
34 Vol. 50, No. 1.THE ENGINEERING RECORD.

mixture could be made by the inexpensive wash-

mill process, without any grinding o£ the raw

materials. This condition still prevails in the

wet process, as raw materials which require wet

grinding greatly increase the cost ot produc

tion. But there is no special reason why the

dry process should continue to follow this prece

dent if important advantages are to be gained

by departing from them. You have, then, a

constructive outline for a formula which is be

lieved to be the logical development of the pres

ent testing requirements.

The Connel Terry Cantilever Bridge,

Scotland.

The Connel Ferry bridge carries the single

track of the Callender & Oban Railway across

Loch Etive, Scotland, and is remarkable for

the peculiarities of its trusses and for having

a clear span of 500 feet, which is said to be

longer than that of any other railroad bridge in

Great Britain, excepting the famous Forth

Abridge. The bridge is built across a rapids hav-
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angle. It is thus a very unusual and Irregular

structure. The principal members of these tri

angles are the overhanging struts, which are

battered transversely and transmit all the load

to the piers. They are secured to the anchor

piers by massive ties and struts inclined in both

directions.

The cantilevers may be differently described

as having each two vertical triangle trusses

with horizontal bottom chords and inclined top

chords, vertical posts and single systems of

main diagonals with sub-verticals and sub-di

agonals to support the floor system. Each truss

is an isosceles triangle, except that two panels

next the vertex on the river side are removed,

leaving a depth of 29% feet at the junction with

the suspended span. The remarkable feature of

the top chords is their manner of support at

the vertex where they are connected to the

upper ends of inclined poets 118 feet 2 inches

high battered transversely and overhanging

the centers of the main piers by 33% feet.

These posts take the place of main towers and

are tied back to the abutments by the top

chords of the trusses, which have vertical an

chorages to reaction platformb ouilt into the

lower part of the masonry. The lower ends of

the top chords are braced to the feet of the In

clined posts by oblique struts forming the third

sides of large triangles which are crossed by the

trusses. This arrangement virtually provides

a rocker bent for the support of the cantilevers

on the main piers.

chorages at the shore ends of the stresses are

split at the bottom so as to give in the trans

verse axis of each pier four equi-distant rivet

ed connections to the reaction platform of steel

girders built into the masonry 45 reet below the

top of the pier and accessible through inspec

tion tunnels from the faces of the pier. The

piers are 24 feet wide and 110 feet. long on top,

and they have an effective counterbalancing

weight twice as large as the maximum reaction.

The trusses of the suspended center span are

29% feet deep and are divided into 29%-foot

panels. They have lateral and tianaverse brac

ing corresponding to the cantilever trusses, and

there is a clearance of 14% feet between the

rails and the overhead sway-Dracing. Their

vertical end posts have rounded ends, which

take bearing on the upper sides of the bottom

chords and on the lower sides of the top chords

of the cantilever arms and allow for expansion,

contraction and deflection in the nmsned struc

ture.

The rails of the single track are carried in

steel troughs supported by plate-girder cross

beams 23 inches deep and from 14 to 16 feet

apart. There is a floor of %-inch flat plates be

tween the rails and on one side of the track

there is a foot walk with latticed hand rails.

The masonry construction was commenced in

1898 and the erection of the steel, in May, 1900.

It was finished in June, 1903. Low-level false

work was built between the main piers and the

abutments, and on it the lower inclined struts
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ing a current of about 12 miles an hour which

made it impossible to construct falsework, and

the span was therefore designed to afford 690

feet total width of water-way with two main

piers 524 feet apart on centers and a superstruc

ture 50 feet in the clear above' high water level.

The approaches at both ends consist of full-

-centered arches of 38%-feet span and solid ma

sonry abutments. The piers are of stone

masonry carried in cofferdams to the solid

rock, and the superstructure of the main span

is of steel and weighs nearly 2,000 tons.

The design of the trusses is of an unusual

-character, as indicated in the accompanying dia

grams. They consist essentially of two canti

levers each having a short anchor arm and a

long channel arm, connected by a suspended

center span. The cantilever trusses are unsym-

metrlcal and are peculiar in that they are built

without the usual vertical towers on the main

piers. Each is equivalent to a large triangle

balanced on one apex, so that part forms the

anchor arm and the remainder forms part of

the cantilever arm, which is extended by a sys

tem of secondary bracing carrying the floor

platform and projecting nearly 100 feet be

yond the overhanging upper apex of the trl-

The main inclined posts are seated on the

piers with 10xl4-inch riveted steel pedestals,

which transmit a maximum pressure of 1,500

tons each to the masonry. The pedestals are

connected by steel tie beams built into the pier

so as to take up the horizontal component of

the stresses in the inclined posts and prevent

the development of cracks in the masonry.

