very good, and, although there were two dairy
farms in close proximity, there have been no complaints, The
works have been in operation two years,

In addition to the above places, Manchester, Sheffield and Leeds
have been conducting for some years past a series of very elaborate
experiments, and Manchester is so satisfied with these that the city
is now engaged in constructing works consisting of septic tanks
and bacteria beds, for the treatment of all the sewage of the city.

The writer is especially indebted to Mr. Gilbert J. Fowler,
Superintendent and Chemist in charge of the Manchester Corpora-

tion Sewage Works, for a great deal of the information contained
in this paper.

Toronto, January 15th, 1902.
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UNDERPINNING THE WEST WALL OF THE STOKES BUILD-
ING, 49 CEDAR STREET, NEW YORK CITY.

T. KENNArRD THOMSON, C.E., M. Awm. Soc. C. E.

In February, 1900, the Mutual Life Assurance Company awarded
a contract for the foundations of their new building on Cedar and
Liberty streets to Arthur McMullen & Co. This contract involved
making four stories below the street level and placing the cellar
floor 35 feet below the water level, which, of course, necessitated
supporting the adjacent walls, as the foundations of the new building
were to be from 60 to 80 feet below the foundations of the adjoin-
ing walls, which were resting on quicksand near the surface of the
standing water. Much of this was described and illustrated by the
writer in the Engineering News of March 28th, 1901, but the under-
pinning of the Stokes Building was only slightly described in that
publication. Owing to the fact that this wall was very badly con-
structed it caused a good deal of worry until it was safely under-
pinned. The New York Building Law, although full of many
absurdities, is very explicit in one respect where it states that the
owners of adjacent buildings must give the contractors free access
to their property in order to protect the same from damage, or else
take the responsibility of making their building secure themselves
while the foundations for the new buildings alongside are being put
in at a lower level. But in spite of this law the Stokes people caused
a good deal of delay to us before giving us access to their property,
with the result that it was the middle of June before work was
started on this unique wall. It might be termed a combination
wall, inasmuch as the Cedar street corner had no iron columns,
but consisted of a good brick pier for the whole twelve stories. 'I'he
northerly corner had a heavy cast iron column 24 x 28 inches, with
1 3-4 inch metal in the basement, first and second stories, above
which was brick work alone. Between the two corners were three
cast iron columns 16 x 15 inches, 1} inch metal for the first five
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40 UNDERPINNING WEST WALL OF THE STOKES BUILDING.

floors with an 8 inch brick wall, and above the fifth floor was
nothing but a 12 inch brick wall. The four columns rested on
good granite caps supported by good brick piers, which were vertical
on the outside of the Stokes wall, but stepped off on the other three
sides, making a broad base, but eccentrically loaded. These granite
caps had been very badly set and were all cracked through the
middle when first loaded. In fact the entire wall seemed to be as
flimsy and disconnected as possible, and before sinking any caisso.s
for underpinning purposes it was absolutely necessary to bind the
various parts together so that jacking against one portion of the
building would not break it in two, and the only possible way to do
this was by means of plate girders from one end of the building to
the other. As the three centre columns rested eccentrically on the
edge of their brick piers, it was not safe to undermine these piers to
place the girders below the granite caps, nor was there room to place
the girders between the bases and the street floor, and the only place
left was just above this floor. 1t was therefore decided to use 6
feet deep plate girders, one on each side of the columns, with the
bottom flange about the level of the ground floor. As it was not
d sirable to run this girder outside of the building line above the
sidewalk, the plan of supporting the corner brick pier by inde-
pendent girders 18 feet long was adopted, leaving 4 feet between the
top of girder A and the bottom of girder B, girder B lapping over
girder A about 3 feet, which permitted girders A and B being con-
nected by a heavy column consisting of four 15 inch, 60 pound
channels, 16 feet long. The girders A and B were each 15 inches
back to back of web plates, which were drawn up close against the
sides of the 15 x 16 inch columns. As the corner column was 24
inches wide, and not on the same centre line as the 15 inch columns,
it was decided to splice the 6 foot girders about half way between
the corner columns and the first 15 inch column, making an offset
of 3 7-16 inches on the inside of the building and 5 3-4 inches on
th: outside, which was done by using 6 x 6 inch angles. (See Fig. 1.)

The corner column was so excessively large that all the holes
we wanted to drill in it could not affect the safe strength, so 63 bolt
holes for one inch bolts were drilled through the column and both
girders without reinforcing the column in any way. But the
owners of the Stokes building were afraid to trust the other three
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columns unless they were reinforced, so four 6 x 6 x 5-8 inch angles
12 feet long were bolted on each side of these columns, having the
bottom of the angles flush with the bottom of the girders and stand-
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ing up 6 feet above the girders. Twenty-five 1 inch bolts connected
each pair of these angles of the columns, leaving about three feet of
blank angle above the top bolt; this was the only modification in our

— e -m—m ————— R S ORI P

N A N R . A o

L AR 7 N o R T U TN TR S




42 UNDERPINNING WEST WALL OF THE STOKES BUILDING,

plans made by the Stokes people and was made so as to permit
clamping the four angles to the column, thus reinforcing the sec-
tion before getting down to the bolt holes. Twenty-one short bolts
connected each of these angles to the girders, which had in addition
seventeen long bolts through both girders and column., These girders
had 72 x3-4 inch web plates, one 6 x 6 x 3-4 inch flange angle top
and bottom throughout, with base plates where required. The flange
angles were of course turned out. All long bolts were nominally
1 inch in diameter, having one end upset to 1 1-32 inch and the
other end to 1 3-64 inch for a length of 2} inches, the middle of
the bar remaining one inch in diameter, the screw for the nut
end being slightly smaller to prevent injury in driving. This design
of bolt permitted tight driving through both girders and both sides
of the column. The 12 foot angles were made in pairs with one
angle punched in the shop and the other left blank, so that when one
was in place the holes were drilled clear through the column, then
its mate was put in place and the holes centre punched, the angle
was then taken down and drilled, after which the pair of angles were
put in position and the holes reamed out. These bolts were driven
just as hard as it was considered safe to drive without running a
risk of splitting the columns with a line of bolts as wedges. This
operation would have been tedious, the bolts going through the

girders and column, so a frame was rigged up to permit drilling the
holes from each side of the column, w

hich, of course, did not give
holes in absolutely true line through

both sides of the column and
girder, but it was found that al that was necessary was to shove a

bolt through from one side and see how far the hole on the other
side of the column, was off centre, and then give the bolt a slight tap
on a log of wood, and with a little practice the men were able to
bend the bolts to the exact amount required. Fach bolt was put
in a lathe, pneumatic, and each end was filed down until both ends
of the bolt had a good hard driving fit for its hole.

The first intention was to sink heavy cylinders between the
columns of the old building and carry the old columns entirely on
the girders, but when the Stokes people raised objections to leaving
the girders in permanently, claiming that because the top flange

would extend 4 inches into their room and decrease the rental value
ed to put down the caissons between the col-

thereof, it was resoly
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UNDERPINNING WEST WALL OF THE STOKES BUILDING. 43

umns first and carry the columns by means of these caissons and the
girders, and then undermine the columns themselves by new or
additional caissons, which of course would take the strain off of the
girders and intermediate cylinders. Before any work was done on
the building a partition was placed about 3 feet from the wall on
the inside of the Stokes building, so that the tenants would not be
disturbed in any way by the operations on the wall. This partition
was made of boards and studs with 4 inch terra cotta blocks behind,
and was then papered. Coming to an understanding with the
Stokes people, and putting in the partition and girders B and C took
time, so that it was July 21st before any caissons could be put
directly under the wall. In the meantime, however, a trestle had
been built at the north end of the wall, to hold 100 tons of pig iron
to resist the jacks used to enforce cylinder No. 9 down, as this cylinder
came entirely beyond the building and formed half of the temporary
support for the end column, for although this cylinder was directly
under the end of girder C, it'was not considered safe to jack against
the girder for fear of putting bending strains in the end column,
which as already stated, was of cast iron, and ran up only two stories.
Cylinder No. 9, the first eight being under another wall, was jacked
down to rock under this platform through 36 feet of quicksand, 12
feet of hardpan, and then through 9 feet of fine sand and decom-
posed mica. The jacking started on July 9th, and the cylinder was
filled with concrete on July 20th, or in 11 working days. As this
caisson was intended to be used only until the new cellar was com-
pleted, a temporary support was quickly made to go between the
cylinder and girder C, by taking four 20 inch I-beams, weighing 65
pounds per foot, and 10 feet ¥ 3-8 inches long, and bolting them
together in pairs with two 8 x 10 inch timbers for separators, Under
and also over this post were four 15 inch I-beams weighing 60 pounds
per foot and 3 feet long, to distribute the strain from the girders
above and to the cylinder below. Between the post and the upper
I-beams were two 8 x 1} x 20 inch plates over each of the four
vertical beams, with four steel wedges the same size as used on the
previous cylinders, each wedge being 23 inches wide, % inch thick
at one end, and 1 inch at the other end, and 18 inches long, and
of course planed on top and bottom. These 16 wedges were driven
until the girders were slightly deflected upwards. The pig iron
was then transferred to a similar trestle built under the curb to jack

A RIS I M R TR T YT 5




44 UNDERPINNING WEST WALL OF THE STOKES BUILDING,

down cylindrical caisson No. 11, which was started on July ?1st and
finished August 9th. By this time the Stokes people had decided
that our girders B and C would have to be removed before we left
the jobj; so it was resolved to stop three cylinders that did not come
directly under any old column near the top of the hardpan instead
of carrying them to rock like the other seven. This kicking by
their neighbours however saved the Mutual Life Company quite a
little expense and time; for instance, cylinder No. 10, which was
started the same day as No. 11, was completed on August 261h, or
in six working days, as against ten, No. 11 being delayed a couple of
days waiting for cast iron cylinders, although we had two different
shops at work on these cylinders since early in April,
The cylinders were the same as those used under the Mutual

Life Building on Cedar street, being 3 feet outside diameter and 33
inches inside diameter. The details of these cylinders, with their
steel cutting edge, diaphragm caps, etc., are fully described in
the Engineering News of March “28th, 1901. Cylinder No.
9, however, had three diaphragms, 4 feet, 9 feet, and 19 feet
from the cutting edge, as there was not sufficient head room
to jack down 9 ft. of cylinder before striking water and necessitating
the use of compresed air. Cylinder No. 10 went through 40 feet
of quicksand and 3} feet into the hardpan to get a good bearing,

Cylinder No. 11 passed through 35 feet of quicksand, 13 feet 4 inches
of hardpan and 7 feet of fine matexial under the hardpan, landing on
bed rock. Cylinder No. 12, commencing on July 31st, sank through
35 feet of quicksand and 2 feet 7 inches of hardpan, being concreted
on August 4th and 5th.  Cylinder No. 13 penetrated 32 feet of

quicksand and 3 feet 4 inches of hardpan, taking from August 7th

to August 15th. Cylinder No. 10 had five 15 inch at 60 pound
I-beams 3 feet 6 inches long on top of the cap, and four vertical
beams, the same as for the first eight cylinders, under the opposite
wall, but these were wedged directly under the webs of the girders,

On cylinders Nos. 12 and 13, the distance from the cap to the girders
being shorter, the horizontal beams were omitted,

The entire wall, with the exception of the Cedar Street corner,
now being carried by the girders B and C, it was safe to commence
undermining the four cast-iron columns. The brick piers and 3}
feet of concrete were very hard and slow to remove, even with the
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aid of a gadder drill, so that it was August 22nd before the sinking
of cylinder No. 14 commenced, where the material was found to be
32 feet of quicksand, 15 feet of hardpan, and then 10} feet of fine
sand and boulders. This cylinder was completed on September 5th.

1

‘ive 15 inch 60 pound beams were placed under the granite caps,

and the wedges driven between the beams and the cast iron cap
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until the column and granite cap above were lifted a hair’s width.
Cylinder No. 15, commencing on August 26th, passed through 30
feet of quicksand, 17 feet of hardpan, and 12 feet of fine material
under the hardpan, and was filled on September 4th; the wedging,
ete,, being similar to No. 14. Cylinder No. 16 is directly under

the corner column, and while the shoe and bottom section of the
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old column weré being removed, thus transferring the entire weight
of this corner of the building from the old base to the new girders,
a Y level was kept sighted on the girders from a secure position on
the opposite side of Liberty Street, and at no time did the weight
of the building cause the slightest deflection in these girders, C,
showing that the wedging had been sufficient to overcome any ten-
dency to deflect. Cy'inder No. 17, which supports one end of girders
A and B, and cons juently is half the support for the Cedar Street
corner brick colu.un, was held back until September 8th, until access
could be had to the place, and was landed on rock on September
25th, the hardpan being 14 feet thick and 9 feet above the rock.
As soon as No. 17 was filled and capped, girders A were put in
place. The erection of these two girders caused more worry and
anxiety than any other part of the work, for this corner consisted
of a brick pier, or rather column, 5 feet x 6 feet and twelve stories
high, and to cut a notch in one side of this column near the bottom
v feet high, and about 20 inches into the pier, or, in other words,
cutting off about 20 inches out of 60 inches to place the girders A
in, was cutting a big slice. Before making this cut four 12 x 12
inch inclined shores of timber were placed side by side, with their
tops braced against the floor of the second story and the bottoms
firmly secured about the level of Cedar Street. (See Fig. 2.) A
similar strut of four timbers was placed on the lot side of the corner.
Then seven inches of the 20 inches were stripped off the side of the
brick column and three 15 inch beams 6 feet 6 inches long and
weighing 60 pounds were put in place and wedged up while the re-
maining 13 inches were being cut out, and when this was done two of
the beams were removed and the inside girder A was put in place and
temporarily wedged up, when the third strut was removed and the
outside girder A was quickly slid in place and levelled up, and then
the two base plates and the cover plates were quickly bolted up. One
fact which relieved a good deal of anxiety about this corner, was
the fact that a few inches above the girder was a good granite cap
18 inches thick, extending under the whole corner, which greatly
reduced the risk of the brick work above cracking. As the vertical
space to this cap was only 6 3-8 inches, it was decided to use fifteen
4 inch rails weighing 60 pounds per yard, cut in 2 foot lengths and
placed side by side. A filler 3 inches x 5-8 inch x 5 feet was placed
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over each web so that the rails would not foul the heads of the cover
plate bolts. The rails were of course placed at right angles to the
girders, and over each rail were driven two pairs of wedges, the
upper wedge bearing directly against the 18 inch granite cap. Each
wedge was 274 inches wide x 12 inches long x 7-8 inch thick at one
end and 1-8 inch at the other. An assortment of shims 1-16, 1-8
and 1-4 inch thick, were used for evening up. The wedges were
driven hard, and then all the interstices between the rails were filled
up and the most tre:

icherous part of the underpinning was com-
pleted.

The next operation was the connection of girders A and
B, which was designed to carry eithe

r tension or compression: ten-
sion when the

jacks were being used on cylinder No. 18, to avoid
any danger of bending the super-imposed old column, and compres-
sion to carry the same column when the jacks had been removed.
Both girders were placed 15 inches back to back of web plates, and
the strut was made by bolting four 15 inch channels
to the webs of girders A
several 12 inch tie plates.

16 feet long
and B, the channels being coupled by
The girders proved rigid enough to with-
stand the application of two 125 ton jacks without deflection.
The entire western wall of the Stokes building being now
secured, the last cylinder, No. 18, was sunk to support the column
after the girders should be removed. This cylinder was started on
October 13th and completed 11 days later.. There we had 10 feet of
fine stuff under 10 feet of hardpan and 35 feet of quicksand on top.
The entire wall was thus wedged off its original supports. One cause
of worry was the poor connections of the old iron work; for instance,
the floor at one place was carried to the column by two 20 inch I
beams ; but the only connections between the beams and the column
were two 3-4 inch bolts for each beam. Tt is true that brackets had
been placed on the columns under the beams, but through some mis-
take in the shop they were placed 3-4 of an inch too low to do any
good. Several months after the work on this wall was completed.
these 3-4 inch bolts were sheared off, allowing the 20 inch beams
to drop on the shelf brackets. It is probable that as the ends of
these girders were exposed to the winter weather, that the expansion
and contraction had snapped the already overstrained bolts. When
all the joints exposed to view showed such a bad state of affairs, it
left considerable doubt as to what the remaining joints in the build-

ing were like, and therefore it was not considered advisable to remove
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the girders B and C until the iron work of the new building was
erected. It would of course have been vastly better to have left
both girders in permanently, but the Stokes people demanded $10,000
if the inside girder was left in, although they would have had a much
safer building at no cost to themselves. Eventually we removed the
cover-plates and flange angles of the inside girder, leaving both
web plates in place.

In this building, as before, when the concrete was put in the
air chamber to the level of the lower door when hanging open, the
air was left on for twenty-four hours with a gaugeman to watch the
indicator, but one Sunday night the man must have went to sleep and
allowed the air pressure to increase probably to the pressure in the
receiver, about 40 pounds per square inch, instead of keeping it down
to about 20 pounds. The result was that the air forced its way
through the 6 feet of hard concrete, bubbled up around the cylinder
and raised the surrounding sand a foot, allowing two feet of sand to
flow over into the cylinder. This and several other incidents proved
the utter unreliability of labouring men for gaugemen. Four hy-
draulic jacks were used on this job, two of 60 tons capacity and two
of 125 tons each. These jacks required a good deal of repairing.
Sometimes one jack was used on a cylinder and sometimes two
together.
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CONCRETE CULVERTS,

A. W. CAMPBELL.

A great many townships throughout the Province have largely
discarded timber as a material for small culverts and sluiceways.
(edar where obtainable has been most commonly used, but all
varieties of suitable lumber are becoming scarce, the price is con-
stantly increasing, and the quality now available is far from being
equal to that of former years.

Those municipalities which have experimented with vitrified
and concrete tile, have, with very few exceptions, been favourably
impressed with the new materials. Failure and some dissatisfaction
are occasionally reported, but this in every case can be traced to
causes not in any sense condemnatory of the new materials. Where
any kind of tile is used there are certain requirements which must
be observed. In the first instance the tile must be of good quality
It is just as necessary to use good tile in culverts as in sewers;
where “culled” tile are used, failure is almost of necessity the
result. These tile must be perfectly sound and straight, not
warped or mis-shaped in any way, otherwise good joints cannot be
made, water will lie in hollow places, and culverts are apt to
wash out.

Excellent culvert pipe of concrete can be manufactured cheaply
in any gravel pit under the immediate direction of the rpad over-
secr. The -pipes are from two to four inches in thickness, accord-
ing to diameter; which latter may safely and conveniently reach
three feet, in lengths of two and one half feet. ,

The implements required are of the simplest kind. The most
important are two steel spring-cylinders, one to sit inside the other,
leaving a space between the two equal to the thickness of the fin-
ished concrete pipe. By “spring-eylinder” it may be explained is

8.P.S. 4

A S T P S T IV D Y T o, S ST A




50 CONCRETE CULVERTS.

meant such a cylinder as would be formed by rolling a steel plate
into a tube without sealing the joint. With the smaller of these
cylinders the edges overlap or coil slightly; but are so manufactured
that the edges may be forced back and set into a perfect cylinder.
Accompanying these moulds are bottom and top rings, which shape
the bell and spigot ends of the pipe.

The two cylinders with joints flush are set on end, the one
centrally inside the other and on the bottom ring, which in turn
rests on a firm board base. The concrete, made of first-class cement
and well-screened gravel in the proportion of one of cement to three
of gravel, is then tamped firmly but lightly into the space or mould
between the two cylinders. The tamping-iron used to press the
concrete into place is so shaped as to fit closely to the cylinders.

The concrete is allowed to stand in the mould for a short time,
when the cylinders are removed; the outer and larger cylinder by
inserting an iron wedge into the joint and forcing the edges apart;
the inner cylinder, by inserting the wedge into the joint and turn-
ing the edges, so as to allow them to again overlap, returning to the
shape of a coil. The outer cylinder having thus been made larger
and the inner one smaller, they can readily be taken away, and the
concrete pipe is then left until thoroughly hardened.

Just such a number of pipe as are actually required for the
season’s work need be manufactured; the implements required are
inexpensive, and the pipe may be made by the municipality for
actual cost, which, after a little experience, can be reduced to a very
small amount.

If cement concrete pipe are employed, they must be of first-
class quality. They must be well shaped, as with sewer pipe, and all
the rules for making a good concrete must be ohserved—that is. {he
material composing the concrete (cement, sand and stone) must be
of good “quality, and properly mixed. The making of good con-
crete is not a difficult matter, but it is sometimes difficult to find
men who will follow directions. Dirty sand or gravel, too much
water, careiess- and insufficient mixing, neglect to see that the
materials are used in the right proportions, are the defects most
commonly found. Concrete cannot be mixed like common mortar,
and an attempt to do so is far too often made. Tt is affirmed by
cement manufacturers that masons are the greatest offenders in
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this respect; that it is almost impossible to get them to follow any
system other than that to which they have been accustomed in the
use of common lime; and that therefore an entirely inexperienced
but practical man, who will follow directions, will often make the
best concrete.

To meet with success in the use of tile culverts they must be
put in place properly. They should be laid with a good fall on a
regular grade to a free outlet, in such a way that water will not
stand in them. The tile should be laid with the spigot end down
grade, and the joints made tight with cement mortar. If the joints
are open water will work its way along the outside of the culvert, and
finally make a considerable channel which will allow the culvert to
get out of line and finally result in a “cave-in.” To prevent the
water finding its way along the outside of the pipe, it is advisable
to protect the ends with concrete, stone or brick head walls,
(Care should be taken to excavate a concave bed for the pipe,
with depressions for the bell of the pipe to rest in, thus securing
an even bearing, without which a heavy load passing over before tne
culvert has properly settled into place, may burst the tile. Tile
cannot be used in very shallow culverts, but must have a sufficient
depth of earth over them, to protect them from the direct pressure
of heavy loads. The depth of covering necessary increases with
the size of the pipe. At least a foot of earth over the top is advis-
able in every case, but for culverts of two feet in diameter, or
over, this should be increased to at least eighteen inches,

The earth should be well packed and rammed around the tile
to secure a firm bearing, and light soils should not be used immeai-
ately over or around the culvert. A heavy clay, a firm gravel, or
a compact sand or gravel will answer, but vegetable mould, water
sand, and light loams are subject to wash-outs. At the
outlet the culvert should be set mnearly filush with the
surface of the ground. If set higher than the surface, the fall of
water will wash out a depression, and in time will undermine the
end of the culvert. A too rapid grade will have the same effect,
and it is well to cobble-pave an outlet where this undermining
action is likely to occur.

Culverts, in many townships, are very numerous, and neces-
sarily so. Water should be disposed of in small quantities, along
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natural watercourses, otherwise if gathered in large bodies along
the roadside, it gathers force and headway, resulting in extensive
wash-outs, and is in every way more costly to handle. Water
should be taken away from the roads as quickly as possible, for it is
excess water that is the great destroyer of roads.

Culverts, in addition to being a matter of considerable expense
to municipalities, are too often in a bad state of repair, sometimes
dangerous, and when not level with the roadway, are an annoyanece
and interruption to traffic. Good roadmaking is largely a matter
of good drainage, and culverts are a detail of drainage upon which
municipal councils should bestow a good deal of attention, with a
view to a greater permanency, increased efficiency, and a reduction
of cost.

The concrete arch culvert is, in a number of municipalities,
replacing the old form of timber structure. Greater in first cost,
the concrete culvert, if rightly constructed, is a permanent saving
in road expenditure. The greater portion of the annual road appro-
priation is, in many townships, spent in repairing and re-building
wooden culverts and sluiceways. The life of timber in this work
is very short. Wooden culverts are quickly upheaved by frost
warped by the sun, and decayed by penetration of moisture. Wher-
ever concrete culverts have been fairly tested they give satisfac-
tion, and their general use by a township will mean, in the course
of a few years, a marked reduction in this branch of roadwork.

The stone arch is designed on the principle that it will remain
in place without the use of mortar. The concrete arch, on the
other hand, is a monolith, dependent upon its cohesive strength.
That the concrete arch is dependent upon cohesive strength points
to the necessity, in construction, of a generous proportion of cement,
very great care in mixing the concrete, and a good quality of all
materials employed.

A concrete can best be regarded as a mixture of mortar and
broken stone, the mortar being formed from a mixture of sand and

cement. Given a sample of broken stone in a vessel, the requisite
quantity of mortar can be gauged by pouring water into the vessel
until the stone is submerged. The quantity of water used will
indicate the amount of mortar required to completely fill the voids
in the stone. The proportionate amount of cement needed to fill
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the voids in the sand can be gauged in the same way. The pro-
portions of cement, sand and broken stone obtained in this way
would provide, with perfect mixing, a mortar in which the voids
in the sand are filled with cement and each particle of sand is
coated with cement; it would provide a concrete in which the
interstices of the stone are filled with this mortar, and each stone
coated with mortar. This would be the case with perfect mixing,
and would provide a theoretically perfect concrete. Perfect mixing
is not possible, however, and it is necessary to provide an amount
of cement in excess of the voids in the sand, and an amount of
mortar in excess of the voids in the stone.

With proper mixing and good materials, a satisfactory concrete
for bridge abutments can be formed from cement and broken stoae,
in the proportions of one, three and six. It is recognized that the
greatest strength in concrete can be obtained by making the mortar
rich in cement, rather than by lessening the quantity of stone, but
bevond providing for a strong adhesion of mortar and stone, little
is gained by making the mortar materially stronger than the stone.
The foregoing applies to crushing strength, however, rather more
than to the tensile strength required to some extent in the arch.
For the arch proper, it will be well to use a richer concrete, in, say,
the proportions of one of cement, two of sand, and three of broken
stone,

The cost of the abutments may be lessened, where they are of
sufficient thickness, by the use’ of rubble concrete, The casing or
curbing must be built up as the laying of the concrete proceeds.
Within the casing and firmly tamped against it, there should be
placed fine concrete to a thickness of about six inches. This will
form a shell for the abutment, inside of which large stones may be
placed in rack-and-pinion order, ends up. There should be a space
of at least two inches between the stone, filled with fine concrete,
and all firmly rammed. The outer shell of fine concrete should
always be kept built up six inches or so in advance of the rubble
work. The rubble should be placed in layers, each layer well flushed
with a layer of fine concrete,

The lumber used in making the curbing or casing should be
dressed, tightly fitted and firmly braced, so that the concrete may
be well rammed into place.  The framework should be closely
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boarded up against the work as it proceeds. The centering for the
arch should be well formed. The ribs should not be farther than
three feet apart. The lagging should be three inches thick Qnd
dressed to the intrados of the arch. All the framework, centering
and supports should be substantial and well constructed. This
framework is a considerable item of expense in the building of a
culvert, but it can be used as often as it may be required for arches
of similar span. The exterior of the culvert when finished should
have a smooth face, free from holes; and a surface coating, which
is of little use, should not be necessary.

There is some difference of opinion as to the relative strengths
of gravel and broken stone in concrete. The natural inference is
to suppose that a rough, irregular surface will secure greater adhe-
sion than one that is smooth. However that may be, there is little
reason to doubt that gravel will make a good concrete, but there is
a right and a wrong way of using gravel. It is not uncommon to
find cement and gravel just as it is taken from the pit, mixed to
form a concrete. Remembering the proper composition of a con-
crete, and placing beside this the fact that gravel usually contains
sand, but not in any definite proportions, and that some pockets of
“gravel” may be almost completely sand, while in the layers
adjoining there may be little if any sand, and that many gravel
beds contain much clay or earthy material, it will be readily under-
stood why it is that, in some cases, concrete mixed in this way
may be successful, yet it will always be uncertain and hazardous.
The only safe method is to separate the stone and sand composing
the gravel by screening, then to mix cement, sand and clean stone
uniformly and in their right proportions, :

A cause of poor concrete is the excessive amount of water used
when mixing., The tendency very often is to bring concrete to the
same consistency as common mortar. Concrete when ready to be
placed in the work should have the appearance of freshly dug earth.
Where an excessive amount of water is used, the hardened concrete
will have an open, spongy texture.

The concrete should be mixed at a point convenient to the
work in a box which is sometimes specified as water-tight, but the
concrete will quickly make it so. It should be mixed in just such
quantity as is required, and a constant stream kept passing to the
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work. It should be laid in layers, each layer thoroughly rammed
until moisture appears on the surface.

It is very necessary to see that the sand and stone used in mak-
ing concrete are clean, that it is free from clay, loam, vegetable
or other matter which will act as an adulterant, and result in' a
weak and friable concrete. If such matter is intermixed with the
stone it is well to flush it away with a good stream of water. Large
stone used in rubble concrete should be also treated in this way.
It is well, particularly in hot weather, to dampen the stone before
mixing it with the mortar. The heat of the stone in hot weather
causes the moisture of the mortar to evaporate, causes it to set too
quickly, and at all times there is more or less absorption from the
mortar in immediate contact with the stone, unless the stone, as
intimated, has been dampened.

When the work ceases for the day, or is for other reasons
interrupted, the surface of concrete should be kept damp until
work is resumed. When work is in progress in hot weather, any
exposed surfaces should be kept damp and protected from the rays
of the sun, otherwise the surface will, in setting too rapidly, be
interlaced with hair-like cracks which, filling with water in winter,
and freezing, will cause the surface to scale off. The same scaling
sometimes results from laying concrete in frosty weather.

Arch culverts of masonry or concrete fail frequently from
settlement caused by an insecure foundation. The foundation
should always be of at least sufficient depth to be free from any
danger of undermining by the action of the water, and of suffi-
cient further depth to be safe from settlement.



A MODERN SHIP-BUILDING PLANT.

J. Roy CockBURN, 01,

In view of the fact that ship-building is yearly becoming of
greater importance in both Canada and the United States, as well
as in other parts of the world, I venture these few remarks on the
subject.

If Canada wishes to compete with other countries in ocean and
lake transportation, it is important that the ship-building industry
should be developed. Canada has certainly all the necessary resources,
Perhaps the only difficulty is that labour is somewhat more expen-
sive here than in some parts of the world, but it is not more so than
in the United States.

Nearly all the great shipyards of the world are the result of a
great many vears growth and development, and were started years
before the advent of great labour-saving machinery, so that when
such equipment was afterwards installed it could not be used to the
greatest advantage. This objection does not exist, however, in the
case of a new plant being built.

To the best of my knowledge there is but one large ship-building
plant in the world where everything is arranged and laid out in a
thoroughly up-to-date manner. I refer to the plant of the “ New
York Ship-building Co.” of Camden, N.J., where I had the pleasure
of working last summer and which I will now try to briefly describe.

The name of the company was so chosen that it should, in any
part of the world, be suggestive of America, and also because it was
originally intended to locate the plant somewhere in New York
harbour.

However, the site was finally chosen at the southern end of the
city of Camden, opposite Philadelphia. The property has a front-
age on the Delaware River of about 3,600 feet, and a width of about
1,800 feet. The land is very suitable for the purpose of ship-build-
ing, the underlying strata being of white sand, gravel and clay.
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A MODERN SHIP-BUILDING PLANT. 57

The area of the property is about 130 acres, besides a two-acre
lot on the opposite side of the street on which the main office build-
ing is situated.

The following are the chief objects which were kept in view
in the designing and building of the plant:—

First—Convenience in the transfer of material from one field
of operation to another.

Second—The arrangement of the ways so that ships up to 1,000
feet in length may be built under cover.

Third—An arrangement of shops that will permit of an increase
of from 50 to 100 per cent. in capacity.

Fourth—Such isolation of structures as will reduce to a mini-
mum danger from fire.

Fiftlh—Facilities for the ready handling of material received by
rail and water.

On the side of the property next to Broadway, is a strip of land
120 feet wide reserved for ornamental purposes, and adjoining this
is another reservation 128 feet wide for highway and railway pur-
poses. There is ample room on this for six parallel tracks, each
3,000 feet long, connected with both the Pennsylvania and Reading
Railroads. The buildings themselves are almost entirely free from
tracks, such only being laid as are necessary for unloading material.

Track scales are provided to accommodate two cars of the
largest size, and to weigh 300,000 pounds. A coal trestle has been
Luilt from which coal is dumped into bins sufficiently large to hold
three months’ supply.

The main building is enormous in size and unlike that in any
other plant. Here all metal working departments are under one
roof. The floor space is over 18 acres, and light is admitted by
four acres of skylights, and two acres of windows.

There are more than forty travelling cranes ranging in capacity
from seven to one hundred tons. All are driven by direct current
motors. The one hundred-ton crane is carried on a span of 120
feet, and its field of operation covers the machine shop, ways, and
outfitting slip, so that it may be employed to lift an engine or boiler
bodily from the machine shop, and deliver it in a vessel, either on
the ways or afloat. Each of the smaller cranes has its own field

e g+ -

RO LR -

B

;
i
j'.
11
1l
|
|
{
f
:
|
|
i
;
{
.
!
1;

e




58 A MODERN SHIP-BUILDING PLANT.

of operation, and an original type has been installed, which by means
of an extension arm, is able to deliver and receive material without
re-handling  (this type was installed by Pawling & Harnispfeger,
Milwaukee).

A great many of the cranes used for handling steel plates are
equipped with powerful electro-magnets controlled by the engineer
of the crane. The latter brings his electro-magnets over the plate,
turns on the current, and the plate, now the armature of the magnet,
can be lifted and carried to any place in the shop. It is instantly
released by turning off the current.

MACHINE SHOP.

The machine shop is very large and roomy. There are three
bays and one lean-to. Along each side of the machine shop run
large galleries connected with the main floor by iron staircases. In
the east gallery are a miscellaneous storeroom, and an electric repair
shop, with lathes, shapers, drill presses, forges, etc. In the west
gallery is the pipe shop which is thoroughly equipped with pipe-
cutting and threading machines, lathes, drills, and grinding machines,

The lean-to contains the brass shop, a storage, and a tool room,
a forge shop, and a tool manufacturing room, where a methodical
system is employed for the supply of tools to the workmen, who are
not required to sharpen their own tools, but return a dull one, getting
a sharpened one in its place. Here also are clothes-closets, wash-
rooms, ete., for the workmen, all fitted with the best sanitary devices.

The following very heavy machines are all of special design
and specially built for the company: The first is a sixteen-foot
vertical Niles’ boring mill, fitted with three arms, two for use when
the work revolves and one (the central one) for use when the work
i¢ stationary. The next machine is a large Sellers’ drilling, boring
and milling machine with an eight-inch spindle. This machine is
equipped with steel scales and verniers for placing the work on the
table, and measuring it in each direction.

There are two band saws for cutting steel, such as for cutting

out eccentric straps, ete. These were built by the Noble & Fund
Co., of England.

There is a horizontal milling machine from Bement-Miles &
Co.; two Newton milling machines; an open side planer, 72 in. x 72
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in. x 28 inches; a Betts’ planer, 96 in. x 96 in. x 36 inches; two
double-headed lathes, one 48 inches by 60 feet, and one 60 inches by
60 feet; two Niles’ horizontal boring and milling machines, and a
great many other smaller machines.

The erecting floor is in the west side of the shop and is served
by two cranes, besides the 100-ton crane previously mentioned.

BOILER SHOP.

The boiler shop is directly north of the machine shop, and
separated from it by a low partition only. It is also adjacent to the
vlate storage department, from which the plates are taken rolled by
the straightening rolls, and delivered to the boiler shop.

The boiler shop is served by four cranes, one 60-ton crane, one
10-ton crane, #nd two 7i-ton extension cranes similar to the one
mentioned before.

The hydraulic rivetter, built by Wm. Sellers & Co., is of special
design. It is designed to operate withea pressure of either 50, 100,
cr 150 tons. There is also a 160-ton hydraulic flanging machine
equipped with dies for upsetting stay bolts, flanging furnace mouths
and making manhole covers.

The large boiler drill which was built by the “ New York Ship-
building Co.” has a capacity for boilers from 6 feet to 20 feet in
diameter and 20 feet long. It has three drill heads each contain-
ing four spindles, which can be operated at the same time, and which
are adjustable in all directions.

BLACKSMITH SHOP.

The blacksmith shop is very free from gas and smoke, all the
forges being furnished with exhaust hoods. There are several steam
hammers as well as a complete drop forging plant, nut and bolt
machine, ete.

FRAME AND PLATE SHOP.

The frame and plate shops are located side by side and adjoining
the blacksmith shop. In this department are drills, countersinks,
and like tools, moving over a field of 20 feet or more in diameter.
Here is installed the first joggling machine in use in America, and
all ships being built are of joggled plating. This machine so bends
the edges of the plates that they shall, wherever lapped, present a
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60 A MODERN SHIP-BUILDING PLANT.

plane surface on the outside. There is also a scarphing machine to
plane off to a feather edge the steel plates, and two Sellers’ plate
planers used for planing and calking the edges of the plates. At the
erd of this shop are the laying off tables, where the plate is marked
according to the template made in the mould loft. Those plates
which are to be bent are carried to the plate furnace, which is ¢ feet
G inches broad by 28 feet long. At the southern end of the shop
are two rolls, one of which can handle a plate 27 feet broad, and the

~i

other is used for rolling mast plates.

THE MOULD LOFT.

The mould loft where the templates are made is located over
the plate shop. At the south end of the loft is a draughting-room
entirely distinct from the hull draughting-room, where about twenty
draughtsmen are employed to make drawings for each shape and
plate that goes into a ship. From the lines furnished by the hull
draughting-room the body plan of the ship is laid down on a marble
table. The offsets from this table are given to the mould lofts-
men who make the templates of the frames, ete.

THE LAUNCHING WAYS,

The launching ways are at the end of the frame and plate shop

and directly opposite the machine shop, where the engines are
assembled. ~ All departments, including the launching ways and out-
fitting slip, are under one roof, the clear height of which, above the
water, is about 125 feet. The depth of water in the slip is about
30 feet at low tide. There are seven parallel launching ways, and
each may be extended to build a vessel 1,000 feet long. Adjoining
the slip are two piers, one 1,000 feet long, and one 1,200 fee

t long,
each having 30 feet of water on either side.

FIRE PROTECTION.

The system of fire protection is very complete. All depart-
ments such as pattern shop, joiner shop, power house, paint shop,
and rigger’s loft are sufficiently removed from each other so that
a fire occurring in any one may be confined to that particular one.

Water for fire protection is furnighed by three 1,500 gallon
Pumps, through mains ranging in diameter from 16 inches down,
and the outside and inside of each building is thoroughly equipped
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A MODERN SHIP-BUILDING PLANT. 61

with hydrants and hose in addition to a complete sprinkler system,
so that fire risk is almost completely eliminated.
POWER HOUSE,

The power house is a building about 100 feet by 200 feet, situ-
ated on the line of railway reservation. The boilers are of 2,500
horse power and are fitted with a Greene economizer and the usual
feed pumps and heaters. The smoke stack is about 200 feet high
and 8 or 9 feet inside diameter, It is large enough for boilers of
double the capacity of those now in use. There are two main
engines of 750 horse power each. They are cross-compound Corliss,
baving cylinders 18 inches and 36 inches diameter by 42-inch stroke,
and make 120 revolutions per minute, They are direct connected
to two 500 K. W. generators of the rotary converter type, supplying
both direct and alternating current, the latter being of two phases.
In addition there is a 50 K. W. direct connected, direct current
generator. The exhaust may be led either to the open air, to a jet
condenser, or into the heating system of the shops. All the large
machine tools are driven by direct connected induction motors. The
general illumination is by about five hundred enclosedarce lamps, while
the offices and individual tools are lighted by incandescent lamps. Com-
pressed air is supplied by a compressor of 5,000 cubic feet capacity
per minute, at a pressure of 120 pounds per square inch.
Hydraulic power is supplied by two compound pumps each having
a capacity of 400 gallons of water per minute, at a pressure of 1,500
pounds per square inch.

The three kinds of power are carried underground to the main
buildings, where they are distributed. The great advantages of a
system of power transmission without belts or line shafting are so
obvious that it is not necessary here to make further comment on
the subject.

The drinking and general service water is taken from artesian
wells on the premises. It is pumped to all parts of the plant and
has a uniform temperature of about 56 degrees F. The plant has
also a complete and up-to-date sewage system.

OFFICE BUILDING.

The office building is a plain structure on the east side of Broad-
way. It contains two large draughting rooms, where about one hun-
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dred and sixty draughtsmen are employed, blue print rooms, library,
fire-proof vault, and all necessary offices and rooms. The basement
contains a bicycle room, a museum, three large dining rooms, with
accommodation for two hundred people; and toilet rooms for those
employed in the office. There is a complete telephone system con-
necting the office and all departments, as well as a staff of messenger
boys who run errands round the plant,

An ingenious system of marking material has been adopted, by
means of which the ultimate destination of any piece is indicated.
A whole number is employed, which is the number of the ship to
which the piece belongs: the first number to the right designates
that the part belongs to the hull or machinery or other part, ete.
The number 1.5421 on a casting indicates the following:

(1.) means that it belongs to ship No. 1.

.0 means that it belongs to the machinery.

.04 means that it belongs to the main engine.

.002 means that it belongs to the bed plate.

.0001 means that it is No. 1 section of that bed plate.

2.5421 would mean the same part for ship No. 2.

They intended to employ about 5,000 men when all depart-
ments are full. My number was 4,422, so that gives a fair idea of
the number employed.

Last summer the company had under contract about ten ships
varying in size from 310 to 625 feet in length. The company was
organized in the spring of 1899, with a capital of $6,000,000.

To sum up, the New York Ship-building Co. has now in Cam-
den one of the greatest of ship-building plants, It has contracts on
hand that give it sufficient work to establish it on a firm basis, and
it will without doubt, if wisely managed, prove an engineering and
financial success; let us hope to see in the near future a similar
institution in this country.
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THE YOUNG GRADUATE AND THE PROFESSION OF
ENGINEERING.

MINING

H. E. T. HavLrain, C.E., A. M. Can. Soc. C. E.

Both in my own experience and in my observation of young
graduates from engineering schools in all parts of the world, I have
found a general ignorance of the profession as a whole generally,
coupled with a very much distorted view of the young graduate’s
position in, and relation to, his profession. This is probably to
a very large extent unavoidable, but it has always seemed
to me a very important point, and I.should strongly like
to see a series of lectures on the subject embodied in the general
curriculum of the school. Doubtless very much of such knowledge
must ‘be personally and painfully learned by experience, but a very
valuable skeleton of information could he built up in the lecture
room. In the short time at my disposal, I will attempt an outline
of the profession of mining engineering as I in my limited experi-
ence have found it, and attempt to deal with some of the more
prominent difficulties that will be encountered in the early days of
the Young Engineer’s career.

Kipling says:

*“ When the waters were dried an’ the earth did appear,
The Lord, He created the Engineer.”

And, from the first, the mining engineer must have been a man of
prime importance in his class. As time went on, and all structures
depended more and more, either in their fashioning or in their
material, upon the supply of metals, so would the importance of the
miner become greater. In France and Germany this is recognized,
and mining engineering ranks ahead of all other branches of engi-
neering, but in our English speaking communities it is not officially
accorded the same recognition, and possibly the miner is often con-
sidered rough and unfinished in his methods, a pioneer occupied in
coping with nature in the rough and lagging far behind the polish
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and finish of the scientific engineering of the cities. It is true he
is a pioneer and that he deals with the forces of nature in her crudest
and roughest forms, but he does it with a wider range of scientific
knowledge than that possessed by any of his engineering brothers.
He needs and he makes use of the specialized knowledge of all other
branches of engineering in addition to such that is peculiarly his own.

The profession of mining engineering embodies very much more
than any one man’s mind could possibly encompass, and there is a
limitless number of subdivisions or combinations of subdivisions for
the specialist in which to bury himself.

In general, mining engineers are divided into two main classes,
viz., Mining Engineers and Metallurgical Engineers. Under this
classification in its closest sense, the mining engineer has to do with
the getting of ore to the point where it lies in a broken state at the
surface, and the metallurgical engineer carries on the work from
this point, until the metals are finally extracted from the ore. But
as a general rule the metallurgical engineer’s work is confined to
smelting operations, while the processes of mechanical concentration
of ores, and even the leaching and lixiviation processes, are in the
hands of the mining engineer in charge of the other mining work.
The reason of this is to be found in the fact that as a rule the
mechanical concentration and the lixiviation of ores is carried on
at the mine under the one management; while smelting is generally
done at some central point at a distance from the mining operations.
The department of smelting T must leave out of consideration, and
trust some other graduate will take up this very important branch.

Of mining engineers proper, there is a rough classification that
will divide them into two classes: the engineers connected with the
large permanent mining centres, usually coal and iron; and those
connected with the general mining industry scattered all over the
world. Tt is with the work of the latter class that my experience
has been, and it is with them that I will deal. This class of mining
engineers is again subdivided into two main classes—the consulting
engineer and the managing engineer, and the thoroughly competent
consulting engineer will have passed through the stage of managing
engineer. The work of the consulting engineer can be divided into
two main divisions — reporting on the value of properties and
reporting on the management of properties. The term managing
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YOUNG GRADUATE—PROFESSION OF MINING ENGINEERING, 65

engineer would embody in its general sense all the engineers resi-
dent about a mine, and would include assayers, chemists, surveyors,
mechanical engineers, electricians and those engineers skilled in
concentration and lixiviation processes.

The prominent consulting engineer would have his headquarters
at some commercial centre—London being the particular home of
this class—and he might or might not have assistants or partners in
parts of the world nearer to the mining centres. A large part of his
work—perhaps his sole work—would be the examining of, and
reporting on, the value of mining properties in various parts of the
world. This is of course most important work and is correspond-
ingly paid for. 1In this work experience and judgment, built upon a
foundation of wide scientific knowledge, coupled with a well balanced
commercial sense and the necessarily ever present disinterested in-
tegrity, are the main requirements. It is a position of the utmost
commercial responsibility, a single report often controlling the
ipvestment of millions. The keynote of success is of course Reputa-
tion, and before a man could expect to succeed at this work, he must
have built up a reputation, and have made friends. The fees tor
this kind of work are high. Among prominent London engineers
the fee for a report of any consequence would not often be under
$5,000.

Consulting engineers located in either commercial or mining
centres also undertake the reporting on the management of mines.
They may visit the mine at intervals, or they may simply base their
reports and advice on the information, accounts, etc., supplied to
the company by the mine manager; and their advice might extend
to the supplying of detailed plans for development or for machinery.
Consulting engineers in this capacity are frequently engaged by
London companies owning mines abroad.

The position of a consulting engineer with a reputation, able
practically to choose his own work, travelling in many parts of the
world, returning always to his headquarters, and receiving most sub-
stantial fees, is a most enviable one, ahd is one looked forward to
as a natural consequence of years of successful work in the field.

But it is to the position of a managing engineer and the steps
subordinate to that position that I would more particularly draw
8.P.8. 5
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your attention. Perhaps I could not do better than outline the
duties and responsibilities in an actual case.