Wind pressure and vibrations are provided tor

by lateral struts and X-bracing between the top

and bottom chords and by X-bracing in the

transverse planes between vertical posts. Sup

plementary lateral bracing is provided by hori

zontal inclined struts reaching from both ex

tremities of the lower chords to the main in

clined posts, where the width is increased to

43 feet and they take bearing through brass

rubbing pieces. Horizontal diagonal struts

transfer the larger portion of the lateral

stresses from the lower chord panel points to

the supplementary struts.

The main inclined posts have a 6-foot 7-inch

x 4-foot 6-inch cross-section made up of plates

and angles, the webs being stiffened with out

side reinforcing Ts and angles. The principal

members of the trusses have rectangular and

trough shaped cross-sections. Tne vertical an-

were assembled. Afterwards the falsework was

built higher to receive the anchor arms of the

cantilevers, which were erected on it by loco

motive derricks at track level. The truss mem

bers were very carefully calculated and were

built to allow for dead load extensions and com

pressions so that they would assume the cor

rect theoretical lengths under erection stress

and thus avoid the necessity of corrections for

deflection.

The riveting was chiefly done by pneumatic

hammers, although some rivets were driven by

hydraulic pressure. Beyond the piers the erec

tion was accomplished by boom derricks mount

ed on an eight-wheel cantilever platform heav

ily loaded with kentledge at the shore end so

as to project a considerable distance beyond the

finished truss. No mention is made of any an

chorage for the travelers and it is to be in

ferred that the stability was insured by the

counterweights only. The center span was

erected from both ends in continuation of the

cantilever trusses and was connected to the lat

ter at each of the eight points by means of sin

gle horizontal screw bolts 8 inches in diameter

with 4-inch washer plates to distribute the

pressure on the webs of the chords. The nuts
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we.e cut to engage worms operated by capstan

bars so that the ends of the trusses could be

moved horizontally and vertically to secure the

final adjustment of distance and alignment.

Safety nets were provided under the travelers

and were said to have prevented several acci-

. dents.

Sir John W. Barry, Messrs. Formans & Mc-

Call, Mr. H. M. Brunei and Mr. E. Cruttwell

were the engineers for the design and construc

tion of the bridge. Mr. A. J. Pringle was the

resident engineer and Arrol's Bridge & Roof

Company, Ltd., Glasgow, was the contractor

for the steel work, which was illustrated some

time ago in "Engineering."

Elecrical Smelting of Iron Ore is said to

•offer a promising field in Canada, according to

Letters to the Editor.

. Diagram for Computing Sizes of Direct-Cur

rent Wires.

Sir:—In The Engineering Record of June 18

I noticed with interest an article on logarith

mic diagrams and their uses. This prompts

me to enclose a diagram which I constructed

for computing the sizes of wires for incandes

cent currents. This diagram has been used for

some time to considerable advantage and con

venience by a practicing electrical engineer.

While the formula is a very simple one, yet

the logarithmic diagram shows how to treat

the divisor in an easy manner.

The formula is:

Clr. mils = 2 X Distance in feet. X 10.79

X Amperes -r Loss in volts.

Case 1. Given a current of 30 amperes, a dis

tance of 500 feet between generator and cen

ter of distribution with a stated loss of 4 volts,

to find the required gage number of wire. Fol

low vertically along the 500 foot line to its

intersection with ampere line 30, thence hori

zontally to intersection of loss in volts line one,

thence vertically downward to loss In volts line

4, giving a circular millage of about 81,000

CM. From this point trace horizontally to the

gage scale, where this point falls slightly be

low the line marked 1 In the gage number col

umn. This number of wire having the required

carrying capacity is the gage number required.