Take the case of a manager of an English Company owning
mining territory in Africa. They have one mine partially developed
and several prospects giving more or less promise of good values.
The Company is managed in London by a board of directors—non-
technical men — with a chairman at their head. This Board will
meet once a month, or once a fortnight, and will outline the general
policy of the Company. The details as far as the London end is
concerned are in the hands of the chairman, who relegates them
largely to the secretary, who corresponds with the manager in Africa.
The manager will have a wholesale power of attorney to do any-
thing and everything in Africa, and will be answerable for all his
actions directly to the Board. He will have an agreement or engage-
ment as manager, terminable as a rule by six months notice on either
side. He must of necessity have had the full confidence of the
Board before he was appointed, and must retain this to the full or
his position will become untepable. The Board will be completely at
the mercy of the manager—their only information being what he
chooses to give them in his letters and reports, together with that
obtained through an annual visit of a director or a consulting engi-
neer. The manager in turn will be very much at the mercy of the
misunderstandings and digappointments of the Board, and nothing
but full confidence can keep things running. The keeping of the
Board well and judicially supplied with information is perhaps one
of the most important functions of the manager.

Coming nearer to his work, we find him in charge of an isolated
community twenty miles or more from a settlement—100 miles from
a railway—with slow-going ox-wagons as the only means of freight
transport. |

First and foremost he must examine his ore deposits and then
with all the knowledge that he possesses of geology and mineralogy,
he must form some opinion of their probable value and outline a
method of development. With his already partially developed ore
deposit, all his past experience of the costs of mining and ore treat-
ment, together with all the information he can obtain in a raw
country concerning labour, power, fuel, transportation and markets,
will leave him in no high degree of certainty as to probable profits.
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YOUNG GRADUATE—PROFESSION OF MINING ENGINEERING. 67

He has to study the resources of the country, and to design his
plant accordingly. He is alone, single handed, and up against
the real thing. And he has to organize in a bare wilderness a larga
and complex business. While keeping his mind keenly on the deep
scientific problems of his various and varying ore deposits, on the
problems of haulage, timbering and ore treatment, he has to arrange
for the establishing of his camp, the housing of his men and ani-
mals, the purchase of innumerable supplies, and transportation over
ifficult country. He has to procure, and very often to a large extent
must be prepared to train, a most varied gang of workmen, skilled and
unskilled, in all branches of labour. He has to control a most mixed
loti of the roughest class of men, hoth white and black; at all times
he must preserve his personal influence and tone. He is the single-
handed autocrat of an isolated community, with nothing to main-
tain his authority but his own personality. He is spending large
sums of money, and spending it in innumerable ways that are diffi-
cult to trace and check. On all sides are men trying to get the best
of him in every proposition, and he must have the business side—
the commercial side—of his work organized to a degree unthought
of in many establishments nearer the centres of civilization.

While organizing and personally controlling these varied com-
plexities, he must ever keep a clear mind for the constant, careful
and well balanced study of the intricate scientific problems of his
work.

Let us consider some of these engineering problems:

In the first place his ore bodies differ in many respects from
any he has had any previous knowledge of—no two ore bodies are
the same. Nothing but experience—wide and varied experience—-
founded on a scientific training, is going to save him in the solution
of the problems involved in the exploration of his ore bodies.

He has one ore body so far opened up that sufficient values are
in sight to justify the installation of machinery on a large scale for
the breaking, mining and treating of his ore. Upon all the intricate

details T cannot touch, but let us look at some of the main problems
involved.

The first problem of mining his ore and protecting his under-
ground workings is one depending almost entirely upon judgment
and foresight based on experience, and is one that no amount of
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training or reading can solve for him. In any case he must work
tentatively—must feel his way. That probably is the keynote of ail
underground work—certainly of all the early stages. It is impos-
sible to see far ahead, and one must feel his way foot by foot, plan-
ning to-morrow’s work by to-day’s results.

But the planning of the ultimate development which must soon
be taken in hand is a large problem involving work spread over many
years, and the general skeleton of the plan must be laid out and
undertaken at once. Upon the position of his main working shaft
or tunnel the position of his surface works will to a large extent
depend. Into this problem must enter the problems of pumping,
ventilation, and haulage, and much calculation and well balanced
judgment are required for a satisfactory solution. The problem
involves not only a very large sum in itself, but it will always very
seriously affect the working costs.

Inseparable from this problem is the question of power. The
case I have in view has practically unlimited water power five miles
away, so that the question of power does not affect the hoisting
question; and it is found that for the first few years the most satis-
factory course is the running of a low level tunnel which will give
several years ore supplies above it, and which will always be the
main working tunnel.

The next problem is the treatment of the ore, and though the
manager ought to be capable of dealing with this problem himself,
he may call in the assistance of a consulting specialist.

And here comes in a very nice point:

It is of course out of the question that our mine manager should
know everything, or that he should know as much of detail as a
specialist in any branch, and very naturally the average business
man will say: Here is an isolated problem, let it be solved by the
specialist,

In the large mining centres are to be found consulting engineers,
who are disinterested specialists in milling and lixiviation processes,
and who make a business of such problems. They often are called
upon to supply complete plans,

In the first place, there is one statement that will hold under
all circumstances :—There is no isolated problem connected with any

Y

mine,
plex
SmMoot
tween
only |
hand,
the d
He m
I
tion v
with
introd
and I
1
is call
pared
carefu
ore d¢
with
impor
certail
]1(‘]'.\'()]]
treatm
when
design
operat
must |
If
the m:
be any
design
be in
one of
every
In
ous—ry
M
vices o



work
f ail
Npos-
plan-

soon
nany

and
shaft
ctent
ping,
nced
blem
very

The
niles
ting
atis-
give

the

the
self,

ould
1S a
ness

the

ers,
ses,

lled

der
any

e——

P

T
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mine. The mine and everything connected with it is one vast com-
plex machine, with all its parts and details interdependent, and
smooth running—successful running—depends on the balance ve-
tween all its parts, and upon their perfect inter-working. This can
only be achieved in one mind. There must be only one controlling
hand, and though it is not necessary for the manager to design all
the details, he must fully grasp the essentials of every department.
He must be responsible for everything.

If outside consulting advice is called in, it must be in consulta-
tion with the manager, and if the manager is incapable of dealing
with the subject, a most dangerous element of failure is at once
introduced. This is a most essential element of mine management
and I will refer to it later on.

If a thorough professional consulting engineer with a reputation
is called in to settle the problem of ore treatment, he may be pre-
pared to deal with it in its entirety, in which case he would go
carefully into all the conditions surrounding the problem from the
ore deposit to the market, and would do this in close consultation
with the manager, whom also he would carefully consider as an
important condition. Then after designing the plant he would to a
certain extent supervise construction, and on its completion would
personally attend to the early stages of its operation. For an ore
treatment plant is not like a small steam engine which will run
when supplied with steam. Even after most careful and capable
designing, there will have to be much adjusting of its method of
operations before the best results are obtainable, and this adjusting
must be done by a capable and responsible head.

If the specialist’s connection ceases on the delivery of the plans,
the manager’s responsibility will only then commence, and if there
be any failure in results the manager will blame the design and the
dcsigner will blame the method of operation, and the company will
be in the position of the man trying to sit on two chairs. This is
one of the commonest causes of failure and trouble in mining, and
every mining man can point to many incidents of this kind.

In the case I have described, the specialist’s fee would be enorm-
ous—probably much larger than the manager’s annual salary.

Most frequently it would not be possible to obtain the ser-
vices of a distinguished specialist, and recourse is often had to the
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manufacturers of mining machinery. They call themselyes special-
ists in such matters and very often are so, and have much experience
and data at their command, but we then have the an

omalous posi-
tien of the consulting engineer

and the contractor being one and the
same person. It is surprising how frequently this is the ¢

ase, and
it is not surprising that this is most frequently a ¢

ause of disaster.,
The manufacturer can never be a disinterested party. Condi-

tions do not permit him to make a thorough examination of all the

conditions. He will tell you what machinery to put in; it will be
his own and there will be as much as’ possible of it; it will be good
machinery, and he will guarantee the smooth running of individual
machines, but he will not guarantee the results, And 1]

1e will have
many excuses to show that the

blame of failure is not attachabl
him. He will tell you that the ore tre

sample sent him:

¢ 10
ated in the mill differs from the
that the construction was poor and the operation
You cannot pin down the manufacturer to re
too old a bird at the game.

is worse. sults—he is

What then is the manager to do?
He ought to he capable of designing his own plant. If he feels
doubts about it, let him engage a man who has knowledege of such
natters, engage him as an assistant—as a head of a department—and
let this man experiment on a laboratory scal

e in co-operation with
the manager.

After the manager, with or without outside aid

, has decided that
his ore is a free milling ore requiring

a subsequent treatment of
tailings by cyanide, and has decided on the gener
plant, he can safely go to the manufacturer
trusting largely to him for all details—for
of a mechanical engineer, and in this dep
is the highest specialist,

al main idea of his
for his machinery,
the details are the work
artment the manufacturer

The first plant will doubtless be a small one,
view to further increase, and also with a view of per:
able experimenting.

designed with a
nitting consider-

What T have said in regard to the ore treatment plant also holds
good with the tramway from the mine to the mill, and with the water

power plant, and with the electric transmission plant, with of course
some modifications.
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Aerial tramways come nearer to being isolated problems than does
any other part of the plant, and they are very frequently given over
to contractors, who guarantee tc erect the tramway and run it for a
short time. To a certain extent the tramway can be looked upon
as an isolated machine of the nature of a steam engine. But again
to make the contractor and the consulting engineer the same person,
even in so simple a matter as a tramway, tends to an unnecessary
waste of money and consists in paying to a contractor very much
more than what is already paid to the manager or his staff for the
same work,

In the case of electric machinery — electricity is perhaps some-
what removed from the mining engineer, but is daily becoming
less g0, and though the mining engineer would certainly never
attempt to design his dynamos, he certainly ought to know epough
to decide whether he wanted direct current or alternating machinery
and to be able rationally to check over the electrician’s figures as to
line loss, ete., ete.

To sum up this question of machinery, the manager should be
thoroughly conversant with all the standard types of machinery of all
the prominent manufacturers that might possibly be of use in mining
work, and this includes practically everything except heavy ordnance
and marine engines, though the knowledge of heavy guns possessed
by the mining staff in Kimberley was of considerable value last year.
With the detailed design of this machinery he need not unduly
burden himself beyond understanding the why and the wherefore of
every part. The manufacturer can be depended on for excellence of
detail. Thereon depends his existence.

The erection of his plant is an all-important part of the man-
ager’s work or of a most trusted assistant. To let this by contracts
generally ends in disaster unless most competent and keen watch is
kept on the contractor. Generally speaking, in all mining construc-
tion it is more satisfactory and more economical to watch over a
good foreman than to check a contractor. The contractor, like the
Indian, will be bad if he can be.

The operation of the plant will be the work of the heads of
departments always under the personal eye of the manager.

This is a bare skeleton of the work of the mine. It is filled in
with an interesting network of details of every kind, from the
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niceties ofsuhth-chvnnvnlinvvsﬁguthnltn the handling of a drunken
mob, and through it all must run side by side the deepest scientific
theught and the most cold-blooded business methods, tempered
always by the truest disinterested professional tone,

The manager will Lave to assist him in his work, besides his own
personal assistant, several heads of departments—a commercial sup-
enntmnkmtin(ﬂuwgo(H'HH*buyhu:und(A'Hu'hnoksand the com-
mercial side of the business general! surveyor, an assayer, super-
intendents or head foremen of mine, .. wnd cyanide plant, a master
mechanic, and foremen of the various sub-departments, and with
these the successful manager will keep in very close, intimate touch.

There is another phase of the manager’s work that I have not
yet touched upon—a department in which he remains alone.,

The mine is the property of a company, and the public pay very
lnludlpnurv:nlvntk)ntr»1h<*shnrvstlun1t]uj’¢h>t<v1h<-n1hnu and the
majority of shareholders expect to make very much more out of the
fluctuation hlthclnﬂmlnfshurvsthunthvy(h)unl14‘the mine. There
18 a constant and active buying and selling of shares, Now the man-
ager’s regular reports to his Board can very materially affect the price
of shares and his plans of operations do also very materially affect
the price of shares; discoveries will be made in the mine that will
make enormous differences in the value of the stock. In very many
ways the manager has a very large control over the price of the
stock, and if there be any deviation on his part from strict honesty,
from the true professional spirit of disinterestedness, he may be in
a position to make much money for himself or his friends. Here is
8 wide open temptation—a temptation so coarse and glaring—so
palpable—that it will in general be easily avoided, but it has also its
more subtle aspects, and the only protection a man has lies in the
inherent honesty, the professional spirit and tone of the true
engineer.

This is an outline of the position of a manager of by no means
large property, and may be taken as a fair general example.

As an example of the extent to which the business of mine man-
agement may grow, I would cite the case of The Consolidated Gold
Fields of South Africa. In 1897, in their engineering offices in
Johannesburg, they had fifteen draughtsmen in the surveying de-

partment, and seventeen more in the general department. Their
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chief engineer drew a salary of $60,000 a year, their chief mechani-
cal engineer drew $25,000, and so on. Of course this office did all
the engineering work for a large group of mines.

But it is the smaller propositions that tax the resources of the
mining engineer most severely, for in these cases he must himself
control every department and must carry out works that in larger
concerns would be in the hands of heads of departments in them-
selves specialists capable of carrying responsibility.

[p an examination of the duties of the mine manager, as I have
outlined, what do we find as the more prominent points? I think we
shall find that the most important point of all is confidence—mutual
confidence between the directors and the manager. To obtain this
the manager must be a man of experience—a man with a record—
a man who has made friends. The next point of importance is the
fact that the whole concern. first, last and all the time, is a business
proposition undertaken with the sole and only purpose of making
money, and as far as our engineer is concerned, making money
legitimately, though—and this is a point ever to be remembered by
the young graduate—there are always those seeking to make money
illegitimately. The whole concern in every department must be
organized on a commercial basis. The third point of importance
is the essentially scientific character of all the problems involved in
the finding, winning and tteating of the ore. In the young gradu-
ate’s technical course, his whole time and energies being occupied
with this latter point, he is apt to lose sight almost altogether of the
other two. But these three points are as inseparable as the three
dimensions of space, and any proposition founded on two only will
be a failure.

Of course there is an exception to this rule—the factor known
as luck may once in a thousand times upset all rational conceptions,

Besides these three fundamental points there are others of
nearly equal importance. All mining work is new work: every pro-
blem is a new one, differing in many respects from the engineer’s
previous experiences; every problem is complex, involving a large
number of facts and conditions often very obscure. The engineer
must be a man of varied experience, not only conversant with a wide
range of scientific knowledge, but with a very wide range of actual
experience. He must be essentially quick witted and he must have
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a lively technical imagination, ever ready to imagine new combina-
tions and possibilities. But his temperament and technical character
must be strong enough to allow this technical imagination full play,
without its carrying him off his feet into a wilderness of conjecture,

He must be physically strong—able to live anywhere and eat
anything; he must ever be ready to pack his blankets and his scientific
knowledge on his own back.

He must be a professional man in the fullest
term. He must have fone; I cannot define tone, it marks quality, or
shall T say gquality marks fone. And tone is as unassailable ag
it is hard to define. From the first step to the last the mining
engineer is surrounded by temptations of every kind; every tendency
within him will have free 0]
From the start he is aw

sense of the

pportunity to pull him towards disaster.
ay from the influence of custom and social
ties, and he who has never been absolutely free
can have little conception of the
But the temptations arising from avarice and ambition are the most
continually and persistently present. And these temptations are
often of the subtlest L yd—most frequently not having even the
appearances of temptation, and this is a ph

ase of his work in which
the engineer stands alone—a game in which he must play a lone
hand.

from these influences
extent of their controlling power,

Somebody—Gilbert Hamerton, I think—has said that the most
important characteristic of a critic should be disinterestedness, Dis-
interestedness is the foundation and skeleton framework of the whole
structure of the professional man. If he is not disinterested he is
nothing. He is an employee

and his interests always must be on
behalf of his employer,

This explains how the mine manager can
be a business man and stil] a professional man,

He is carrying on
business for another and he c

an carry it on only in the cleanest and
straightest of business methods,

Another thing to be
is that he has more
other forces of n

observed in the work of our mine manager
to do with human nature than with any of the
ature. He has to deal with his directors (2 one
hand, and with his employees on the other. He has to deal continu-
ally with the cleverest scoundrels and rogues of all classes and kinds.
He has to depend on his judgment of character in black, red, yellow
and white,
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Well, gentlemen, have I painted an impossible picture for you?
I have outlined the main skeleton frame of a possible structure—a
structure for which there is an enormous demand ; the completion of
the edifice depends upon the individual.

So much for what there is in front of us. Let us now consider
our first steps.

The young graduate, despite his hard work and scientific attain-
ments, is, as an engineer, well nigh as useless as the new-born babe.
I know you will not believe this—it is not compatible with your
vears and your efforts—it is probably jus' as well that vou don’t
believe it, but it is one of the first important things that you must
learn in the outside world.

How is thiz s0? Thus: the young graduate has had no experi-
ence (I know there are exceptions), consequently can have no judg-
ment, and therefore is absolutely incapable of resvonsible initiative.

Many people will tell me I am entirely wrong—that the voung
graduate is full to overflowing with judgment—that he will judge
anything or anybody, and as for initiative, he has the nerve and the
supreme self-confidence to tackle any proposition—to initiate any-
thing. Exactly—that emphasises what T mean—he has no judg-
ment—that is, no judgment that can be depended upon.

In England they put the embryo engineer in an incubator—-
that is—he is articled as a pupil for one, two, or more vears to an
engineer of standing and experience, and for this privilege he will
pay as much as $1,000 a year, and will receive no pay of any kind
in return for his work. With this idea T would be wholly in accord,
if the conditions in the colonies permitted it. T would not advise
for a colonial mining graduate an articled pupilage in England; but
if a western mining engineer would take him, he could not possibly
do better. But out here the conditions are different, and we have
to face conditions as we find them.

In the first place, many of our technical graduates have not
the means fo pay any pupilage fees, nor even to give their services
and time for nothing; they must earn soon after graduation. And
again I do not think you could persuade any mining engineer in
active work on this continent to accept pupilage fees or to have abont
him a pupil working for nothing.
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The young graduate must earn mo- ¢y, and it is a function of
the technical school to leave him in a osition to do this, and there
are two or perhaps three or even four .anches of work in which the
teechnical schools can turn out commercially useful men. 1 refer
to assaying and surveying, and to a certain extent, draughting.

The school can—if it chooses—turn out men who could take
hold of the position of assayer or of surveyor at any small mine, or
who would make excellent assistants on a large property. These
positions require practically no judgment or initiative, and the main
difference between the work at the school and the work at the miw,
consists in the rapidity that is required in commercial work, and
a certain ability to make shift with the anything but ideal
conditions and appliances that one may be up against. If to a
smooth working ]El]n\\']ul;jv of assaying and surveying, the young
graduate has added an active knowledge of book-keeping and cost-
keeping, he has three strings to his bow that will earn him a living
in any active mining camp.

It is a common saying in the West that if you cannot get one
job you should take two, by which is meant that you may often bhe
able to get a job as an assayer and book-keeper combined where
you could get nothing if you applied for either singly. My
advice to any technical school would he—make book-keeping
and cost-keeping and the commercial organization of engineering
business, an important part of your curriculum. My advice to any
student of a school where this is not part of the curriculum is, to
take steps to make a special study of these subjects at the earliest
possible opportunity,

The obtaining of a position as assayer or surveyor, and, from

that position, studying the actual working conditions of a mine, to
be ready for further advance

ment in your profession, is the orthodox
method.

The surveyor has the better opportunity—he is here, there
and everywhere on the property—mixed with everybody and sees
everything that is going on, and will be more naturally given the
position of acting manager or assistant manager.

However, before going any further, let us consider more fully
the functions of the first few years after graduation. The first
function doubtless is the earning of a living, and the orthodox way
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of doing this I have outlined. But if you stop at that, you will never
be an engineer. The main function is to get experience—wide,
varied experience—of everything you will need in after years. An-
other function is to make professional friends, but the main point
Is experience.

In your 8. P. 8. course you have had a most excellent training.
You have been trained to think—to reason—to read and to a certain
extent to observe—you have been trained to ask the question “ why #”
and to make an effort to rationally answer that question. You have
learnt much about the physical laws underlying all engineering
problems. The excavations have been dug and a very substantial
foundation has been laid for a very elaborate superstructure; and
further than this, the skeleton steel frame work has been in part
erected; and even still further, if the material for further erection
has not heen gathered, the method of obtaining it has at least been
indicated. You can live in the cellar if you like, but that will
never make a house of it—you will never be an engineer. You
must build on the foundation. You must fill in the skeleton frame
work—you must erect extensions to your frame work—this you
must do alone. Nobody else can do it for you. The elaborating of
the structure is by personal experience.

In my student days Prof. Galbraith advised us to devote the
first ten years after graduating to the sole function of gaining a
varied experience. I think this most excellent advice,

No matter what position you hold you will be gaining experi-
ence, and to gain a varied experience you must not stay too long
In one position. But you must not trust to hap-hazard luck in the
positions you get. There are several points to be remembered. In
the first place in your early days you can do things that later on
in your professional life, you could not do. For instance, on gradu-
ating you could work as a mucker or common labourer underground
~—or you might innocently be employed by some notoriously corrupt
men or companies. In neither case would your reputation suffer
and you would be the gainer by some valuable knowledge.

The most prominent feature of mining work in all parts of the
world (and in Canada and in Ontario have we had most scandalous
examples of it) is the extreme corruption, crookedness and dis-
honesty that frequently accompanies it. This exists to a degree
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Leyond all conception by those who have not actually seen it. If
you keep this fact in view and remain always ready to quit a job
when it looks dirty, you can in your early years take pretty nearly
anything you can get, but later on you must be more careful what
you do. Then the main point would be to get near good men, near
good companies and successful concerns.

In your early years there are several very unorthodox things
that T would advise. In all mining work the biggest item is for
labour, and there is no other item of expenditure in which money
may be lost or saved to the same extent. The human machine is
not only the most used, but it is the most complex, and to be a, suc-
cessful mining man you must understand your workman. The best
place to study your workingman is alongside of him. I strongly
advise every young mining graduate to work as a mucker or trammer
underground in some fairly large mine. To do this properly you
must do it thoroughly and drop all your engineering business, and
your diploma and all that, and get into dirty overalls and get your
job from the foreman and sleep in the bunk-house and keep away
from the office. This I know is often advised, and in Cornwall and
I'reiberg there are regular practical courses underground where the
students play more or less seriously at work-and learn after a fashion
to swing a hammer and frame a set. Candidly T don’t think much
of that—I do not see that such work is of very much use, and
in those practical courses you don’t learn anything of the men—
you don’t get round to their point of view. This to my mind is
the essential point, and my advice is to get a mucker’s joh and hold it
at least over one pay day and over several if you can. It will hurt
and it will be hard, but it will be worth it.

Again, if you have any inclination towards carpenter’s work or
machine fitting or any opportunity to follow up such work, T say
by all means do so. I know of no better qualification for a young
man seeking mining experience than a knowledge of machine fitting.
There is no part of a mine free from machinery, and the fitter is
wanted everywhere and gets a job more easily than any other class of
skilled or semi-skilled workman : while a carpenter can often get a job
on mill construction or the like that will give him an insight into con-
struction that he could get in no other way. These are not short
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cuts o success or by-paths—they are stepping stones and most valu-
able ones at that. 1 would strongly advise the mining student to
spend at least one of his summers in a machine shop or a carpenter’s
shop. I would consider this better than a summer spent in an assay
office, on survey, or in a mine,

The next question is as to where the young graduate is to go on
graduation. Into the question of a post-graduate course I cannot
go beyond saying that I am in favour of a post-graduate course,
and would still recommend Freiberg despite all the advances made
by technical schools on this continent.