Case 2. Given a current of 70 amperes and a

distance of 400 feet, using a single 0 wire to

find the loss in volts. Follow vertically the

400 foot line to its intersection with the 70 am-

Carrying
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the preliminary reports of the Canadian Com

mission which recently visited Europe with the

idea of investigating the possibilities of develop

ing the ore fields of Canada by utilizing energy

supplied from hydro-electric plants. It appears

that the energy absorbed per ton of pig was

found at Sivet, France, to be 0.226 horse-power-

year. The principal items of the cost of produc

tion of a ton of iron is as follows: Cost of ore,

$2.76; coke for reduction, $2.31; electrical en

ergy at $10 per horse-power-year, $2.26. The to

tal, exclusive of royalty, is $10.60.

The horizontal lines indicate the circular

mils, the vertical lines the distances and the

diagonal lines running upward toward the

right the amperes. The losses in volts being

the divisors are shown as diagonal lines run

ning downward toward the right.

The conversion scale or diagram shows the

circular mils and the B. & S. wire gage num

bers. Opposite these are also shown the actual

circular millage for each gage number and the

corresponding capacity in amperes for open

and concealed work.

pere line and then horizontally to the loss In

volts line one. From this point drop vertically

to a point horizontally opposite the single 0

line In the gage number column. This point is

between the loss in volts lines 5 and 6, showing

a drop of about 5.8 volts.

Case 3. Given a distance of 700 feet, to find

the number of amperes which a cable of 300,-

000 CM. will carry with a loss of 4 volts.

From the intersection of the 300,000 CM. line

with the loss of volts line 4. follow vertically

upward to the loss of volts lien one, then hori
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CONNEL FERRY RAILWAY BRIDGE.

'ir Ballachulish extension of the Callander and Oban

Railway, Worked by the Caledonian Railway Company,

Which extension was sanctioned in Parliament in the

was officially inspected by Colonel
session of 1895,

"the Buchanan-street Station of the either carried out or proposed, in the Western Highlands.
aledonian Company,

gentlemen re resentat

and of the pr.

and conveying a large number of

ive of the Caledonian Company,

traversed the new extension, the
I' holding a £

otel
chulish H eI.

he new li
the Ca' ine extends fr

The country involved in the undertaking does not readily [bably not less,

lend itself to railway extensions,' to the£
- - d of the coast line, and the various in ervening arms of thein the£ and contracting firms concerne sea had either to be followed in detour, or bridged across,

g, with the result that in several cases bridges have been

erected of considerable£, #£ the
- -T) - in

om, Connel Ferry Station on | Creran Bridge, over Loc * Creran, and notably so
* and Oban line, about five £, from the 'the case of the crossing of Loch Etive,

mal opening function in the Balla.

6th, and November 10th, 1902,

- the “Charing Cross of the Highlands"— , almost to the point of disjunction from the old line at
£near ££ of Loch Linnhe. It is Connell Ferry. Here the new line crosses Loch Etive,

nearly 28 miles in length, and traverses a district of
"...its narrowest part, it is true, but almost coincident

surpassing interest, both physically and historically, with the “Falls" or a
pids-of Lora; a circumstanceShort as the line is the construction of it occupied which imported into the

- --- £ of the crossing severalnearly five years, and the approximate cost is given special features of difficu
'' on behalf of the Board of Trade, and passed for at £400,000, a somewhat larger figure than the

£rvice, in the second week of August, and on August original estimate. -

*lst it was formally 9pened for traffic. A special saloon minently out amongst the vario

train, starting fro

ty, and renders the completed

structure one of quite exceptional interest.

The waters of the loch here have at spring tides a

drop, in a length of 350ft, or thereby, of 4ft.; and the

Current, both at flood and ebb tide, is very rapid; pro

if it could begauged aright, than from 10 to
11 miles an hour at ordinary spring tides. Owing to the

navigation for small steamers and othercraft to the upper
portion of the loch having to be Preserved, and to the

difficulty of forming piers in the rapid running tideway,

the cantilever form of c
onstruction for the bridge recom:

mended itself to, or almost forced

itself upon, theclose designers, and aii the "ore so on account of the

The line, however, stands pro

us railway enterprises,
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impossibility of having even temporary staging erected

in the midst of the flowing waterway. The total width

of the waterway is 690ft., and the two main granite

piers supporting the two end cantilevers are 524ft. apart,

centre, to centre. The clear span is 500ft.—of which

232ft. in the middle consists of ordinary girder work—

thus giving to the Connel Ferry Bridge the distinction

of being the second longest clear-span railway bridge in

Europe, the Forth Bridge, of course, taking precedence.