After the completion of his technical course he should go to
gome active mining camp, and I certainly would choose the Western
States. I am enthusiastically a Canadian, but I do not advise the
young mining engineer to remain in Canada. He should go to an
older mining country for his experience, and the United States—
the Western States—has trained and still js training the world’s
most prominent engineers. And when you go west leave your
diploma behind you, also your testimonials and recommendations.
{You will be looking only for subordinate positions, and for these
positions men will size you up by looking at you and will discharge
you as casually as they engage you. Never be afraid of quitting a
a job. It is no disgrace—very often it is not a bad thing to be
discharged. A willingness to turn your hand to anything and every-
thing that comes your way and do it with your best effort, are traits -
that will help you more than others. It will be several years before
you get to what your heart pines for—that is. real engineering work
—but you must not neglect it for that reason; your eyes must
always be open to everything about you, and you must read every-
thing you can lay your hands on-—technical magazines and cata-
legues in particular.

You will probably find the life a hard one, full of painful
physical effort—full of misunderstandings and disappointments,
Hope will be long deferred. Your scientific attainments will seem
lost—swallowed up by chance and the force of circumstances. You
will think you are losing all your finer feelings—your social niceties:
the latest operas and plays will hardly be known hy name to you
and the popular airs will be three years old when they reach you.
Life will be anything but a soft snap and your only consolation will
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often be: “Well, it’s good experience, and an
work!”  You will find that you will have to give up very much, if
not all that went to make life pleasant, and you will get in return—

if you are lucky—work—and in many years—if you are lucky—well
paid work.

'way, it’s all in the dav’s
J? v

But you will see—and if your eyes are open, life will be very
full—you will play your own game with a freedom and a scope un-
known in any other profession. You will have opportunities to
carry your tendencies to the full. You will be with men and you

conditions and surroundings will be such
in full prominence, the charac
men. Veneer and polish will be absent
men you will love your life.
alone.

will work with men, and the

as to bring out, ters good and bad of

, and if you are a lover of
If you want an easy life leave mining
If you are not a tramp and want everything settled—if you
are contemplating early marriage—don’t go in for mining, for you
will have to live and work where it would not be fair to take her.
Let me finish up by giving you some disconnected bits of advice
on matters in general
Treat every friend

as if some day he might be your enemy, and
treat your enemy as if

some day he might be your friend.
In making investigations or

examinations take absolutely
nothing for granted.

Trust everybody but cut the cards,
Keep your face shut.
In everything remember

first that you are a professional man.
Kipling says:—
‘ There are nine and sixty ways of constructing tribal lays,
And every single one of them is right.”
There are also nine and sixty ways of
anything else, and very often e
depends on circumstances,

skinning a cat or doing
very single one of them is right; it

In other words, different circumstances will demand different

methods. Do not be afraid of new methods,

Nelson, B.C,, February, 1902.
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THE POSITION OF AN ENGINEER AS ARBITRATOR UNDER

THE CONTRACT.

ANGUs MACMURCHY.

The employer appoints the engineer under the contract, and
the contractor has to accept him. He has no choice or option in
ihat matter. Not only must the contractor execute the works in
sccordance with the directions of the engineer under the contract,
but the engineer is usually made the sole judge of the quality and
sufficiency of the works when executed, and the engineer is also
most frequently made the final judge in any dispute arising under
{he contract between the employer and contractor. Thus it will
be seen that the functions of the engineer/as arbitrator are both
cxtensive and important,

The engineer is responsible to his employer under the contract;
{o the contractor he is responsible by law only in case of fraud or
misconduct. In legal phraseology there is privity between the em-
ployer and the engineer, but there is no privity between the con-
tractor and the engineer. The consequence of this is that the con-
{ractor has a cause of action against the employer only, unless the
engineer has been guilty of fraud or deceit while acting under the
contract. But the contractor in a proper case has an action against
the engineer for negligence in the discharge of his duties.

For many purposes, the acts of the engineer and the owner or
company employing him are identical or rather equivalent. As
stated by Lord Cranworth, his position is not quasi judicial.
Ranger v. G. W. Ry. Co., (1854) 5 H. L. C. at p. 89.

If an engineer acts bona fide according to the contract, that is
quite enough to make his acts valid and binding upon the contractor.
So long as the engineer has no concealed interest in the contract or
secret relationship to the parties tha! will certainly bias his judg-
ment, his acts will receive due weight, in fact he may almost be

called the judge in his own case.
8.P.S.
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POSITION OF ENGINEER AS ARBITRATOR UNDER CONTRACT.

The contractor, however, is not always bound by the decision
of the engineer, as, for instance, in a case decided in 1818, Kemp v.
Rose, 1 Giff. 258, the builder was bound by the contract to accep?
the decision and certificate of the architect as to the amount to
be paid for his work, but the builder did not know that the archi-
tect had promised the employer that the work would not cost more
than a certain sum—in that case the Court did not consider the
decision of the architect made under such a bias binding.

The last reported case on this subject comes from Chatham and
is just to hand. There the superintendent under the contract was
the uncle and “drowned in debt?” to the owner. This was un-
known to the contractor, who brought an action to recover the
balance claimed by him without procuring the superintendent’s
certificate. It was held by the Court of Appeal, Chief

Justice
Armour’s vigorous intellect brushing aside

, as usual, formal and tech-
nical legal defences, that the relationships. “family and financial,”
oi the superintendent to the defendant owner, for
was built, should have been disclosed to the pl
that under the circumstances the plaintiff w
the certificate required by the contract
at all.

whom the house
aintiff contractor, and
as nct bound to obhtain
from the superintendent

Ludlam v. Wilgon, (1901) 2 O. 1. R. 549.

This whole subject of the circumstances

under which a con-
tracter is dispensed from the ne

cessity of procuring the final certif.-
cate called for by the contract was much discussed in a notable case
in our own Courts some ten years ago, that of Conmee v.C. P R,
which lasted for seven years in the Courts with varying fortune to
cither party, judgment being given at the trial without a final cer-
tificate in favour of the contractors for upwards of

a quarter million
dollars, which was compromised for

a much smaller amount after
appeals to the Court of Appeal and Supreme Court,

Before proceeding to discuss some of the more recently decided
cases to further illustrate these remarks, let me read a portion of
cne of the clauses (from the prescat form of contract used by the
City of Toronto) constituting the engineer the sole judge :—

Z R0. “Should any discrepancies appear, or differences of

“opinion or misunderstanding arise

» @8 to the meaning of the Con-
“tract or of the G

eneral Conditions, Specifications or Plans, or ag

TR
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‘ to any omissions therefrom, or misstatements therein, in any

“ respect, or as to the quality or dimensions, or sufficiency of tne

¢

-

materials, plant or work, or any part thereof, or as to the due
‘and proper execution of the works, or as to the measurement
or quantity or vatuation of any works executed, or to be executed

¢

‘

under the contract, or as to extras thereupon, or deductions
" therefrom, or as to any other questions or matters arising out of the

“contract, the same sha!l be d:termined by the Engineer

and his decision shall be final and binding upon all parties con-
“cerned, and from it there shall be no appeal.”

The result of many decided cases is the introduction into such
contracts of many safeguards and restrictions drawn from wisdom
lcarned by experience. Now, let us glance at a few of the judg-
ments in which such similar provisions have been discussed by
eminent Judges in England and Canada.

JACKSON V. BARRY RAILWAY COMPANY (1892), 1 Ch. Div. p. 258.
Arvbitration—Unfitness of Arbitrator—Injunction—Jurisdiction.

A contract by which the plaintiff undertook to construct a
dock for the defendant company, provided that any dispute between
the company and the contractor as to the meaning of any part of
the contract, or as to the quality or description of the materials
to be used in the works, should be referred to the company’s engi-
veer as arbitrator. The dispute arose whether the contract required
the interior.of a certain embankment to be made of stone, or
whether rocky marl was allowable, so that, if the contractor by the
direction of the engineer used stone, he would be entitled to be paid
for it as an extra. A correspondence took place between the con-
tractor and the engineer, in which the engineer stated his view to
be that the contract bound the contractor to use stone, and that
it was not an extra. The company then referred the dispute to the
arbitration of the engineer. After this reference, and on the dav
for which the first appointment had been made, the engineer wrote
to the contractor a letter in which he repeated his former view.
The plaintiff brought this action to restrain the company from
proceeding further with the arbitration,

Kekewich, J., held that the last letter showed that the engineer
had finally made up his mind on the point, and was, therefore,
disqualified to act as arbitrator, and granted an injunction.

:
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Held, on appeal, that, considering the position of the engincer
who, as engineer of the company, must necessarily have already
expressed an opinion on the point in dispute, his writing after the
commencement of the arbitration a letter repeating the same opinion
would not disqualify him from acting as arbitritor, unless, on the
fair consideration of the letter, it appeared that he had made up
his mind so as not to be open to change it upon argument:

Held by Lindley and Bowen, I.JJ. (Dissentiente A. L. Smith,
I..J.), that the letter in question did not, upon its fair construction,
show that the engineer had precluded himself from keeping his
mind open, and that the injunction ought to be dissolved; and
whether there was jurisdiction to grant it, quere.

Bowen, L.J.: It was an essential feature between the plain-
tiff and the railway company that a dispute such as that which has
arisen between the plaintiff and the company’s engineer should be
finally decided not by a stranger or a wholly unbiassed person, but
Ly the company’s engineer himself. Technically the controversy is
one between the plaintiff and the railway company; but virtually
the engineer, on such an occasion, must be the judge, so to speak,
in his own quarrel. Employers find it necessary in their own
interests, it seems, to impose such terms on the contractors whose
tenders they accept, and the contractors are willing in order that
their tenders should be accepted, to be bound by such terms, It is
no part of our duty to approach such curiously coloured contracts
with a desire to upset them or to emancipate the contractor from
the burden of a stipulation which, however onerous, it was worth
his while to agree to bear. To do so would be to attempt to dic-
tate to the commercial world the conditions under which it should
carry on its business. To an adjudication in such a peculiar refer-
ence the engineer cannot be expected, nor was it intended, that he
should come with a mind free from the human weakness of a pre-
conceived opinion. The perfectly open judgment, the absence of
all previously formed or pronounced views, which in an ordinary
arbitrator are natural and to be looked for, neither party to the
contract proposed to exact from the arbitrator of their choice.
They knew well that he possibly or probably would be committed
to a prior view of his own, and that he might not be impartial in
the ordinary sense of the word. What they relied on was his pro-
fessional honour, his position, his intelligence; and the contractor
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certainly had a right to demand that whatever views the engineer
might have formed, he would be ready to listen to argument, and,
at the last moment, to determine as fairly as he could, after all
had been said and heard. The question in the present appeal is,
whether the engineer of the company has done anything to unfit
himself to act, or render himself incapable of acting, no. as an
arbitrator without ]n'v\'iousl_\' formed or even strong views, but as
an honest judge of this very special and exceptional kind. I will
assume (without deciding) what was assumed by both gides, in the
argument at the bar, that the point before us is properly raised in
such an action as the present, and consider the matter entirely on
its merite. That the letter of the 2nd of August shows Mr. Barry
to have had, and retained up to the opening of the arbitration, a
rooted view that the contractor was wrong, is obvious. This, Mr.
Barry may not have been able to avoid. Has he, then, disqualified
himself from pursuing the function of such an arbitrator as the
contract contemplates, by informing the contractor, in answer to
{he contractor’s controversial letter, of what the contractor, I am
convinced, well knew already, viz.: that Mr. Barry wholly disagreed
with him? I cannot see that the letter of the 2nd of August war-
rants the inference that Mr. Barry would not or could no longer
do his best, when the matter finally came before him and his legal
assessor, to decide honestly between his own distinet view and that
of the contractor. He restates, it is true, what he had already
stated, and I daresay he thought it fair and Lonest towards the
contractor to do so. I should agree with my brother Kekewich’s
judgment, if T thought the letter of the 2nd of August amounted
to an intimation that the contractor would not be patiently listened
to and receive at the last an honest decision. Where I differ from
my brother Kekewich is, that he seems to me not to have made
eufficient allowance for the very special character which by the con-
{ract this arbitrator had to fulfil, and to have required from the
engineer of the company, who must necessarily be a somewhat
biassed person, but by whose decision, nevertheless (fairly given),
the parties had contracted to be bound—the icy impartiality of a
Rhadamanthus. The difficulty in the contractor’s way arises, no
from the engineer’s utterances in the letter of the 2nd of August,
but from the fact that the contractor, by his contract, had pledged
himself to submit this very dispute that has arisen to the person
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with whom he virtually is waging it. The contractor is, as it
appears to me, cdtching at a straw; endeavouring on the ground
that the engineer had revealed a view which every one was aware
ke entertained, to escape from an onerous arbitration clause which
the contractor accepted as part of the consideration for his bargain.
To release him on such a pretext would be to dissolve his obliga-
tions under the contract and to substitute, by force of the power
ot this Court, a wholly different and far more agreeable kind of arbitra-
ment before either some stranger or a jury of strangers, a tribunal
which it was the express object of this contract to exclude.

For these reasons I differ from my brother Kekewich, with
whose views as to the importance of judicial impartiality I entirely
coincide, regarding them only as not quite applicable to this special
case, in which it was part of the very bargain that the scales of
Justice in the case of a dispute need not be held in a neutral or
wholly indifferent hand.

MCNAMEE v. TORONTO (1892), 24 O. R. 313.

By contract between contractor and city for additions and
improvements to its waterworks system, all differences were referred
to the award of one H., superintendent in charge of the waterworks.

Held that H., being superintendent, did not (“sqll:llif.\' him
from being arbitrator. and on the evidence no cause existed to
restrain him from proceeding with arbitration :

Causes urged: H. furnished estimates of costs of work to city,
which were acted upon in accepting plaintiff’s tender unknown to
plaintiff when he executed the contract.

Held, the fact that the superintendent signed certificate as to
penalties to be deducted did not show he had prejudged the case.

Boyd, C.: The Scotch cases show that when arbitrator named
is also engineer of works, anything he says or does falling within
his ordinary functions as engineer does not disqualify him as
arbitrator; this results from his dual character—in one relation
acting as agent or representative of proprietors, and in the other
changing his function to that of a judge who is to hear both sides
before he decides the matter in dispute.
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IVES AND BARKER V. WILLANS (1894),  Ch. 478.

An arbitration clause referring disputes to the engineer of one
party cannot be disregarded on the ground that the engineer is in
substance a judge in his own case, unless there is sufficient reason
to suspect that he will act unfairly.

Provision: “If any question, difference or dispute shall arise
between company and contractor touching the construction or
meaning of anything contained in these presents or in said specifica-
tions, etc., or as to any works, plant, material, etc., which the com-
pany may require the contractor to do, or any extra work ordered
or as to price to be charged, or moneys alleged to be due, or rights
and liabilities of either parties, etc., the matter or difference shall be
referred to the engineer, whose decision thereon will be final and
conclusive on both parties.”

Lindley, L.J., says:—“ That is a very stringent provision and
one is surprised at first that any contractor should submit to be
bound so tightly, because a dispute between contractor and com-
pany is in substance a dispute between contractor and engineer,
whose business it is to see that works are done for the company
according to agreement, plans and specifications; and the real
agreement between the contractor and company is that if there is
any dispute between them, the engineer can tell the contractor
what to do, and order him to do what he likes consistently with the
agreement, his decision must be final.”

The learned Judge gives two reasons. First: Competition for
this kind of work is very keen and contractors compete with each
other to get it. Second: It has been ascertained by long experience
that engineers of the highest character may be trusted, and when a
contractor enters into such a very stringent provision such as this
he knows the man he has to deal with.

ECKERSLEY V. MERSEY DOCKS & HARBOR BOARD (1894), 2 Q. B. 66.

The rule which applies to a Judge or other person holding
judicial office, viz., that he ought not to hear causes in which he
might be suspected of a bias in favour of one of the parties, does
not apply to an arbitrator named in a ccntract, to whom the parties
have agreed to refer disputes which may arise between them under
it. In order to justify the Court in saying that such an arbitrator
is disqualified from acting, circumstances must be shown to exist
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which established at least a probability that he will be in fact
biassed in favour of one of the parties in giving his decision.

This was a dispute between the contractors and the board above
named, in which the former claimed that by the negligence or incom-
petence of the assistant engineer, who was the son of the engineer
under the contract, water had escaped into the Canada Dock which
they were excavating, causing them delay and loss. The contractors
commenced an action claiming it should not be stayed under arbi-
tration clause, because of probability of bias of engineer in favour of
defendants, and that engineer’s son hoped to succeed his father in
the post of engineer to board.

That eminent Judge, Lord Esher, said:—

“It seems to he admitted that if the engineer had to consider
whether he had himself given a negligent or unskilful or incom-
petent order, it could not be said that the Court would be justified in
directing that the matter would not be referred to him, but the Court
is asked to act because such an order was given by his son; i.c., a
man who could not be biassed in judging of his own acts would be
biassed to give a decision in favour of his son which he knew to be
wrong. I cannot take that view of human nature.”

“Where you have a man of high character, one whose char-
acter for impartiality cannot be impeached when he has to decide
as to his own conduct, to say such a man would not have enough
honesty and strength of mind to act impartially when his son’s
conduct came in question, is a statement which I cannot accept. I
do not believe it in this particular case.”

GOOD V. T. H. & B. R. CO. (1899), 26 A. R. 133.

The rule that a contractor is bound by a condition in his con-
tract making the employer’s engineer the interpreter of the contract
and the arbiter of all disputes arising under it, does not extend to
a case where a named engineer, while in fact the engineer of
the employer, is described in the contract as, and is supposed by
the contractor to be, the engineer of a third person.

In a contract between Good and a construction company, the
engineer named was that of the railway company. The construction
company in reality, though unknown to the contractor, controlled
the railway company, and the engineer was really paid by them.
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This was also unknown to the contractor. The final certificate was
not given under the contract, but Armour, C.J., held that this did
not disentitle the contractor from payment for his claim, the
engineer being “ Young’s man from the beginning,” Young formed
the construction company, and the construction company controlled
the railroad company. The learned Chief Justice said that the con-
tractor was entitled to say upon discovering the arrangement be-
tween the engineer and construction company: “He is not our
choice as judge under this contract, and we repudiate our being
bound by the term of the contract which requires a certificate from
him;” and Mr. Justice Osler held that the contractor had the right
‘o assume that the engineer was not the servant or agent of the con-
struction company, not their salaried official, that he owed no duty to
them as having been employed by them, and that he was indepen-
dent of them. '
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. Since the earliest days of electrical engineering * the superiority pro
of copper as a conductor for commercial use has been undisputed. lyte
The high specific conductivity of copper (almost equal to that of fac
silver), the ease with which it can be drawn into wires, and the high ting
tengile strength of such wires, only exceeded by steel and iron, are froi
properties which have rendered the metal invaluable for electrical
purposes. In addition to this, the metal can be freed from its im- per
purities, and a very uniform product obtained by comparatively i
inexpensive processes. ran
Within the last two or three years, however, the absolute rule gra
of copper in the electrical world has been somewhat shaken by the mis
rapid advances made in the manufacture of aluminum. Undoubt- . wei
edly the abnormally high price of copper during the past three years lens
has been largely instrumental in bringing to notice the claims of ! ) at
aluminum; and whether the latter will ultimately displace copper met
for some purposes is largely a matter of conjecture. Though but of ¢
recently introduced, aluminum has been used for several long trans- inc)
missions on this continent and in Europe, and great interest is being ) stil]
manifested in the results obtained on these lines.
Aluminum can hardly be said to have attained importance as a as
commercial product, or, at any rate, as a rival of copper, as the of ¢
following figures will show:—
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For the year 1900—

The world’s output of aluminum was 6,150 tons, of which 2,225
tons were produced in the United States.

The output of copper for the same year was 543,000 tons, the
United States producing 300,000 tons.

Thus the output of aluminum was only about 1.1% that of
copper.

On this continent the only company manufacturing aluminum
is the Pittsburg Reduction Company, operating works at Niagara
Falls, N.Y., and at Shawinigan Falls, P.Q. During the past year or
two this company has hardly been able to keep pace with the demand
for its product.

In Europe there are six firms engaged in the reduction of alu-
minum from its ores, one of these being an English company. The
methods employed are for the most part secret, but in all cases the
process involves the use of electric current in a bath of fused electro-
lyte. It may also be said that all the European companies manu-
facture calcium carbide, though, of course, this is an entirely dis-
tinct branch of their business, the process being quite different
from that of aluminum reduction.

The price of aluminum to-day is in the neighborhood of 30c.
per Ib., while the price of copper being controlled largely by trusts
and subject to the trickery of the stock market, has in the last year
ranged from 19c. to 12¢. per lb. Considering the relative specific
gravities and conductivities of the two metals for any given trans-
mission, the weight of aluminum required is, roughly, half the
weight of copper. Consequently at 30c. per Ib. aluminum is equiva-
lent to 15c. copper; and at 20c. per 1b. would be as cheap as copper
at 10c. Thus, though the aluminum industry is still young, the
metal can to-day be put on the market at a price equivalent to that
of copper as a conductor; and it seems probable that as their output

increases the manufacturers will be able to produce the metal at
still lower prices.

Specific Gravity.—Considering the properties of the two metals
as affecting their use as conductors, we have first the specific gravity
of chemically pure aluminum=2.56, while aluminum wire over 99%
pure has a specific gravity of 2.68. This increased density in the com-

I TIPS TN T N SR T e
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mercial wire is not proportional to the amounts of impurities present,
but seems to be due to a contraction caused by these impurities, and
depends also on the working of the metal. The specific gravity of
commercial copper we may take as 8.93. Thus we get 1:3.33 as the
ratio between the weights of equal volumes of aluminum and copper.

Tensile Strenglh.—Perhaps nothing has contributed so to the
lack of confidence felt by many electrical men towards the new
conductor as the failure, due to low tensile strength, of several of
the first aluminum lines to be installed in this country.

When first introducing aluminum wire advantage was taken by
the Pittsburg Reduction Co. of the fact that almost all foreign
metals when alloyed with aluminum increase the tensile strength of
the wire.

For instance, a No. 12 B. & 8. wire showed a tensile strength
of 39,000 pounds per square inch; same wire alloyed with 1% nickel,
45,000 pounds per square inch; same wire alloyed with 2% nickel,
55,000 pounds per square inch.

This increased tensile strength was not gained, however, with-
out offsetting disadvantages. For, taking the conductivity of the
pure aluminum as 63 in the Matthiessen standard, one per cent.
of nickel reduced this to 58, while the two per cent. al.oy showed
a conductivity of only about 54. The above is the result of a test
made by the Pittsburg Reduction Co.

For all the first lines installed alloyed wire was used, and the
result was far from satisfactory. In almost every instance so many
breaks occurred in the lines that they had to be replaced. In one
instance over fifty breaks were reported in a mile of line, all occur-
ring inside of one month. The cause of these failures seems to be
a lack of homogeneity in the alloyed wires. Apparently the copper,
nickel or other metal used to give strength to the wires does not
form a perfect alloy with the aluminum, but tends to settle in spots
in the wire bar. These spots are hard and brittle, and the wire is
very apt to break at these points.

The use of alloyed wires has, however, been abandoned, and all

wires sold at present are commercially pure aluminum. The results
obtained have been very gratifying to the manufacturers.
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The following figures are from tests made by the Pittsburg
Reduction Co.:

l{'edilctiiofxl: l':';t;nrl.t;i
in Area |SafeWork-

Elastic | Ultimate ’
| 8

Limit | Strength | 1,0 Gent. | ing Load
Average of tests on wires 3 " to § ” i ;
diameter (wire as drawn)......... | 12000 ‘ 24500 58.469, ' 4500
Same annesled....coo00c0ee0sese A 10870 | 22830 65.57% 4500
Average of tests on wires ;" to 4"
ST S e S R 32000 54000 68.00°, 12000
Same annealed............. 268 0 i 21000 \ 33000 62.00% 7000

The tests were made on No. 1 quality aluminum, all over 98%
pure. Annealing renders the wire more pliable, and more easily
handled.

The practice of the company at present is to make all line con-
ductors up in the form of cables. The reasons are two-fold. First,
any weakness in one strand, due to hard spots caused by the concen-
tration of impurities, does not endanger the whole cable. By strand-
ing the conductor there is only a small chance of these brittle places
coming together in the cable, and thus though one strand may be
weak, the strength of the whole section will not be greatly affected.
The second reason for stranding line conductors will be apparent by
referring to the table just given. The higher tensile strength in
the smaller size of wire is quite marked.

Up to No. 8 B. & S. 3-strand cables are used. For No. 6 B. & S.
either 3 or 7 strands; and the number of strands is increased for
sizes still larger.

Comparing the tensile strengths of copper and aluminum, Dr.,
Kennelly’s tests for the Bay Counties Co. of California gave an aver-
age of 33,000 pds.persq.in. as the ultimate strength of the aluminum
wire used. The strength of soft drawn copper is given by Roebling

8 32,000 to 36,000 pds. per sq. in., and 45,000 to 68,000 for hard
drawn wire. In comparing, however, we must remember that for
the same conductivity an aluminum conductor must have a cross-
section 1.6 times that of copper. '

The elastic limit of aluminum is not very well defined, for the
reason that the wire takes up a permanent set at very low strains.
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It appears, however, that somewhere between 14.500 and 17,000
(according to Dr. Perrine) this permanent set increases rapidly, in-
dicating that the safe working load lies within these limits. In
one respect this tendency to elongate is an advantage, since it
counteracts to some extent the effect of the large co-efficient of
expansion referred to later. For instance, a span drawn up in the
summer, so as to allow but little sag, might break under the heavy
strain due to the contraction in cold weather were it not for the
stretching of the wire. It is necessary to exercise care in erecting
aluminum spans to avoid reducing the cross-section in drawing up.

Under these conditions copper is much better, though soft-
drawn wire has the same tendency. The percentage elongation in
hard-drawn copper is very slight, but a loss of about 2% in con-
ductivity can be counted upon, due to hard-drawing.

Ezxpansion.—British Board of Trade gives the following figures:

Co-efficient of expansion (linear).

Aluminem. .. ......., 0.00001234.) Per degres Fahrenheit

Copper.............. DRI *'* TS SRR
t.., expansion of aluminum is 1.39 times that of copper.

Thus in climates subject to extremes of temperature greater
care must be taken in erecting aluminum lines to give them the
proper sag. In this connection rather complete tests have been
made by the Pittsburg Reduction Co. to aid their customers in the
erection of lines. In a span the sag at any given temperature can-
not be computed from the co-efficient of expansion given above,
since every increase in the length of the wire due to rise of tempera-
ture causes a decrease in the tension of the wire. Supposing the
strain to be within the elastic limit, the decrease in tension causes
a proportional decrease in length, so that it has been found that the
ret expansion is about one-half what it would be if the wire were
supported throughout its whole length.

The method of determining the net expansion is as follows:—

Spans of different lengths are chosen and the wires fastened
securely at one end. The other end runs over a knife edge to a
spring balance. By a standard at the centre of the span the deflec-
tion is measured. The deflection being noted and also the corres-
ponding tension, the wire is given more sag by allowing a length
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corresponding to the linear expansion for any desired rise of tem-
perature to pass over the knife edge. Then the deflection and ten-
sion are again noted. Thus the conditions of the wire over a wide
range of temperature can be determined.

The table gives the results of a series of such tests.

TABLE OF DEFLECTIONS AND TENSIONS FOR ALUMINUM WIRE.
X =Deflzction in inches at centre of span; 8=TFactor, which multiply by weight
of foot of wire to obtaiu tension. Maximum Load = 15,000.

® M \ T
[t=-200F -100 o ; 100 || 200 30°
———] ——————]——
Span | |\ S’XlS(XiS‘X 8 X slx
80 || 12940 gl 1660/ 53| 1176/ sy 961| 10 883 113l| 781| 122
100 || 12940 1% 2083 73| 1470| 103|| 1202 123/ 1042] 143 933 16

120 (| 12940,

1

1§ 2500 8% 1768 124| 1400/ 15§ 1251 173| 1120] 193
150 || 12940/ 2§

3

43

28 8038 11&| 2540| 144|| 1788 181/ 1552 21% 1390
4| 8643 12§ 2576| 17| 2104 21} 1822 256}/ 1630| 28}
4206) 145 | 2947 208)| 2403| 241|| 2084 284 1930| 314

| { | [

175 || 12940
200 || 12940

40° | 500 60° | 100 | 800 | 900
(| :
G TR e S N o | |
8| x| 8| x8|x| s |[x|| 8| x| s X
680 143 680 15} 589 163| 555 173 527 184| 02| 194
869 17%|| 768 19 || 1785 208 695 214 658, 223, 628] 231

1022/ 214 046/ 227 885 248 | e85 250 792 273|755 284
1265 268 ‘ 1177| 282 1060 308 1039 3‘3& } a87 34} "'{ll 351
1488 804 1377 88| 1279 351 1215 873 1152 804 1099 413
1672 854 1674| 88}l 1478 40f| 1393 43 | 1316 45} 1256 47§

Electrical Properties—The conductivity of the Pitts sburg Reduc-
tion Co.’s wire has been given as between 60 and 61 in the Matthies-
sen scale, though witkin the last few months the writer understands
that this has been increased to 62 through improved methods of
{reatment. Annealed copper averages a conduc tivity of 99, and
#5 =1.6 is the ratio of the specific conductivities,

It will be remembered that in the B. & . gauge this
corresponds very closely to r%, where r (1.12) is the ratio be-
tween the diameters of any two consecutive sizes. Thus a conveni-
ent rule for determining the equivalent of a copper wire of any
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gauge number is to take the aluminum wire two sizes larger. For
example, No. 00 copper has a conductivity equal to No. 0000
aluminum.

For equal conductivity in a given transmission the weights of
copper and aluminum required will be as 1: §83 1: 0.48.

Effects of Alternating Currents—The self-induction and capa-
city of a transmission circuit depend upon the ratio of the diameter
of the conductors to the distance between them. For the same
conductivity the diameter of an aluminum wire is roughly 26%
greater than that of a copper wire. Hence we can say:—

(a) If the aluminum wires are 6% farther apart than the
copper wires, the capacity and self-induction will be the same.

(b) It can also be shown that if the wires be the same distance
apart that the self-induction of the aluminum circuit will be de-
creased from 3 to 5%, and its capacity increased by about the same
amount as compared with a copper circuit of the same conductivity.

Skin effect—or the tendency of an alternating current to flow near
the surface of a conductor, thus increasing its effective resistance.
This effect is almost always negligible with frequencies ordinarily
¢mployed in transmission work, the increase in effective resistance
being only %% for a ¥-in. copper wire at 60 cycles. Skin effect is
proportional to the square of the frequency and cross-section, and
inversely proportional to the square of the specific resistance, hence
for aluminum and copper wires of equal conductivity the effect is
the same since the cross-section and specific resistance are increased
iu the same proportion.

From the above it would appear that so far as the effects of
alternating currents are concerned, there is little to choose between
aluminum and copper. Any difference in their behaviour is in
favour of aluminum.

The temperature co-efficients of resistance are about the same,
viz.:—Aluminum, .00214 per degree F.; copper, .00217 per degree F.

Chemical Properties.—When we consider the chemical properties
of aluminum we are confronted with a serious difficulty, namely,
the joint problem. With copper, good permanent joints equal in
conductivity to the wire itself can readily be made by soldering, but
the soldering of aluminum is such a difficult and uncertain operation
that it is almost impossible to carry it out in line work.
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This difficulty in soldering may be attributed to three causes:—

(1) Aluminum is very highly electro-positive, in fact more
positive than any of the commercial metals. Consequently it oxi-
dizes very ‘readily, and its surface is always coated with a thin film
of Al, Oy, which has to be removed to effect a soldered joint. Or-
dinary fluxes have no effect, as the oxide film forms as fast as it is
removed. The usual method employed is to use a solder of such a
composition that it contains its own flux, and thus the removal of
the oxide film and the “ taking hold ” of the solder are simultaneous,

(?) Owing to the high specific conductivity for heat of alum-
inum, it requires a very high temperature to effect a joint. Also
while solder combines with copper at 460° F, over 650° F is required
to make a combination with aluminum.

(3) The fact that aluminum is so highly electro-positive is the
ause of galvanic action between the metal and its solder, unless
the solder be very near aluminum in the electro-chemical series.
A few days in water will render useless many an appareutly good
joint.

The solder recommended by the Pittsburg Reduction Co. is that
proposed by Mr. Joseph Richards, and is also that used by nearly
all the manufacturers of aluminum in Europe.

Its composition is:—29 parts tin,
11 parts zine,
1 part aluminum,
1 part phosphor-tin,

The superiority of the solder seems to be due to the phosphor-
tin. The parts are heated and the melting stick of solder rubbed
hard over the surface to remove the film of oxide. While the solder
i3 still fluid the surface is rubbed with a metal brush to ensure a
thorough combination. After the pieces are tinned as above, pure
block tin is used to sweat them together. As it is impossible to
cause the solder to flow into an aluminum joint, the tin must be put
just where it is required.

While the above process appears to be fairly simple, unless the
work is done by an expert, the joints are seldom satisfactory. Con-
sequently in nearly all lines recently erected mechanical joints have
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98 NOTES ON ALUMINUM “ONDUCTORS.

been used, and as far as can be learned they have proved quite suc-
cessful. Several forms of mechanical joints are given below:—
Fig. 1 is an aluminum sleeve employed for sizes up to No. 000.
The ends of the wire are inserted and the whole is twisted through
three or four turns. Fig. 2 is known as the compression joint, and
consists of three parts. The cable ends are inserted in the sleeves
2 and 3, and held in place by hydrauiic pressure. This is usually
done in the factory, both ends of every coil sent out being furnished

\\ii\\\\\\%

f/¢3

with sleeves; then all that is necessary in the erection of the line is
to couple these sleeves together by means of the right and left hand
connector 1. Fig. 3 is called the wedge joint. The ends of the
cables are passed through the sleeves 2, and the strands gpread by
the conical wedges 3. The coupling 1 is now screwed on, and as the
Lases of the wedges are pressed together the wires are pressed more
firmly against the conical recess in the sleeve. Both of the latter

forms of joint are quite largely used, the compressive joint being
the more common,
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The action of gases and vapors upon aluminum wire is still
rather a moot point. While the manufacturers claim that the metal
is quite equal to copper in its non-corrosive properties, investiga-
tions of Kershaw in England show that the wire is corroded by the
sulphurous vapors of a city and by hydrochloric acid. It is perhaps
hardly fair to judge the American product by the results of Ker-
shaw’s tests, as his experiments were with heavily alloyed wire of
51% conductivity. It might be said also, that the tests were con-
ducted at St. Helen’s, which is the centre of large chemical industries.
A less favourable place could hardly have been chosen. The action
of hydrochloric acid is not as great as might be expected, protection
being afforded by the coating of Al, O, which always covers the wire.
The manufacturers claim that no corrosion takes place on wires
exposed to the salt air along the coast.

The galvanic action of aluminum in contact with nearly all
nietals makes it important that all ties, joints, etc., be made of the
same metal. The resistance to corrosion is decreased by small per-
centages of impurities, notably silicon and iron, which are difficult to
remove. Sodium is also most harmful. The Pittsburg Reduction
Co. attribute nearly all failures from corrosion to the presence of
these metals.

To sum up what has been said, weight for weight aluminum has
about double the conductivity of copper, with a tensile strength
about 90% that of soft-drawn copper or 60% that of hard-drawn
copper. The weakening tendency of impurities is overcome by the
use of stranded conductors. It is possible to use longer spans for
aluminum wire on account of its lightness.

On the new Niagara-Buffalo aluminum line the poles are 113
feet apart, against 75 ft. spans on the copper line. Thus a saving
of about one-third on the poles and insulators was effected.

Chemically the balance seems to be in favour of copper, though
the aluminum lines already in use have not been in position long
enough to give any definite information on this point. The joint
problem has been satisfactorily solved by the mechanical contriv-
ances described. With aluminum we have reduced freights and
gain in the matter of distribution and handling. It is claimed also
by those who have used aluminum, that the labour in erection is
materially less than where copper is used. The wire can often be
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100 NOTES ON ALUMINUM CONDUCTORS.,

strung along the ground and carried upon the poles on a man’s
shoulder. It is said also that the care necessary in giving the proper
sag has been exaggerated.

Aluminum is not so well adapted for other branches of electrical
work, except perhaps for bus bars, where it has been quite extensively
used. The large cross-section, as compared with copper, makes its
use for armature conductors and all windings where space is an im-
portant factor, almost prohibitive. It has replaced brass in the parts
of many electrical measuring instruments, and has also been recom-
mended tor spacing blocks in iron cores. The large section makes
insulation of aluminum conductors more expensive, and the finished
wire is very bulky. Mr. Steinmetz says that aluminum has not
proved successful for commutators, There are many other minor
uses to which aluminum has been put, too numerous to mention here,
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THE BEHAVIOUR OF STEEL UNDER STRESS.

Proressor C. H. C. WrigHT, B.A. Sc.

While discussing with one of the members of the Council of this
Association the results of certain experimental work of the post-
graduate year at the School of Practical Science, I was induced to
pr mise a paper on the behaviour of steel under stress, and in its
preparation I have kept in view the younger members and students
of the Association,

Inasmuch as the use of steel has completely revolutionized
methods of eonstruction and plan, its effect should be and is appar-
ent in the design, not, however, to the extent the material deserves.
It has been the custom for years to use rolled shapes, rivets, and
joints of an engineering type partly because this branch of the work
pas been generally relegated to the engineer, and partly because
most of the steel work is hidden. Is not much of it hidden because
it is considered unsightly? Why should not the parts exposed to
view be esthetically treated and the shapes receive architectural
attention.

It has always been considered necessary to study carefully the
properties of other building materials. The successful treatment of
granite shows holdness or vigor; of marble, delicacy or refinement;
of sandstone, elaboration; of terra-cotta, repetition, ete.

While steel has been used very largely during the last decade, it
will be used much more extensively in the immediate future. It
becomes desirable that the members of our profession should, and
imperative that the younger members shall, observe closely the
peculiar properties and behaviour of this important material in
order that it may be treated satisfactorily in design as well as in
construetion. It ought not and cannot be left to the engineer.

Nore. —This is a paper read by Professor Wright before the Annual Conven-
tion in January, 1902, of the Ontario Association of Architects.—EpiTor,
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102 THE BEHAVIOUR OF STEEL UNDER STRESS.

Another difficulty that might be mentioned is the action of fire
on steel. Serious as this difficulty is from the point of view of
design, it must be met frankly and not forgotten that this very same
property enables it to be rolled and worked into shapes economically.

Interesting as this line of thought is, we must turn our atten-
tion to the more elementary stages and consider a few of the pro-
perties of steel.

Suppose a steel rod (usually 24” long) is placed in a testing
machine and a load applied so as to produce tension in the rod.
Now if measurements of the lengths of a part of the rod (usually
8”) are made, it will be found that for every load applied or stress
induced there is a corresponding change in length, a deformation or
strain; further, that when the load is removed the load will regain
its original length.

There is a point, however, beyond which this is not true, or
where the deformation or strain is not constant for equal increments
of load or stress. Below this point steel is elastic, while beyond it it
is plastic. The point at which this change occurs is called the
elastic limit. If, however, a piece of steel be stretched (strained)
Leyond the elastic limit, and the load removed, it will contract more
or less, but will not regain its original length.

The measurements of deformation or strain, which must be
accurate to the nearest 1-10,000 of an inch, are made with an exten-
someter of which this Riehle Yale represents a very satisfactory
type. As will readily be seen, the points of the screws which fasten
it to the specimen are held rigidly 8" apart. After fastening it to
the specimen, the bar connecting the two heads is removed, and
the two micrometers are read or set at zero (the contact being deter-
mined by the ringing of an electric bell on the closing of the cir-
cuit by the contact). A load is next applied to the specimen, and the
micrometers are again read, the difference between the two sets of
readings giving the deformation or strain corresponding to the load
or stress. If the stress be doubled the micrometers will show that
the strain has been doubled. As the stress is increased it will be
found that equal increments of load will produce equal strains so
Ieng as the steel remains elastic, or in other words within the elastic
limit,

If these measurements were continued and the resultant stress
strain curve drawn, plotting the loads as vertical ordinates, and the
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¢lrains as horizontal abscissa, it would resemble O A B C of the
accompanying figure.

In the complete curve there are four significant points, viz.,
the true elastic limit, A; the apparent elastic limit, B; the ultimate
strength, C; and the breaking point, D. From O to A the ratio of
stress to strain or load to deformation is constant and the curve
becomes a straight line. Between A and B the ratio of strain to
stress increases slightly, while at B a very marked change takes
place, hence the term “apparent elastic limit.” Micrometer meas-
urements of the length are not necessary to determine this point,
and consequently it is widely used in commerce, and is often spoken
of as “the commercial elastic limit,” or often merely *elastic
limit.” Beyond the elastic limit the material continues to increase

Y

Stress Shtiaip Curve of Sleel in Teysion,

in length as additional loads are added until it reaches its ultimate
strength, when it begins to fail. It no longer continues to sup-
port the load, but stretches under a decreasing load and finally sepa-
rates under a greatly reduced one such as is indicated in our dia-
gram by the point D.

Specimen No. 1 is a mild steel made by the open hearth pro-
cess and gave the following results when tested in tension. The
length of the specimen was 24 inches and its diameter 1”.015.
Punch marks one inch apart were made along the rod. The speci-
men was then placed in the testing machine and subjected to ten-
sion. The load was gradually applied and the material elongated
uniformly for a time until it reached a point where it stretched under

:
‘
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104 THE BEHAVIQUR OF STEEL UNDER STRESS.

a constant load of 21,000 pounds, i.e., the commercial elastic limit of
21,000--(1.015%x.7854) 1.e., 1,000 divided by the cross-section of
the rod or 27,200 pounds per square inch. The rod finally broke
under a load of 37,700 pounds or of 37,700--(1.015%x.7854) or
47,200 pounds per square inch of its original cross-sectional area.
On measuring the distance between two of the punch marks origin-
ally 8” apart (4 on each side of the break), it was found to be 11.08"
leng, i.e. the steel had an elongation in 8" of 38.5%. Collecting we

have :—
Commercial elastic limit..................... 27,200 pds. per sq. in.
AIIRIIBEE BUPMEIBIN o is v i vovs 6 aonsonnenosssnes 47,200 " .
SHOBERNIONANIB SO« ¢.s 104 v 505556058 % 41064 508 38.5%

The following measurements made on this specimen will show
perhaps more clearly the elasticity of the material.

Stress in Pounds Extensometer Deformation
Load in Pds, per 8q. inch, readings, or Strain,
1,000 1237 8.0005 0.0005 H
2,000 2474 8.0009 .0004
3,000 3711 8.00125 00035
4,000 4948 8.00160 00035
5,000 6185 8.00195 .00035
6,000 7422 8.00225 .0003
7,000 8659 8.0026 .00035
8,000 9896 8.00295 00035
9,000 11133 8.00325 .0003 s
10,000 12370 8.00355 .0003
11,000 13607 8.0039 .00035
12,000 14844 8.00425 .00035
13,000 16081 8.00455 0003
14,000 17318 8.0049 .0003
15,000 18555 8.0052 00035
16,000 19792 8.00555 .0003

On drawing this stress strain curve, plotting the stresses as
vertical ordinates and the strains or deformations as horizontal
absciss®, we get the following diagram.

The complete stress strain curve is given in Fig. 2.

Specimen No. 2 of Milo Steel, made by the open hearth pro-
cess, gave the following results in tension:—

LANEI OF BDOOIMBN. oo oisibes vionsas 24 inches.

Diameter of specimen,................ 1.015 inches.

Apparent elastic limit.............. 27,000 pounds per square inch.
UINmate seEengbh, e .o iviviecisvoes 47,5600 pounds per square inch.

Elongation in 8 inches,................
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Stress in Pounds Extensometer

per Square Inch, Readings.
0 27135
1237 .27185
2474 27235
3711 27265
4948 27290
6185 27325
7422 27855
8659 27395
9896 27430
11133 2746
12370 2749
13607 2753
14844 2756
16081 27585
17318 27655
185565 27655

19792 2769

i
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Specimen No. 3 mild steel made by the Bessemer process gave
the following results in tension:

SR O BOROMENN S+ 4.0 6s/s. 00 30000846 4540060018 24"
BARTINIROE - 25 7 5 o snns oead dsna e o 1.0155
Apparent elastic limit ..............cc00ui00 29,500 pds. per sq. in.
STISIEONNN BANOIEEE s 200 i anini vins saas Vake o sald 46,400 b o
BIONERMON AN BY <0 s vinaviss vrmadaanena i 409,
Stress iu pds, Micrometer
Load, per sq. in. Readings, Elongation,
D578
1000 1229 .0581 L0003
2000 2457 5586 .0008
3000 3685 L5591 L0013
4000 4914 5595 .0017
5000 6145 .5599 .0021
6000 . 73871 .5602 .0024
7000 8600 .2606 .0028
8000 9828 L5609 L0031
9000 11050 L5612 L0034
10000 12290 0616 .0038
11000 13510 .6620 L0042
12000 14740 .5624 .0046
13000 15970 5627 0049
14000 17200 .5629 L0051
15000 18430 .5632 L0054

Specimen No. 4 of machine steel gave the following results in
tension:

LRURM OLRDEOIIIRE /oiov'sirs s crinssnmansssnvinesiveonass 24 inches.
RIIRIRADE OFMDRDIIEIM o 45505050 snpbavinessis snokasanes 1.014
BOURRRUE BIRRNG LIEN o o500 606000 06 880600000500 00000
T T A R N R 100,600
EVIDRERNION AU D INENENE G o viissansevne by sxvianise s aeeas 16.59%
Stress in Pounds Extensometer
Load. per Square Inch, Readings. Elongation
1,000 1273 3837 .
2,000 2547 3840 L0003
3,000 3820 L3844 L0007
4,000 5093 .3848 L0011
5,000 6366 3852 0015
6,000 7640 « 3856 L0019
7,000 8913 3860 0023
8,000 10190 .3864 0027
9,000 11460 .3868 .0031
10,000 12730 3872 0035
11,000 14010 3876 L0039
12,000 15280 L3879 0042
13,000 16550 .3883 0046
14,000 17830 3887 L0050
15,000 19100 .3890 L0053
16,000 20370 .3394 .0057
17,000 21640 3897 L0060
18,000 22920 .3901 0064
19,000 24190 .3904 D007
20,000 25470 .3908 J0T71
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Figure 3 is the stress strain diagram of specimens Nos. 2, 3 and
4 within the elastic limit. Allowing for reasonable errors of observa-
tion, the line joining the plotted points is a straight line showing
corclusively that steel is within these limits perfectly elastic.

Before looking, at the classification of steel, let us examine very
briefly its composition and process of manufacture.

(Cast iron, as you will remember, is a combination of from 2 to 6
per cent. of carbon with iron. The large amount of carbon deter-
mines its charasteristic features or behaviour. Wrought iron is
the product resulting from the removal of carbon from cast iron.
This leaves with the wrought iron such impurities as sulphur and
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phosphorus. When these are present in too large quantities they
render the iron red short or cold short respectively.

Steel is a combination of iron with a percentage of carbon
varying from minute. quantities to as high as 2%. It is manu-
factured in the three following ways, viz.—1. By adding carbon to
wrought iron—the product of such process being known as crucible
steel. 2. By removing carbon from cast iron—the product of this
process being known as Bessemer steel. 3. By melting together
cast and wrought iron—the product of this process being known as
open hearth steel.

" (ast iron is hard and brittle and can be moulded, while wrought
iron is soft and ductile and can be welded. Steel is unlike wrought
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iron in that it is fusible, and unlike cast iron, it can be forged, and
with the exception of high grades, it can be welded. In addition to
these advantages the higher grades can be hardened and tempered.
The term steel is applied to a class of materials which cover a
very wide range of properties. One particular grade may be soft
and ductile while another is quite hard and brittle. In tensile
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girength they may vary from 40,000 to 200,000 pounds per square
inch.

It is now customary commercially to classify steels either accord-
ing to their properties or uses. In the one group there is mild,
medium or hard steel, while the other classification includes rivet
steel, boiler plate, structural, machine, tool and spring steel, etec.
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The following table gives a few of the characteristic physical
properties of these different classes:—

Rivet steel should be ductile rather than strong and should
have an ultimate strength of 40,000 to 55,000 pounds per square
inch; elastic limit, 30,000 to 45,000 pounds per square inch; elonga-
tion in 8" = 25 to 35%.

Boiler plate—Ultimate strength 50,000 to 65,000 pounds per
square inch; elastic limit, 30,000 to 45,000 pounds per square inch;
elongation in 8” = 25 to 30%.

Structural steel—Mild, ultimate strength 40,000 to 55,000
pounds per square inch; elastic limit, 25,000 to 43,000 pounds per
square inch; (longation in 8” = 25 to 35%.

Medium—TUltimate strength, 55,000 to 70,000 pounds per
square inch; elastic limit, 35,000 to 45,000 pounds per square inch;
elongation in 8" = 20 to 25%.

Machine steel—Ultimate strength, 80,000 to 110,000 pounds
per square inch; elastic limit, 55,000 to 70,000 pounds per square
inch; elongation in 8",

Tool steel and spring steel—Ultimate strength, 120,000 to 200,-
000 pounds per square inch.

The standard specifications for structural steel proposed by a
committee of the American Society of Civil Engineers in 1896 is as
follows:

Lbs per sq. in,
Tensile strength low steel 60,000 + 4,000

# ' medium 65,000 + 4,000
“ “  high 70,000 + 4,000
Elastic limit 55% of the ultimate strength of the specimen.
1,500,000 .
Per cent. elongation in 8 in, = ———
Ultimate
2,800,000
Per cent. reduction of area = ———
Ultimate

Rivet steel when heated to a low cherry-red and quenched in
water at 82° Fahr., must bend to close contact without sign of frac-
ture. Specimens of low steel when treated and tested in the same
manner must stand bending 180° to a curve whose inner radius is
equal to the thickness of the speimen, without sign of fracture.
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Specimens of medium steel as cut from the bars or plates and
without quenching, must stand bending 180° to an inner radius of
1} times the thickness of the specimen, without sign of fracture.
While those of high steel, also without quenching, must stand bend-
ing 180° to a radius of twice the thickness of the specimen without
sign of fracture.

In connection with the latter part of this specification, the fol-
lowing test may be interesting and instructive.

Two specimens, one of mild open hearth and the other of
machine steel, were heated to a cherry-red, quenched with water and
tested with the following results:

Ultimate strength Elastic limit Elongation
pds. per sq. in, pds. per sq. in., in. 8"
Mild steel .ccooccevccosccasne 47,300 coeoconsnonce R R | [ vee+88.8%
Mild steel hardened........62,200........00.t ..43,000...... broke in strips
Machine steel...cccvvvecaes BO 0, o5 655000 b s DBOOD s s s vanenn 219%
do hardened .......... JOB000 oosoevssnse s 60,600.:00000+ oe3%

While almost every specification mentions maximum and mini-
mum tensile strengths, it is very seldom that mention is ever made
of the compressive strength, although the material is used quite as
frequently in compression as in tension. This is because the ulti-
mate strength, elastic limit and deformation or strain are more
readily determined in tension than in compression, and because the
results in tension are the same as those in compression.

Under a uniformly increasing load steel in compression con-
tracts uniformly within the elastic limit, which fortunately is the
came as that for tension. When the load increases beyond the
elastic limit the material simply spreads and increases the area of
its cross-section indefinitely, so that in compression steel has no
ultimate strength. This is well illustrated in the following speci-
mens, originally 2 inches long, which were subjected to a load of
170,000 pounds each.

Specimens numbered 1, 2, and 3, are wrought iron, made in
Sweden, England and Ontario respectively; while numbers 4, 5, and
6 are mild steel open hearth, mild steel Bessemer, and machine steel.
Those specimens which are cracked open or are etchea show very
c'early the flow of the material under the stress.
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The stress strain diagram for steel in compression when the
stress is determined by dividing the load by the original cross-
sectional area is as indicated in the annexed diagram, Fig. 4.

These compressive tests were made on a Riehle 200,000 pounds
machine, and as the screws were kept running at a uniform rate, a
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set of readings of the times required to produce the stresses were
registered on a chronograph simultaneously with the measurements
of the deformation or strain. On plotting from these results the
stress strain curve and the stress time curve, it is found that they
were identical when the scales correspond.
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BRIDGE FOUNDATIONS AND ABUTMENTS.

J. HERBERT JACKsON, O.L.S., 03.

The information for the following paper was gathered last sum-
mer from work on which the writer was assistant in charge under
C. H. Mitchell, C.E. It is intended as a descriptive paper, only such
technical questions being taken up as are thoug'it to be of interest
to those unfamiliar with this class of construction.

The work comprised the building of two highway bridges to re-
place old ones over the Welland River, at points five and eight miles
respectively above the town of Welland. The contractor under-
took to remove the existent structures and erect others as per plans
adopted. The cost of each bridge complete was $6,000. This in-
cluded all work necessary to make the highway passable and ready
for use by the public.

Looking at the problem from an engineering point of view, it
resolved itself into designing a bridge for general highway use which
would clear the stream in a single span. This length proved to be
134 feet from centre to centre of end pins. The approaches were
tc be earth embankments with the surface macadamized for a dis-
tance of 200 feet in each direction. The conditions of the soil, ete.,
on the sites of the bridges were found to be precisely similar, as was
also the length of span, so that the two bridges could be built from
practically the same set of plans. At the points selected the banks
of the Welland are of a soft, black, porous earth on top of plastic clay,
and in no way capable of sustaining a load except by piling for the
foundations.

The stream is very sluggish, even running back on itself when
the waters of the Niagara River are high. This seemed to comprise
the total of the information at hand.

From these facts it was decided to put in a steel superstructure

\

with abutments of concrete.




BRIDGE FOUNDATIONS AND ABUTMENTS, 115

PILE DRIVING.

The question which now came up was the number, spacing, etc.,
of the piles, and was worked out as follows:—The bridge selected
was one of 16 foot roadway and was to withstand a dead load of 600
Ibs. per lineal foot, and a live load of 1,200 lbs. per lineal foot. The
weight of bridge designed for these loads was 132 tons, or 61 tons
weight to each abutment. The form of abutment gave a content of
90 cubic yards. This amount of concrete, at an average of 4,000
lbs. per cubic yard, made the weight of an abutment 180 tons. To

n-
as this was added 36 tons for transferred earth pressure and miscel-
oh laneous load. Thus the load for each abutment was:—
st Buperstructure. coccoe scesesves 61 tons.
Content of abutment........... 180 tons.
. MigcollBneous ...iveoes osesass 36 tons,
Dsiiee
es m onm )
SOM s oo vannintninnesn 277 tons.
)T~ - " . :
o T'o support this it was thought that thirty-seven piles would be :
S . o . . p . . &
" sufficient, and assuming the load to be uniformly distributed each i
| pile had a load of 7.5 tons. g
ay . . e )
The formula for driving the piles was taken from the Engineer- :
" ing News. ,
i ' o 7
i 2 Wh :
ch i L ‘
S+1
he y " :
oy Where L=safe load in lbs. ‘
% W=weight of hammer in lbs. g
B~ " !
" h=fall of hammer in feet, i
'1" 1 S=penetration in inches at last blow. ;
as ,
m In using this a factor of safety of 4 was assumed. \
ks ¥ The safe load on each pile was then 7.5X4=30 tons=60,000 lbs.
Y, The weight of hammer used was 2,600 lbs., and the fall was
he 30 feet.
¥ W To find 8.
en 2 x 2600 x 30 .
., 60000=%X c == or S =:16 inches.
1se S + 1
In the specifications, 1.5 inches was the maximum penetration
Te allowed at the last blow.

In construction it was found that on both abutments of one of
the bridges the centre piles gave a greater penetration than the
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above, and it was necessary to add eight supplementary piles to each
in order to come up to requirements. These were necessary by
reason of the clay being much less solid than was anticipated from
tests.

The addition of the eight piles made the strength ample for the
weight to be sustained.

The driving of the piles was accomplished by sinking a coffer-
dam about the space to be occupied and pumping out, when the
usual method of drop hammer was used. The piles were banded to
prevent brooming at the ends.

GRILLAGE AND PLATFORM.

On the top of piles sawed off true and level at two feet below
low water mark was built a grillage of sound white oak timbers.
These were 10 12 gnd had a full bearing on each pile and drift
bolted with $-inch bolts with upset lLeads, driven flush. The grill-
age timbers supported a platform of white oak 5 inches thick. This
was kept dry by the coffer-dam, which, being left in place, also acted
as a protection after completion.

CONCRETE.

The concrete was laid on these platforms in molds built to the
form of the abutment. The composition of the concrete for the
interior of the abutments was in the proportion of 1 cement, 2.5
sand, 5 broken stone. The proportions for the weather surface to
a depth of 6” was 1 cement, 2 sand, 4 broken stone.

The forms for the concrete were held perfectly solid by means
of rows of wires placed in at every three or four layers of concrete
and fastened to the outside of the form. In this way, when one side
of the form was made solid the other could not move. In removing
these forms it was only necessary to cut the wires, leaving them in
after trimming off the ends. All corners and angles were bevelled
so as to give the finished abutment a neat appearance.

In mixing it was required that the cement and sand should be
mixed dry and then water added. Finally the stone, which had been
previously wetted, was added, and the whole thoroughly mixed.

This concrete was placed in 8” layers; in placing the concrete in
the forms the weather surface was mixed and thrown in close to the
mold from the platform above. In this way the mass was pretty

-~
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BRIDGE FOUNDATIONS AND ABUTMENTS. e

well compacted on reaching its position. This was done all round
the edge and raked to a comparatively even surface. The interior
portion was now added to the height of the weather surface, and the
whole was thoroughly tamped and compacted. Layer after layer
was added in this manner till the whole was completed. Just at
the surface, bridge-seats of limestone were set for the truss bearing
of the superstructure.

Great care had to be exercised to keep the whole mass of each
abutment from slightly moving out of alignment, and the forms had
to be checked on permanent plugs set on the bank at some distance
back. As a final precaution, when one abutment was complete the
forms of the opposite one were checked on it so that if by any pos-
sibility it had shifted, the second one might be made parallel to it,
and thus we avoided trouble when the steel work was to be set.

APPROACHES.

The approaches were built on an easy grade up to the bridge
roadway and had side slopes of 1% horizontal to 1 vertical. The
surface was of limestone, well compacted, to form a solid pavement,
and brought to a true grade.

The posts of the fencing along the sides of the approaches were
prevented from leaning by a wire placed under the macadam and
tightly twisted.

The superstructure was finally erected when the abutments
were completed. To temporarily support this a net work of piles
and false work was erected across the stream and removed again on
the completion of the bridge.

i
i
-
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THE COLLEGE GRADUATE AND HIS SPECIALTY.

C. H. MitcHELL, B.A. Ne., OB,

[The writer has been requested to prepare a
that it may prove of service to students and g
desire being to refer more particularly to Hydraulic Engineering, this specialty

has been followed, but the general principles outlined would be quiteapplicable for
other branches of the profession.]

paper on this subject in the hope
raduates upon leaving college. The

Not until quite recent years has the true
school begun to be assigned in th
While a quarter of a century

place of a scientific
e education of the young engineer.
ago it was generally admitted that edu-
cation in an engineering school was good,
come of late to be generally considered
education of the engincer. This is so, not only in Canada, but
throughout all other countries, where, during the past few decades,
the industrial activity has been very marked,

but not a necessity, it has
an indis]wns;ll)lv factor in the

Previously the early education of the engineer, in whatever
branch he might select, was planned out for him, leading through
leng terms of pupilage in engiecr offices, o

, gaining experience through
the different steps of the work in the specialty or group of specialties

to which he gave attention. The place of the school or college in
this course of training was more to serv

e as providing the necessary
foundation of general education

, as distinguished from a scientific
education, and the student was expected to derive his scientific attain-
ment in a large measure from his e

xperience and association with his
comrades

and superiors engaged in his engineering work,
by some means of absorption and example perhaps, more than by
special devotion to study and research. The result of this has heen
the production of the famous engineers of experience who have
brought us to the modern civilization, who have learned at nature’s
school, by nature’s hand, by success and failure.
men who have enabled our modern schools to ad
and the underlying scientific
and construction,

doing so

These are the
apt the actual theory
principles to the real work, its design,

Of latter years, however, the process of educ
different, and the school or college h
The school has supplie

ation has been
as taken a very prominent part.
d not only the general education, but the
foundation, and, in some cases, a considerable portion of the techni-
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THE COLLEGE GRADUATE AND HIS SPECIALTY. 119

cal education. Many of the leading schools have, of latter years,
also provided a means of specializing in the engineering education,
thus providing a means for the student to acquaint himself with not
only the theoretical but also with much of the practical work of his
chosen specialty. It does not follow, however, that the student
graduating from a college in one of these engineering specialties can
by any means be termed an expert, although there are some well
known institutions which go so far as to lay claim to the distinction
of graduating its students as “ Engineers ” in the full acceptation of
the term. The writer believes that the principles laid down in con-
nection with the School of Practical Science and Toronto University,
with reference to the engineering courses, meet the modern condi-
tions in an eminently satisfactory manner. The school does not
pretend to do more than prepare the student in his theory and appli-
cation of the theory, to teach him to study and pursue research, and,
to a certain degree, “ make him immediately useful when he com-
mences actual professional work.” Most engineering works, for the
design and construction of which students are fitted, are such that
their magnitude and general nature render it impossible to study
them in such a manner as is possil;]v to students in other professions.
Many colleges meet this by arranging excursions and tours of inspec-
tion to interesting engineering works, either built or under construc-
tion. These, however, cannot be classed as anything but object
lessons, and while valuable as such, do not permit of that close
ingight into methods and design of detail which would be so valuable
to the young student. This applies primarily to engineering works
of large magnitude, but almost equally so to works of easier access,
particularly of a mechanical nature, because of the inability of the
student to get to the true inwardness of the work in the short time
usually at his disposal. The Toronto courses do not follow this plan,
but prescribe a much better means by encouraging the student to
employ his vacation periods in actual engineering service under what

may be termed “ actual working conditions,” and in this way at once
render him in touch with the professional life. Carrying this still
further, he is told, after ordinary graduation, to go out into the pro-
fessional world, having behind him his college or academic career
with its primary scientific education, and its mere “elements” of
preparation, and work with those who are designing and construct-
ing, learning all he can as well as he can. After three years of this

e T
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active life under workiug conditions, he is told to come back with
his record, and the University is then prepared to call him an
Engineer.

The value of this programme of education is but partly appre-
ciated by the under-graduate in his early days at the college, nor is
it to be expected that he should see it as do the older and experienced
engineers who have, perhaps, learned their work without the ad-
vantage of the college education. The young man, upon graduation,
has learned many of the things which the early engineer learned
after years of experience, and has probably become in a few years
much more conversant with his theory and principles than the older
man, but he has still to learn those things which the latter learned

.in his first six months. He has been taught to think and to reason,
but he has yet to learn to work and to work hard, and incidentally
te compute, design and superintend, to meet emergency, to become
a friend and a master of nature and her laws, and above all, to know
men,

It is upon graduation that specialization usually manifests itself,
although in the college course the election of studies may have
already determined it. However, in most cases the nature of the
first few years out of college has all to do with the future line of
work and may be considered to mould the taste or the talent of the
graduate to this particular direction. It is at this time, perhaps,
more than at any other, that this adaptability of the student to a
particular line of engineering becomes apparent. All the professions
have of recent years tended towards a division into specialties and
the modern life is made up of the work of the expert to such an
extent that even specialists employ other specialists on their work.
This is equally true of the engineering profession, and on all large
works the designers and constructors are, in reality, a group or staff
of experts in the several departments.

Some specialists have for many years formed distinct branches
of engineering, and many of these have of late again been subdivided
into others, each having its followers. That of hydraulic engineer-
ing has existed for many years and has passed through many phases
of interpretation. New lines of work have béen added to it, and
others have been removed, as for instance, that of sewerage, drainage,
water works construction, ete.,, which are now usually classed with
sanitary or municipal engineering, a new group. Of late years, and
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THE COLLEGE GRADUATE AND HIS SPECIALTY. 121

particularly during the past decade, hydraulic engineering held a
somewhat unique position and has consequently come to mean not
only canal, river and harbour construction, with kindred works, as
before, but water power development in all its branches. In the
latter, such work in turn frequently calls for the employment of
many other experts or special specialists, comprising mechanical,
electrical, architectural, mining and sometimes chemical engineers
in the varied classes of work required in water power construction
for different purposes.

It is manifestly impossible, therefore, for the young graduate
who desires to enter the field of hydraulic engineering, having in
view the specialty of water power construction, to take it up as a
single study in the same manner as one would many other lines. It
is further evident that he must immediately upon leaving college,
seek employment on works which will quickly put him in touch with
this branch of the work. In this departmer?t of engineering, per-
haps more than any other, should the student follow the school of
experience, outlined as being that in vogue before the days of the
science school. It is only in this method of getting out into the
actual work, that hydraulic engineering can be studied, for the
dearth of literature upon the subject is very marked. Water power
engineering in reality is a very new line, and previous to, say, twenty-
five years ago, it was studied by scientific men to but a small extent.
No doubt the perfecting of long distance electric transmission has,
within recent years, brought the whole question very strongly before
the engineering profession, and electricity and hydraulic work are
now destined to be grouped definitely together. Owing to the recent
growth of this branch, the literature on water power questions is
nearly all in magazine and periodical form, while the manufacturers
of machinery are adding quickly to it by advertising matter, in the
form of experimental research.

The writer would advise graduates of the School of Practical
Science, desirous of following this line, to obtain employment in, or
at any rate to visit and carefully examine designs, methods of con:
struction and operation at water power centres, not only in Canadi
and the United States, but if possible in Europe. America, while not
in the lead in research in this branch of engineering, is doubtless
destined to become essentially a water power or hydro-electric power
using continent. Already hydraulic enterprise is far beyond that of the

CR——
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old world, and Canada, on account of her vast power resource, is not
tc be by any means behind in this progress. It is to Switzerland,
Italy and Germany, however, that even yet we have to look for the
lead in real scientific work, particularly under high heads. Nearer
at home, however, the student should be acquainted with-the char-
acteristics of the rivers, watersheds, falls, and physical features, the
methods of development, the conditions of operation and mainten-
ance, and of the available markets for power generated, existing in
the locality of each power centre. Grouped roughly, these centres
might be said to comprise, in Canada : British Columbia, New Ontario,
the “Soo,” Niagara Falls, St Lawrence and Ottawa, Quebec, and as
yet, to a small extent, several centres in the Maritime Provinces. In
the United States are Massachusetts and Connecticut, which are
probably pioneers, New York State, with Niagara Falls and the
Adirondacks, Minneapolis, Colorado, Montana and California, where
ike boldest transmission work has heen attempted, and a few
scattered centres in the south. All of these have their own distinct
features, and each forms a special study in problems of high or low
heads, large units, floods, ice, and cold weather conditions, trans-
mission or peculiarity of use.

The course to be followed by a student is plainly to gain experi-
ence by close association with power construction in several of these
centres, and particularly in the designing and erection of new pro-
positions if possible. The graduate from college could expect to
first obtain employment at tracing, or other subordinate work at
which he must some time start, and if ability is displayed, it will be
but a short time before he may assist in design of details, or if his
inclinations are such, he may get “ out on the work ” as a field man
or superintendent of construction. From this work his real experi-
ence will date, and his value as a specialist increase with time. If
he applies himself to become thoroughly acquainted with all the
details of the work from design to operation, he should hecome very
valuable in his one branch, commandine high remuneration, and not
requiring to seek his employment,

To conclude, there is but one school, and that is experience,
and but one master, and that is nature. The student, though he bhe
first man in his year at college, must expect to start the humblest
echolar, but after, with opportunity and energy, he may hope to earn
rapid promotion with golden opinions for himself and his work.
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if]‘]l(\l PRELIMINARY.
low ' The hydraulic lift lock on the Trent Canal has been considered

Ans- worthy of a special paper owing to the fact that it is not only the

only one of its kind on the American continent, but also because it
eri- : surpasses in capacity and in height of lift anything of its type that
lese has hitherto been attempted.

)TO- In order to get a clear idea of the route on which this lock is
to being constructed, it might be well to state that the Trent water-way
at consists of a series of rivers and lakes connected by artificial canals.
be It is intended to form a connecting link between the southern end
his of Georgian Bay, at Midland Harbour, and Trenton, on the Bay of

1an Quinte, leading to Lake Ontario. This canal, which has been under

eri- contemplation for a great number of years, and which was originally
It & selected by the Royal Engineers of England as the most practicable
the route between the upper lakes and the sea board, is now being ex-
ery ' peditiously pushed forward by the Government of the Dominion of
not Canada, and several contracts have been let and many of them com-
N pleted during the last six years. Of the the total length of 203
ce, miles, only about 33 require to be completed to furnish navigation
be throughout the whole distance.
est ' Leaving Midland Harbour, where there is a depth of water of
TN about 20 feet, the route is intended to pass by way of the River

Severn into Lake Simcoe, this part of it as yet having had no work
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done on it. From Lake Simcoe, through the valley of the Talbot River,
Balsam Lake is reached, and from here access is had to a chain of
magnificent lakes, many of which equal in’ grandeur of scenery the
Thousand Islands. Leaving this chain of lakes the route enters
the River Otonabee, which is better known at its lower end as the
Trent, passing through the town of Peterborough into Rice Lake
and thence to the Bay of Quinte. The whole of the route passes
through a fertile and progressive part of the Province, and, from a
local point of view, will be of immense benefit to the inhabitants
of these parts. Many towns of considerable size and importance are
located along the route. The chief importance of the water-way,
however, is thought to be its value for barge navigation, per-
mitting grain from the west to be brought in large vessels into
Midland Harbour, here breaking bulk and unloading it into barges,
which will be towed in lines of from two to six through this route
down the St. Lawrence, to the ocean vessels in Montreal.

The works of the canal are being constructed in the most sub-
stantial and modern manner. The locks, with the exception of
three, are of the ordinary type, and built entirely of concrete; some
of them are said to have been the first of the kind in Canada. All
the bridges are of steel, and very little timber is used in any struc-
ture above water level; so the entire work is carried out with the
idea of complete jpermanency. The hydraulic lock, with which
we chiefly deal, is located in a section of four miles of the canal
which is built to overcome the obstructions to navigation found in
the River Otonabee where it passes the town of Peterborough and
where there are many water powers in use for manufacturing pur-
poses. The total difference in elevation in this section is 77 feet.
After leaving the river at the upper end about three miles and a
half of canal is formed by short lengths of excavation and natural
valleys until a slope of a hill is reached, where a difference in eleva-
tion of 65 feet is found in a distance of about 800 feet. Here the
hydraulic lock is located and the difference in height overcome in
one lockage. About a quarter of a mile further along the route
has been built a lock of the ordinary type, which leads again into
the natural water.

The hydraulic lift lock is, theoretically, an automatic machine,
and is devised to take the place of the ordinary lock, where great
differences in elevation are found in a comparatively short distance.

B
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The first lock of this type was built by the inventor, Mr. Edwin
Clark, of Clark & Standfield, Hydraulic Engineers, London, Eng-
land, about the year 1872, in England, at Anderton, on the River
Weaver, to connect the Trent and Mersey canals. While it differs
somewhat in some particulars from the two other locks since con-
structed, it has answered its purpose admirably and has given no
trouble. The same gentleman has also built, or has been connected
with the building of, a lock of much larger dimensions at Les
Fontinettes, in France, and at La Louviere, in Belgium. The Bel-
gian Government has at present in some stage of construction four
other locks of the same type. The chief dimensions of the Anderton
lock are: lift, 50 feet; length of chambers, 75 feet; width, 15} feet.
The two locks already built on the continent, as well as those con-
templated, have a lift of about 50 feet, with chambers 140 feet
leng, 19 feet wide, with 7 feet 10 inches normal depth of water.

With this contrivance a lockage is performed by the vessel float-
ing into a box or tank of water which can be shut off from the adja-
cent reach. The box, with the water and the floating vessel, is then
raised or lowered to the other reach, with which communication can
also be made. The power required to control the lowering, or to
accomplish the raising, is obtained by having a similar box con-
nected with the other and balancing it. Each of the boxes is carried
on the top of a ram working in a hydraulic press.  The two presses
are filled with water and are connected by a pipe. The rams are
arranged so that when one is up the other is down. The uppermost
box is made heavier than the other. When a valve on the connect-
ing pipe is opened the heavier box in descending forces down its
ram, displacing the water from its press into the other press, making
the ram protrude and carrying the lighter box up with it.

The manner of constructing the Canadian lock varies materially
from those already built in about the same way that American prac-
tice varies from European, and so far as outward appearance is con-
cerned, when the present work is finished, there will be little simi-
larity, although the principles necessarily remain the same.

THE SUBSTRUCTURE.

As has been stated, the lock is located on a gradual slope. The
excavation was begun in 1896. The exact point of location was
chosen so that an average depth of excavation of about 40 feet was
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required, and the material thus obtained was used in forming
embankment to complete the length of the upper reach. The
remainder of the material required to finish this embankment was
obtained from the earth cutting above the lock.
The excavated material was found to be of a hard clay mixed
with small stones and boulders undeSying a thin layer of fertile
soil. At the northern end of the excavation, where it was a little
the deeper, a small amount of hard-pan was encountered, and below
this a shaly lime-stone rock. This rock was in layers of from half
an inch to eight inches in thickness, between which were thinner
layers of clayey and shaly material. The layers of rock, which are
of crystalline structure, stand the weather very well, but the shaly
parts disintegrate very rapidly under the action of rain and frost.
The elevation at which this rock was found proved to be an
cxceedingly fortunate one, requiring as it did very little expensive
excavation, and at the same time providing an excellent foundation
for the heavy substructure and saving much concrete that would
otherwise have been required for footings. It might also be added
that the discovery of the rock was a pleasant surprise, as many
common wells had been sunk in the neighbourhood to considerable
depths without having encountered rock, and the borings made on
the site had not been sufficiently extensive to discover it. The pre-
liminary plans were prepared for establishing the substructure on
earth. Before the work had progressed to any extent, however,
extensive borings were made to determine the character of the under-
lying strata, in order that the contract for the wells, in which the
large presses stand, might be let with some degree of certainty.
One of the borings was made by a small horse-power machine to a
depth of about 130 feet below the surface of the ground, and accurate
notes, which have proven themselves correct in the work which has
since been completed, were made as the borings progressed. The
rock was also a decided advantage for the construction of the wells,
which were about 80 feet deep. Its nature permitted it to be
blasted and excavated with comparative ease, and no difficulty what-

ever was experienced in making an excellent job of the excavation
at a very small cost.

The foundations in the wells require, as will be seen from what
has been already said concerning the principle of the operation of
the lift, that the utmost care be exercised in order that there shall

.
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be no failure at this place, the total weight of the lock chamber,
with its burden, having to be supported on the comparatively small
base which the well affords. Here again the rock proved of great
value. The total load at the bottom of the presses is, in round
numbers, 2,000 tons, a rather heavy load to trust on so small an
area of ordinary masonry foundation, and very much more than was
considered advisable to put upon the somewhat poor quality of lime-
stone found in the bottoms. On account of this rather excessive
load and its uneven distribution at the press base, it was decided to
use blocks of granite so arranged as to distribute the pressure uni-
formly over a sufficient area of the natural rock to give a bearing
which seemed favourable under the conditions, and further, in order
that not the slightest risk should be run in incurring possible acci-
dent and consequently enormous expense, these foundations were
dealt with liberally and more expensive stones were used than would
probably be called for under other circumstances.

The courses of granite were specified to be between 24 and 30
inches in thickness, and some of the stones were 7 feet 6 inches
square, giving a weight (about 11 tons) requiring care in handling,
and affording no little difficulties in the way of setting at such a
great depth below the surface. Three courses of granite have been
laid and finished in the wells and a very satisfactory job has been
made. The design of these foundations will be seen by reference
to the drawing on page 131.

The walls of the wells are very rogil‘lar and reflect credit on the
man in charge of the work. By judicious arrangement of the
charges of dynamite and blasting very little divergence was made
from the truly cylindrical form, 16 feet 6 inches in diameter, which
was required by the specification. It was decided, in order to pre-
vent the disintegration of the walls of the wells, to line the sides with
concrete. The thickness of the lining is sufficient to form a finished
diameter of 14 feet 2 inches, in this way leaving a clearance all round
the main presses of 3 feet. It is not necessary that this lining be
water tight, although it is believed that it is practically so, as the
wells will be constantly full of water and will require to be unwatered

at intervals of perhaps five years for inspection purposes. Adequate

means in the way of pumps are afforded for this purpose. In put-
ting these linings in, the water was permitted to follow up the con-

crete work, thus relieving the pressure of any leaks through the
8.P.8. 9
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130 HYDRAULIC LIFT LOCK ON THE TRENT CANAL.

rock on the tender mortar by balancing it. This lining is carried
up to the top of the wells and is finished at the floor of the lock-

chamber pit.
The substructure of the lock is built entirely of concrete and

about 26,000 cubic yards. Of this amount some 25,000

The work has been carried out
plans which accompany this paper,
« Masonry ” and are numbered 1 to
vided for convenience into (a) main
purpose of a retaining wall for the

contains
cubic yards are already placed.
according to the working general
and which have the special title
10. The substructure may be di
or breast wall, which serves the
upper reach; (b) the wings, that further act as retaining walls in
s. which will be seen by reference to

holding the side embankment
for the earth

plan; (c) the side walls, which form retaining walls
along the sides of the lock; (d) the towers, the duty of which is to
maintain the lock chambers in their vertical motion: and (e) the
lewer gateways which end the lower reach. ‘All the walls (excepting
the wings) form a dry pit. or rather two dry pits, into which the
metal lock-chambers descend.
The main wall is 40 feet in thickness and about 80 feet in

height; the length being 126 feet at the base. At about 15 feet

from the rock surface there is formed for convenience a chamber or

room, which is called the pump room, in which the turbines and

pumps are installed. This room is 12 feet wide, 17 feet high and

110 feet long, including partitions 8 feet in thickness, which are
intended to assist in taking the shear through the otherwise weak-
ened cross-section of the wall. At about the original natural sur-
face of the ground the wall is pierced longitudinally by a roadway,
which will form a continuation of the line of the main street run-
ning through the town of Peterborough, giving access for vehicles
to the furthermost side of the canal and dispensing with the ordi-
nary swing bridge. This roadway is 14 feet wide and 21 feet high.
TIn the top part of the wall are formed recesses for the gates which
close the ends of the upper reach. Access is provided from the pump
room to the roadway by a staircase formed in the concrete wall,
and one may also pass from the roadway to the upper level by &
spiral iron staircase placed in a cylindrical void formed in the con-
erete. Viewed from the side nothing of the main wall will appear
below the level of the roadway. On this elevation an attempt has
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132 HYDRAULIC LIFT LOCK ON THE TRENT CANAL.

been made to obtain an architectural effect by mouldings and
pilasters.

The wings are situated, as will be seen from the plans, at the
uppermost side of the main wall, extending 55 feet beyond it.
Their form may best be seen by reference to the plans. They are
carried down to the rock bottom in order that there may be no undue
cottlement between the main wall dnd the wings to cause unsightly
cracks on the face and awkward breaks on the top surface. At the
bottom the wings are only 40 feet in length, the full 55 feet being
made up by cantilevering out 15 feet at the elevation of about 47
fcet above the rock level. Considering also the light duty which
these walls are called upon to perform, they have been made cellular
in construction. Along their outer sides a stairway is carried up
as a mean of access from the roadway level to that of the-upper reach,
and the mouldings of the main wall are continued along the exposed
sides of the wings. The side elevation will convey very little idea
of the differences in construction of these two parts of the work,—
the main wall and the wings.

The side walls, as it has been said, form retaining walls for the
carth along the sides and are intended to maintain the lock-chamber
pits perfectly dry. These walls are of solid section and present no
especial features. At the points next the main wall stairways are
carried up from the level of the lower reach to that of the roadway
as a convenient means of access from one to the other, and also to
provide a sort of buttress to the main wall. In the term, side-walls,
is included a wall 12 feet in width extending along the central line
of the construction and dividing one pit from the other.

The towers, three in number, are located on the same trans-
verse centre line as the two wells. In round numbers the total
height of each from rock bottom to the top is 100 feet. Each of
the side towers has a base 29° 6” x 40" 8", which decreases somewhat
at the elevation of the top of the side walls. From this upwards
the base of the tower is battered for a continual height of 45 feet;
and above this the shaft on all sides is vertical 18" x 18" 6”. For
operating purposes it is necessary to build the inside face of the
tcwer plumb from top to bottom. The central tower has for the
came reason to be plumb on both the sides next the chamber, while
its other two sides conform to the same lines as those of the side
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towers. Its width throughout is 12 feet. The towers have been
tieated in the same architectural manner as the main wall.

The lower gateways extend from the rock to the top of the side
walls. and are formed to accommodate the steel gates which close
the ends of the lower reach. In the centre between the gates is a
small chamber which contains the hydraulic engine used to operate
the gates.

It will be seen by referring to the masonry plans, for instance
No. 3, that the concrete work is built in sections—the main wall
stands by itself, being separated in construction from the side walls.
In the same way the fowers are not bonded with the adjacent side
walls excepting in a lateral direction, by what is termed on the works
a “key.” The object of this system of construction is to obviate
unsightly cracks, which occur from uneven loading on the founda-
tion, as well as from contraction and expansion due to the extreme
changes of temperature. It has been found in concrete work if
lines of weakness are not provided in construction they form them-
selves in a short period of time. These lines of weakness are formed
by placing a partition or “bulkhead” from face to back of the
moulding of the wall, and keeping the concrete work on one side of
it a few feet higher than the other. Before the lower side is brought
up the bulkhead is removed and the new concrete is placed against
that formed by the bulkhead. The vertical line thus formed is
marked by a small triangular piece of wood 3-8” on a side, tacked
to the face forming and which is removed with the forming. These
vertical lines are never noticed on the walls, whereas a crack is com-
mented upon by nearly everybody. Where the construction has to
provide against unwatering and keep the water from leaking through
from the back, the keys above referred to are introduced.

The concrete of the hydraulic lock goes under the general speci-
fications for concrete used on this section of the canal. By the
specification the concrete has to be formed of clean sharp sand,
gravel, approved field stone broken to about 2-inch cubes, clean
water and Portland cement. The cement is provided by the Govern-
ment.

The cement used is Portland of the best quality. About
ninety-five per cent. of that used was of Canadian manufacture.
About five thousand barrels of German Portland, which proved to
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134 HYDRAULIC LIFT LOCK ON THE TRENT CANAL.

be of excellent quality, were also used. The Government maintains
an excellent cement laboratory, with an efficient chemist in charge,
where all the cement undergoes rigid examination before it is used

The sand and gravel is subjected to very rigid inspection, and
none is allowed to be used in which there is an appreciable amount
of clay or foreign material. For mortar not to be incorporated into
concrete the sand is kept separate, but for concrete purposes the
sand and gravel is mixed, and an effort is made to get the sand and
gravel uniformly graded from the size which would ordinarily be
called sharp sand up to gravel stones an inch and a half in diameter.

About two-thirds of the concrete already in place has been
mixed by a “continuous” mixer, which is a long box of square
section, open at both ends, set on an incline and caused to rotate.
The ingredients of the concrete are fed into a hopper at the upper
end, water is forced into the upper end of the box from a hose held
a' the lower end, and the materials by the time they reach the lower
end of the box are pretty well incorporated. With care an excel-
lent concrete can in this way be produced. The remainder of the
concrete has been made with a “cubical ” mixer, being a cubical
steel box pivoted with one of its long diagonals horizontal. The
box is charged with the required proportions of material, the lid
closed and the box rotated. When the materials have become suffi-
ciently incorporated, which can best be determined from experiment,
the rotation is stopped and the contents discharged. This mixer
has an advantage over the continuous one above described that the
material may be manipulated as long as it may be considered neces-
sary, and one is quite aware of the amount of mixing in a batch
of concrete; whereas with the continuous, it is impossible to tell
just where one batch ends and another starts. This in many cases
is a disadvantage and requires most careful watching, particularly
when it is desired to use concrete of varied strength to suit the
requirements of special parts of the work.

In the substructure the proportion of the ingredients is varied
according to the importance of the parts. For example, in the towers
the batches were made by adding an additional bag of cement, mak-
ing in this manner a stronger mortar, but using about the same
amount of stone as in ordinary work. The mixture of ordinary
concrete is given by the specification as follows:—To each cubic yard
o approved broken stone there shall be added half a cubic yard of
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screened gravel, one quarter of a cubic yard of sand and three and
one-half cubic feet of Portland cement.

This mixture will not work in these rigid proportions in all
cases,—the kind of cement, the fineness of the sand and the gravel
and the product of the stone crushers all having an influence. The
idea is to have a rich mortar which will bind the coarse materials
tcgether, the varying sizes of the gravel and of the broken stone
giving uniformity of density to the mass. It has always been found
necessary to separate the different parts for trial mixtures, and in
these the stone and gravel is added to “fill.”

All of the concrete is made and placed under careful inspection
and the component parts are watched to see that no changes in the
conditions occur.

\

On all the exposed faces of the work, mortar (generally 1 cement
to 24 or 3 of sand) to a depth ®f about three inches is placed. This
mortar is mixed at the same time as the remainder of the concrete,
and is deposited simultaneously, usually by one man with a shovel,
who does nothing clse but attend to this matter, keep the moulds
clean, and see that none of the coarser material of the concrete is
allowed to touch the forming which retains the concrete in position
until settling has taken place.

The forming or moulding throughout is made of pine lumber,
three inches in thickness and about ten inches wide. The face side of
the timber is dressed to a smooth surface and the edges of the planks
are rabbeted so as to form a lap joint. The studding to support this
curface is required by.the specifications to be 6” x 8" stuff set up at
about 4 foot centres. It has been found absolutely necessary to use
stiff forming like the above in order to preserve uniform lines on the
face of important walls. Back lines of the walls are constructed by
rough inch boarding which oftentimes does not present a very
workmanlike appearance as far as the carpentry is concerned, but
s¢ long as the lines are kept reasonably near what is intended noth-
ing more is required in this particular.

THE SUPERSTRUCTURE,

The superstructure of the hydraulic lock, which is under con-
tract with the Dominion Bridge Company of Montreal, was let in

the spring of 1898. Some slight modifications in the plans,
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138 HYDRAULIC LIFT LOCK ON THE TRENT CANAL.

have been made from time to time as a more complete and
ed that this could be done to advantage; but in
the main details the contract plans have been rigidly adhered to.
For purposes of description it would perhaps be well to separate the
construction into its different important parts,—the lock-chambers,
the guides, the gates and their operating machinery, and the auxili-

ary mechanical plant.

however,
careful study show

THE LOCK CHAMBERS.

,d. the lock chambers of this lock

As has already been mentione
iously built, having

are very much larger than those of any lock prev
a width practically double that of the largest of the others. The
clear inside dimensions of each of the chambers are 139 feet long
and 33 feet wide, with a free board of 9 feet 10 inches. These
dimensions, with the exception of the depth of water, are fixed by
Government commission; and'it is necessary, as well as complying
with the conditions above, that a clear headway of 25 feet be left
above the water-level. (It would appear that these sizes were deter-
mined upon from the construction of the old form of side wheelers
in common use on the Trent waters some years ago.) The depth
of water for which the lock is constructed would be called in ordi-
nary navigation language «g feet on the sills,” and the whole of
the construction of the canal at the present time is being carried
on with a view to using this depth of water, although 6 feet is the
nominal depth of the canal. The load of water which each of the
lock chambers will contain is about 1,700 tons, and this is the maxi-
mum load which it is necessary to provide for, since when a vessel
is floating in the chamber it is merely a question of displacement.
The trusses which carry the load of the chamber are double canti-
Jevers. The form of these girders has been changed from that
shown on the drawings by making the chords parabolic in form, in
order to obtain a horizontal platform at the ends next to the reaches.
The depth of the trusses at the centre is 32 feet, this depth having
been chosen with a view to preventing the teetering tendency, which
is always present, rather than that of lowering the stresses due to
the water load. The trusses are simple, and it is not necessary in
ary of the members to provide for alternate stresses, as the load is
constant and always in the same direction. All the connections are
riveted and stiff; the top chord cover-plate is 30 inches in width,
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the diagonals are of flat rolled bars throughout. The stresses with
the material are given on the drawing on page 137. Thes floor
boams and stringers extend under the whole of the plating and will
form a very stiff frame-work for it. No lateral bracing has been
provided, as it is considered that the plating itself will be quite suffi-
cient to withstand any wind stresses. The plating of the chambers
is, in the lower part, 3-8 of an inch thick, steel, with 5-16 along the
sides. The plates are arranged of such a width that there will be
very little fouling of the stringers and floor beams, and they are
Joined by butt splice plates 43 inches wide throughout. The rivet-
ing of the plating is put in in the same way as for boiler work, and
all the edges of the splice plates are caulked by the concave method.
The whole of the load of the chambers is, as will be seen, brought
directly on to the top of the rams by plate girders 9 feet in depth.
There are four of these girders, each taking practically an equal
share of the load, as will be seen by an examination of the double
system of the trusses.

THE GUIDES.

The guides, which will be required to overcome the teetering
tendency which is always present, and to overcome also the tendency
of rotation due to the unbalanced wind forces, are placed at the
centre of the trusses at the sides and the upstream end. The central
guides, which have mainly to overcome the teetering, are placed on
the line of the top and the bottom chords and connect with the
towers. The guide adjacent to the side tower is made of such a
form as to withstand a side pressure of the wind, from which ever
way it may be blowing, in this way relieving the centre tower of
this kind of load and giving it all to the side one. It will be seen
by the masonry drawings that the side tower is of much greater
width than the centre one, which is only 12 feet in this direction.
Those guides which will probably be the more efficient in overcom-
ing the rotating tendency of the wind are placed at the upstream ends
of the trusses and work against steel beams embedded in the con-
crete work.

These guides have, in former locks, also to overcome the un-
balanced end pressure of the water when the adjacent gates are
opened ready for the chamber to receive the vessel. This end pres-
sure has been so small, compared to what is found in the Canadian
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lock, that no extra precautions were necessary to care for it. The
unbalanced pressure, however, in the Canadian lock is so great that
it has been considered advisable to provide a separate means for over-
coming this end thrust. The unbalanced pressure produced in this
way is 180,000 lbs. and is taken care of by a special “end thrust
arrangement ” which engages directly with the concrete work. It
consists of a steel casting secured to the trusses of the chamber at
about the level of the floor line, and these castings engage with
others which are firmly anchored to heavy steel beams imbedded in
the concrete work.

THE GATES.

The gates and operating machinery are of a very different type
from anything that has hitherto been employed for this purpose.
The design of the gates is thought to be entirely new. In the Euro-
pean locks it has been the custom to hang and raise them vertically,
which has proved to be quite a satisfactory method where the head-
room required has not been much more than 8 feet above the sur-
face of the water. However, as it is necessary that 25 feet clear
headway be preserved in our case, and as our gates are of necessity
about twice the length of the European ones, it did not seem a desir-
able thing to operate them in the old manner. The method which
has been adopted and on which the gates are now being constructed,
is clearly seen in the diagram on plan 3, and further in the sketch
on page 143.

It will be seen by inspection of one of the gates closing the end
of the reach, that it is hinged along the length of its lower edge
and arranged so that it will fall flat above the bottom of the gate
recesses. As it is never necessary that one of these gates be opened
without the other, they are arranged to operate in pairs. The
reach gate is controlled directly by a small three-cylinder hydraulic
engine and the chamber gate is automatically connected with it.
The gates themselves are of steel throughout, the frame work con-
sisting of a series of vertical posts made of I-beams, which connect
to the top girder, giving a perfectly determinate system of stresses
throughout, and bringing definite abutment loads where they can
be readily taken care of. The plating is all on the outer (that is,
away from the reach) side of the gate, is 5-16 inches thick on the
upper parts, 3-8 inches thick below, is buit-spliced and caulked in

|

N R 9




it. The
eat that
for over-
1 in this
d thrust
ork., It
imber at
age with
edded in

rent type
purpose.
the Euro-
rertically,
the head-
» the sur-
feet clear
necessity
m a desir-
1od which
nstructed,
he sketch

g the end
ower edge
[ the gate
be opvnvd

irs. The
hydraulic

1 with it.
work con-
'h connect
of stresses
. they can
r (that is,
ick on the
caulked in

Bl S B L e

§
i

| 3
;! b S
b 4
"
R
, ¢ ¥l
RO A A |
(o &
¥ [
1‘ &\\: ]
N D
N f
|
N | ‘
il #
\; IR L
N e
Q* I F
NE LFL} |
Ne ) / Elik
d | £
! |
v - | i’ ,
4 I if|C
v N 1Y,
¢0p o
X, s ~
i R
1
hoy $ B
\ NN \
¢ Mg \ \
y ci WY f,
] N n‘-‘
; P’ l o il
{ ‘¥
i AR 9 a
% §
—NY ¢ F ]

Cen*re Tower Guides
Sectionc! Plan

HYDRAULIC LIFT LOCK ON THE TRENT CANAL.

—

M&“M.‘!‘o'*wm“

L

-

1
Shde srewr here 19 !
‘axifre on ™use o8 ||

N_—

Fres e mr

Side Tower ‘Guides,
Secnona! Plan

Dection of Main Trusses
showing location of Main Slides | Lh. V)

i
4
0 v
APNCI
) .i ¥ '_‘ This shde for Rull lergth 1
(8 Na A o end pour f
Lk ™ fi !
| S e s ’
¥ = ‘Iq\f 1( '&?
41k
K
¢ L
N
End Guides,

Secrional Plon

For Loeanon of Guide Anc' - e
sec Magonry” Plong, g

DETRILS oF GUIDES

Scale - 11

W@ B 23 cnc




142 HYDRAULIC LIFT LOCK ON THE TRENT CANAL.

.
the same manner as the plating of the chambers. In order to render
the gates less cumbersome in handling, or rather to make it prac-
ticable to handle them, the space between the vertical beams will be
taken up by light, water-tight, galvanized-iron boilers of the type
commercially known as range or hot-water boilers, and the buoy-
ancy which will be gained by the use of these boilers will make the
gate so that it can be readily maintained in any desired position.
I{ was originally intended that this buoyancy should be obtained,
as will be seen by an examination of the contract drawings, by plat-
ing the gates on both sides and having them caulked. But a further
study of the subject seemed to show that this was an undesirable
method, as the possible racking of the gates in operation might cause
the caulking to become loose, and thus destroy the buoyancy in such
a way that it could not easily be repaired; and further the extra
amount of plating required to obtain the buoyancy added materially
to the weight of the gates. A new method was therefore sought for,
and the ranger boiler idea seemed to possess so many merits that it
was readily agreed to by the contractors. These boilers are light
in construction, thoroughly galvanized within and without, and
tested under any required reasonable pressure; and they are cheap.
Damage to one or more of them would not materially effect the
operation of the gate, and a broken one may be readily replaced at a
convenient time. 'The galvanizing will of course prevent any cor-
rosion of the iron by the water.

Water-tightness is ensured within the gates and chambers, or
reaches, by means of a rubber strip, about 3” x }”, fastened along
the sides and bottom of the frame against which the gate closes.
The pressure of the water itself keeps the strip tightly pressed
against the gate, in this way preventing any leakage. The edge
against which the rubber bears is machined to a true surface.

The hydraulic engine operating the gates is situated in such a
way that its main shaft is on a line with the axis of the gate, and :
sprocket pinion is attached to it next to the side of the recesses. A
second sprocket, which is connected to the former one by a chain, is
attached near the top of the gate rigidly to the same shaft as a
pinion which engages with a segmental rack fixed to the side of the
masonry. The rotation of the engine shaft causes the gate to be
raised or lowered. The shaft extends across the top of the gate, and
at its farther end has a similar pinion engaging in a corresponding
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rack, in this way bringing both ends of the gate up without a
twisting motion.

While speaking of the gates it would perhaps be well to describe
the method whereby a water-tight joint is made between the end of
the chamber and the corresponding end of the reach. The end of
the chamber clears the end of the reach by a space of about 1%
inches, and it will be seen that this space has in some manner to be
closed before the water in the canal can connect with that in the
chamber, or, in other words, before the gates can be opened. The
joint is made by the inflation with compressed air of a rubber tube,
which is fastened to the face of the reach along the bottom and up
the sides of it. This hose is made flat in form and lies against the
frame of the gate. When inflated with air, at a pressure of about
27 pounds per square inch, it will form by its tendency to become
circular, a joint which will be perfectly water-tight under a head of
12 or 14 feet, which is the maximum depth of the water at this
place. In practice it is intended to inflate this hose only as much
as may be necessary to make the joint tight, because the intended
amount of pressure increases materially the “end thrust” which is
referred to when speaking of the: guides. At one of the KEuro-
pean lifts this joint has been made by building the end of the lock
chamber on a taper and having a movable wedge, faced on both sides
with rubber, so adjusted against the end of the reach that when the
chamber comes to the top of its stroke, the two inclined faces would
b'nd against one another and in this way form a water-tight joint.
This method, while it has its advantages, seems also to have its dis-
advantages, and these were considered so great ‘that the hose idea
was adopted.

THE LARGE PRESSES.

The presses, which are really the most important part of the
whole mechanism, differ very materially from anything that has
hitherto been constructed. The pressure by the gauge during oper-
ations will be 600 pounds. The rams have a finished, external
diameter of 90 inches, and the inside diameter of the presses is 7
feet 8} inches, giving a clear space of 1} inches all round the ram.
The rams themselves are built of cast iron 3} inches in thickness,
made up in sections. Each section is 5 feet 3 inches long and is
bolted to the adjacent ones by 1} bolts through inside flanges. The
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joints between the sections are made perfectly tight by means of a
gasket of thin soft copper, rolled true to gauge, of cross section
dimensions of 3 inch by 1-16 of an inch. This gasket is brazed in
the form of a ring. The end sections of the ram castings are rab-
beted to fit into one another and have male and female corrugations.
The copper is put in flat and when the joint is screwed down tightly
becomes corrugated, making the joint perfectly tight.

It is, however, in the presses themselves that the important
changes have been made. In the presses at Anderton, cast iron sec-
tions were used throughout. Failure in these caused Mr. Clark
to change his plans. In order to obtain a more satisfactory type of
press, cast iron at such high pressure being unreliable in tension,
many experiments were tried, and the presses at La Louviere and Les
Fontinettes were built on two different plans. The Les Fontinettes
presses consist of steel hoops, rabbeted and piled on top of one
another to make up the required height, water-tightness being gained
by an interior lining of copper brazed, in much the same manner as
the inner tube of a bicycle tire gives air-tightness to the tire; the
copper is water-tight and the steel hoops take all the tension. At
La Louviere a different method was tried. ~The sections of the
presses were of cast iron to get the water-tightness, and the strengtft
was given to these sections by means of steel hoops rolled in the
ordinary tire mills, rabbeted so as to fit together, heated and shrunk
on to the sections. On either end of the cast iron sections a small
lip or projection was left while turning them, to serve as a protec-
tion against the hoops being dragged off, but these lips were not so
large as to prevent the heated hoops from being passed over them.
The end hoops of the sections were flanged and served as a means
of bolting the adjacent sections together. This has proved to be a
very satisfactory type of press, but it requires not very much con-
sideration to see that it is also a very expensive one. The cast iren
sections must be turned with the utmost accuracy; the greatest care
must also be used to have the hoops bored out, and an immense
amount of machining is required on each of the hoops. The heating
of the hoops is also a serious matter, and after the press is finished,
while there may be no doubt whatever of its suitability, still the
actual stresses are very uncertain. They endeavoured to set up suffi-
cient compression in the cast iron when in the normal condition to
exactly balance the tension produced by the load when working, and
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in this way leave the cast iron in a neutral state of stress. This
style was shown on the plans for the letting of the superstructure,
and was tendered on by the European firm which built the La
Louviere lift, who asked to have them made the same diameter as
those at T.a Louviere (namely, 2 meters) instead of 7 feet 6 inches
diameter as our specification required. The present contractors,
however, in their tender, submitted also an alternative tender for
presses made of steel castings, at the same time making such a sub-
stantial decrease in their alternative figure that the Government
felt compelled to enquire very carefully into their proposal, with the
result that their tender for the presses of steel castings were
accepted. Mr. Clark, in his experiments of presses, had tried steel
castings, but in one of the large sections he produced failure at
about 40 per cent. of its calculated ultimate strength, owing, as
examination showed, to the fact that a large piece of scale had be-
come loosened from the mould and had embedded itself in the wall
of the casting. This was really all the information along this line
that the Government had when entering upon their investigation as
to the feasibility of using steel castings for this purpose, with, of
course, the knowledge that immense strides have been made in the
manufacture of steel castings since the tests at La Louviere were
made ten years before. A careful study of the products of some of
the large steel casting manufacturers of the United States, and of
their test specimens, coupled with the assurance that they were able
to make a satisfactory press in this manner, led to the adoption of
steel castings, which are now in shape to be placed in the work.
The internal diameter, as has been stated, is 7 feet 8% inches, the
thickness of the metal 3% inches, the length of the sections 5 feet
3 inches, with flanges on either end for connection purposes. The
thickness, 34 inches, was chosen chiefly as a matter of considera-
tion in casting rather than on account of the stresses. The maxi-
mum pressure in the presses will probably give a tensile stress in the
walls of about 8,500 lbs. per square inch. The Government required

that every casting in the presses should undergo a pressure test by .

water. The maximum pressure to be applied was decided upon as
2,000 Ibs. per square inch, which strains the metal of the casting
almost up to the elastic limit; and this pressure may be applied and
relieved as many times as the engineer may direct. It is considered
that this will insure, beyond a doubt, that every casting is perfect
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and that no flaws or large faults exist in them. The tests already
made on these castings have been eminently satisfactory, and have far
exceeded the most sanguine expectations. Not only have the steel
castings taken the load perfectly, but there has not been the slightest
oozing, while some of the auxiliary ordinary iron castings used in
the test have allowed the water to pour through them like sponges.

The tops of the presses are finished with a stuffing box of rez-
tangular form, 1 inch wide and about 10 inches in depth, and will
be filled: with braided hemp, which before using is about an inch
square in section. It is intended to use about nine rings of this
hemp in the stuffing box. The hemp is tightened down by means of
a steel gland or follower held by stud-bolts tapped into the top
section. The gaskets forming a water-tight joint between the
adjacent sections of the press, are of copper, the same as those
described for the rams. In the tests already performed there has
been no difficulty experienced in keeping this hemp packing quite
tight under pressure of 1,200 lbs. per square inch.

Another important deviation from former examples is the man-
ner in which the water is admitted to, or discharged from, the
presses. It is necessary that a volume of water equal to the volume
of one of the rams be forced from one press into the other during
the proceés of lockage. The chief difficulty with the Anderton press
was encountered at the point where the connecting pipe joined the
presses. To overcome this, a rather complicated inlet system was
devised and patented by the Societé Cockerill of Seraing, which has
proved very satisfactory on the La Louviere lock. The contractors
of the Canadian lock suggested an entirely different form of inlet,
which consisted practically in the enlargement of presses at the level
of the connecting pipe by a swell, which would permit the water to
discharge freely away from the ram. Before approving of this the
engineers studied the matter very carefully, and after a most liberal
application of hydraulic formul, and the most variable results from
very slight changes in assumptions, it was decided to perform some
experiments to determine if possible what would be the best arrange-
ment of curves for this inlet. A model was made of wood one-fifth
full size, and the curves suggested by the contractors were accur-
ately and carefully formed in the model and shellacked. Water from
a height of about 80 feet was discharged through this model, which
represented as closely as practicable the actual conditions which will

i Ao it B SN i it ot
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exist, and the curves were correctly
of experiments being performed
found that after certain enl
charge from the model w
from this that these
and least friction.

and carefully increascd, numbers
with each set of curves. It was
argements had been made, that the dis-
as no longer effected, and it was assumed
curves would give probably the best results
These lines were agreed to

The pipe connecting the
ameter, made of stee]

by the contractors.
two presses is 12 inches internal di-
castings one inch in thickness, the various
iengths being fastened together with bolted flanges. Midway between

ly under the centre of the central tower is
located the main valve, which

the presses and immediate

closes the connection between the
presses. This valve ig controlled solelv |

)y the lock master in his
cabin on the top ol the central t

ower. Beside the main gate valve
there are two auxiliary valves which are closed or opened automatie-
ally by the lock itself during its motion. These valves serve as a
protection against possible accident, and each valve
chamber by the time it
being started about the |

is closed by the
reaches the end of its stroke, the closing

ast eighth or 8 feet of the stroke.

THE AUXILIARY PLA NT.

As has been stated, the hydraulic lock is

but it will be seen that slight leakages
le] (o]

presses cannot be avoided,

theoretically automatie,
about the gland of the main
For this reason it is necessary that some
supply of water under pressure be maintained

and always ready when
. mi ¢ . . . =
required. This supply is provided from

an i](‘(‘ll]lllll;ltﬂ[‘.

THE ACCUMULATOR.

The accumulator consists of a cylinder in which a ram works,
the ram carrying a weight which may be increased o

r diminished
according as it may be desired to change the

pressure in the water
contained in the presses. TIn the accumulator in question it is in-
tended that the ram will be loaded to give a pressure of about 15 1bs.
more than that at which the large presses will work, so that in event
of additional water being reauired in either of the large presses, at
any time it can be readily admitted from the accumulator. The
accumulator receives its supply of water from a pressure pump
located in the pump-room, the pump being driven by a small water-
wheel working under the head of the upper reach.

The accumulator
is built after the same manner as the 1

arge presses, having a press
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or outside cylinder of steel castings. In the type of accumulator
invented by Lord Armstrong, the ballast-box, whereby the weight is
applied to the top of the ram, is in the form of a ring encircling
the press. But this appears to be undesirable, because when the ram
is at the top of its stroke there is practically a pivot joint in the
middle of the column, the height of which is twice the length of the
ram. This accumulator is now built with the ballast-box directly
on the top of the ram, and the top of the press is stayed to the walls
of the concrete, where it is installed. It is expected that a much
cteadier motion will be obtained in the machine by this method.
The accumulator is installed in a void in the eastern side tower, and
a cylindrical well has been carried down to about the level of the top
of the large presses in order to contain the press. The stroke of the
ram will be accommodated in the height of the tower. The diameter
of the ram is 20 inches and its stroke is 30 feet 6 inches. This will
give, without further supply from the pumps, a sufficient quantity of
water to raise one of the large rams one foot high.

As it was necessary that the accumulator and pump should be
installed, it was thought desirable that the gates and the capstans
for towing vessels in and out of the chambers might also be operated
to advantage from this power, so it was decided to use Brotherhood
three-cylinder hydraulic engines to operate the gates, one for each
pair of gates upstream and another for each pair of gates down-
stream, the gearing being so arranged that only one pair of gates
can be worked at a time. 'The hydraulic capstans are practically of
the same form as these engines and are operated by the same power.
The engincs and the capstans are being constructed by the Hydraulic
Engineering Co. of Chester, England. '

THE PUMPS.

The accumulator receives its supply of water from two high
pressure hydraulic pumps located in the pump-room. Each of the
pumps has a capacity sufficient to operate the accumulator, the two
being provided in order to form a duplicate plant. The pumps are
built in the most substantial manner, having bronze pistons and
piston rods, and bronze-lined cylinders. They are directly connected
to the turhines by which they are driven, and are so arranged that in
case of accident both can be connected to pump up the lock-chambers
singly so as not to completely stop the traffic on the canal.

—
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A pump having a capacity of about 20 cubic feet per minute is
provided for the continual unwatering of the lock-chamber pits and
is placed in the lower gateway engine chamber discharging into the
lower reach. It will doubtless be impossible to keep the lock-
chamber pits perfectly dry, owing to the height of the water back of
the walls. This, together with a certain amount of leakage from the
presses and other machines, as wel] as from the gates, will accumulate
its around the main presses. When
this water reaches a level very nearly the floor of the pits at this
place, this pump will be automatically started and work until the
water is taken out to the desired level,

in the lower portions of the ]

THE TURBINES.

The turbines operating the pressure pumps are located in the
pump-room and derive their power from the 65-foot head of the
upper reach. This water is taken in through a screen or rack at the
side of the reach, and down a vertical penstock leading into the
pump-room, the wheels discharging into the two draft tubes em-
bedded in the concrete wall separating the pump-room from the
culvert into which they empty.

The culvert conveys the water to
the level of the lower reach, wher

e it will be utilized to make up for

the evaporation and percolation on this short stretch of the canal.
Each of the turbines is 16 inches in diameter and is of the “Croker”
type. The turbines are built in the most substantial manner and
have bronze steps. Tt is ordinarily intended that one of the turbines
shall be utilized to operate one of the pumps, while the other will
generate electricity for lighting the lock and for supplying electrical
power for any other object which may be deemed advisable within
reasonable distance of the lock, such as the operating of the swing
bridges and the guard gates. The turbines are arranged so that each
can work either pump. The working of one pump is all that will
ordinarily be required; if necessary, however, both may be operated
at the same time,

THE DYNAMO.

The type of dynamo has not yet been decided upon, but it will
be sufficient to provide about 100 are lamps. 1t is intended fo install
this machine in the central chamber of the pump-room, belting it
directly to the turbine nearest to it.
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THE TAYLOR HYDRAULIC AIR COMPRESSOR.

Reference has already been made to the air tube which forms a
joint between the ends of the chambers and the ends of the reaches
and which is inflated with compressed air, when it is required to
make the joint. This air is supplied by a compressor, built under
the patents of the Taylor Hydraulic Air Compressing Co. of Mon-
treal, and is located in the south-west corner of the main well. It
receives its supply of water from the upper reach and the air is com-
ed by becoming entangled with the water at the point of inlet,

press
the water to a depth considerably below that at

dragged down by
which the water escapes, and afterwards collected below and thence
delivered into the pump-room. The inlet of the water indicated
on the masonry plans is about 13 feet above the outlet, which may
be seen passing over the top of the main wall, and into this the inlet
or feed-pipe delivers. The headpiece is a device separately patented
whereby air is admitted so as to become entangled with the inflowing
water.

It is connected through its base by an 18-inch pipe to a tank
85 feet below it. The connection at the lower end of the pipe is
made on the side of the tank where the water is given a horizontal
and rotary motion, allowing the air to collect in the conical top of the
{ank. A 4-inch pipe is attached at the top of the cone, delivering the
air at the required destination. The lower tank, 11 feet in diameter,
is open at the bottom, permitting the water to escape after the air
is released. The water then rises around the outside of the tank
and up the 42-inch shaft i which the 18-inch down-pipe, before
referred to, is placed, and escapes at the outlet above the level of
the top of the roadway. The pressure of the air is that due to the
column of water from the water-line in the lower tank to the level
at which the water escapes in the outlet at the roadway level. The
lower chamber also forms a reservoir for, as well as a collector, of the
compressed air; the compressor is automatic in its action and runs
continuously, a safety valve being provided to allow the air to escape
when too much accumulates below.

From the pump-room the compressed air is led in pipes to the
various places at which it is required to be used.
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METAL IN THE SUPERSTRUCTURE.

A summary of the amounts and the various kinds of metal
included in the superstructure is as follows:—Rolled steel in plates
and shapes for the lock-chambers and gates, 1,680,000 1bs.; cast iron
in the main rams, accumulator, guides and various machines, 495,000
Ibs.; steel castings for the main presses and accumulator, 668,000 1bs.

OPERATION.

The operation of the lock will require three men—a lock-master
and two assistants or gatemen. The duties of the lock-master will
be to oversee everything, and he will be fully responsible for the
structure. The gatemen will be required, one at the lower end and
the other at the upper, to open and close the gates, make good the
joints between the ends of the chambers and the reaches and to
operate the capstans. Tt will also be necessary for the gatemen to
take charge of vessels at a distance of about two hundred feet above
or below the lock, at which point the

vessels will pass into the sole
charge of the hydraulic lock men.

The lock-master, during operations, will be required to stay in
his cabin, located on the top of the central tower, where he will be in
full view of all the operations and in full communication with both
of his assistants by a simple signal system. The lock-master will
have all the levers before him, and will control all the workings of
the lock. The levers for controlling the gates, water-tight joints,
capstans and all parts of the apparatus will be interlocked so
that none of them can be moved out of proper order, thus guarding
against possible accident and giving the lock-master complete and
sure control of the whole apparatus. In order to get a clear idea of
the complete mode of operation, let us assume that both lock-
chambers are down at the lower level, and empty, as they will be at
the end of the winter, or even when it is desired to prepare them for
navigation purposes. Each of the presses will be filled with water
by the pumps. The main valve on the connecting pipe will be
closed and water will be pumped into one of the presses until the ram
with its superimposed chamber rises to the level of the upper
reach. An examination of the case will show that it is necessary
that the uppermost chamber, in order that it shall be able in
descending to cause the other to take the full upward stroke, must
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contain a volume of water greater than the rising chamber contains.
This extra amount of water is equal to the volume of one of the
main rams, since the change that takes place during the relative
motion of the two chambers, is that the ram of the descending
chamber becomes constantly immersed while the other protrudes.
In popular language, the descending chamber is losing weight while
the ascending one is constantly becoming heavier. It is also neces-
sary that some extra weight or “surcharge,” as it is called, be pro-
vided to overcome the friction of the guides and of the stuffing
boxes of the main presses. The area of each of the lock-chambers
'is 80 great that it requires only an additional depth of 8} inches to
give an extra load of water of 100 tons, which will, no doubt, be
quite sufficient. The addition te this weight will, of course, have
the effect of accelerating the time of the relative change in posi-
tion of the chambers. It is intended that the actual time required
in raising the chamber through the whole elevation, will be about
three minutes. But this will depend upon the adjustment of the
main gland, the nicety of the working of the guides and the con-
trolling of the main valve in the hands of the lock-master. In the
European locks this part of the lockage is readily performed in three
or four minutes. Suppose that the uppermost chamber will be re-
quired to stop, say with its floor 8} inches lower than the bottom of
the upper reach. When communication is established between it and
the reach it will have a load of 100 tons in excess of that in the
lower reach, assuming that the depth of water in the two reaches
is the same. Then the total operations to perform the lockage, assum-
ing that the gates adjoining the reaches are open and that the water-
tight joint between the chambers and the reaches is made, will con-
gist in hauling the vessel into the chamber and mooring her there
securely, closing the gates, deflating the water-tight joint and open-
ing the main valve between the presses. The heavier chamber will
commence to descend, the motion being allowed to increase gradually
by the gradual opening of the valve, until it reaches the maximum
speed. At about three-quarters of the stroke the main valve is
slowly closed, communication between the presses being entirely cut
off when the end of the journey is reached. Theoretically it would
appear possible to have an ideal surcharge which would perform the
required stroke without the operation of any valve whatever. The
change in elevation being made, the water-tight joints are again made

R
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by the air tubes between the chambers and the adjacent reaches, the
gates are opened and the vessel or vessels are free to go on their
Journey, after being towed out by the capstans. The surcharge con-
tained in the descending chamber simply flows out into the lower
reach, while a similar quantity to perform the next lockage is
admitted into the chamber which has Just reached the higher
elevation.

It would appear that the hydraulic lift lock possesses many advan-
tages over locks of the ordinary type. First of all it bears the same
relation to the ordinary lock as the double track railway does to the
single, for one vessel may be locked downwards and another upwards
at the same time, this making no difference whatever to the lockage,
as the admission of the vessel is merely a question of displacement
of so much water, Again, the saving of time is an important item,
for the total operation is readily performed within a space of twelve
minutes, while with the ordinary locks an hour or more would be
considered fast work. The third advantage, and one which is of
great importance where there is a scarcity of water in the upper
reach, is the small quantity of water required to make the lockage.
In the ordinary form of lock the amount of water is equal in volume
to the area of the lock multiplied by the height through which the
lift is made, which is very many times greater than the quantity
required by the hydraulic lift lock; indeed, certain conditions of
traffic may arise which make it possible for water to be delivered
from the lower level into the upper.
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REPORT OF THE TREASURER.

Mr. President,—I beg

of balances, receipts and expenditures for the

———

leave to submit the following statement

period between April

27th, 1901, and March R1st, 1902

To Balance on hand April 27th, 1901

To amount

¢ “«
€« ‘
< (13

By amount

19 ‘¢

“« “

" “

13 43

119 [

(3 «

119 (19

19 13

By Balance in Bank of Commerce

................ $ 219 49
from advertisement and sale of
pamphlet No. 14 ..., . .. .. .. $ 157 73
collected as fees of ordinary mem-
e e i 170 00
received from Librarian ... .. 640 95
received as life-memberg’ fees.... 16 00
_— 984 68
TG LD, s S L TS $ 1,204 17
paid for publishing pamphlet
No. Weoniie onnss $ 424 00
R . TS 11 67
“  photos and frames for
L SR 4 50
“  printing and stationery. 11 25
“  paper, supplies, ete. .... 546 60
“ ribbons, flags, ete. ...... 18 97,
“  representatives to Queen’s
and McGill ......., 38 35
“  customs and exchange. ., . R 94
“  advertising committee. .. 3 85
1,062 13

142 04

$1,204 17
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168 TREASURER’S REPORT.

It might be well to bring to the notice of the members the fact
that very few of the graduates pay the necessary fee to entitle them
to life membership and our annual pamphlet:

Also that the cost of our pamphlet far exceeds the sum received
from our advertisers. If our life members would assist us in this
matter we would soon be in a position to make our publications more
valuable than they now are. All of which is respectfully submitted.

Yours,
E. A. JAMES,
Treasurer.
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AUDITORS’ REPORT,

—

We hereby certify that we have thig day examined the accounts
of the Treasurer, and vouchers therefor, and find 3 balance on hand
of $142.04.

There is an untstnnding debt of $60.4 9, and outstanding

accounts
due the S(J(‘ivly of $28.00.

R. J. Dunrop,
F. D. HEeNDERSON,

Auditors.
March 21st, 1902.
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