The clear height from high-water level to the underside

of the central girder span is 50ft., while the total height

from high water to the highest point of the bridge is

125ft. The latter figure, of course, applies to the two canti

lever spans at the ends of the bridge, the central girder

span being built out from each end, in continuation of the

cantilevers, temporary connections being made at these

points until a junction was formed at the centre of the

bridge.

From photographs kindly placed at our disposal by the

builders-Arrol's Bridge and Roof Company, Limited,

Glasgow-we give herewith illustrations of the bridge as

nearly completed, and as it appeared at various stages of

progress. From these it will be readily gathered that

the design in its main features, and in respect of each

cantilever end, consists of two main legs or supports

resting upon a masonry pier and projecting diagonally

upwards and outwards to the middle of the waterway,

thus shortening the overhanging portion of the cantilever

trusses suspended from the top of the main legs. The

latter are held back by tie-booms, which form the upper

members of the cantilever trusses, the shore ends of

which are connected to the bases of the main legs by

long back struts. These, together with the main legs

and tie-booms, form large triangles, at whose base the

whole weight of the bridge and its load is carried. To

meet the tendency of this triangular conformation, and

its dependent accessories, to tilt seawards, the landward

ends of the canti'ever trusses are anchored down to the

masonry abutments forming the end of the land

approaches, which consist of three masonry arches.

The anchoring consists of massive steel ties and heavily

grouped and built anchor girders, the latter being about

50ft. below rail level. One of our illustrations, Fig. A,

shows the character of this anchor girder structure.

The masonry around and above each anchor weighs

about twice the amount of the maximum upward pull on

the anchor ties. The abutments are 45ft. in width by

20ft. thickness, and access is had to the ties and combined

anchor girder, for inspection and painting, by a subway,

the opening for which in the face of the abutment 10ft.

above high water level may be seen in one of our

illustrations.

The two main granite piers taking the bases of the main

legs are 24ft. wide at the top and 110ft. long. They are

founded on solid rock, and were built within cofferdams

in shallow water. Upon the top of each pier are two

built-up wrought steel bases, 14ft. by 10ft., for the main

legs. Each has been built with a maximum load in view

of about 1500 tons. Viewed endwise, or in cross section,

the main legs spread outwards as they approach the base,

so as to give the necessary stability to the general

structure, and in this connection it may be mentioned

that in the body of the masonry piers a series of vertical

steel tie plates, or beams, 24in by lin, thick, with box.

girder structural ends to take the functions of washers,

were embedded as cores or beams for tying the masonry

together against anything like lateral spread under the

superimposed weight. The girder washers were tightened

up to the masonry by means of powerful hydraulic jacks.

The horizontal rail-bearing, and therefore ultimate

member of the general steel structure, braced, of course,

in connection with the back strut from the apex of the

triangle, carries one line of rails and a footway; the total

width between the main girders, centre to centre, being

21ft.6in. Owing to the great length of the bridge relatively

to its width, and the heavy resultant wind pressure to

which it may be subject—the cantilever trusses and the

main girders of the middle span being all built in the

vertical plane—it was deemed necessary to provide

supplementary outer booms spreading in width from the

ends of the cantilever trusses till, at the point of crossing

between the main legs, where the width is 43ft., the line

of the outer booms again seeks the normal width of the

rail-bearing member. At the points of intersection

with the main legs the outer booms are fitted with

brass rubbing pieces, which, in the event of lateral

wind pressure, bear against , corresponding rubbing

pieces attached to the main legs. Horizontal struts,

fitted diagonally between the booms at each point of

triangulation, transmit the greater proportion of the

stresses coming upon the inner booms to the outer

booms.

Into structural scantling and detail we do not propose

entering at this time. The main members of the canti

levers are built up, in box section, of plates and angles,

the cross section measurement of the main legs being

6ft. 7in. (over outside stiffening angles, which are 6in. by

6in.) by 4ft. 6in. The section of back struts is 5ft 6in.

by 4ft 6in. The booms are built up of box and in

F

and the girder panels, consisting of straight parallel N leasily ascertained, and the work of closing in was com.

trusses in eight bays, are each of 29ft. in length. paratively simple. It may be mentioned that the measure.

The middle span girders are supported upon the extreme ment of what was requisite in this way was actually

ends of the cantilever spans by independent vertical within a quarter of an inch of what had been estimated

posts, whose bottom ends are borne by the cantilevers, and provided for... The work of fitting the closing in

whilst top ends bear against the undersides of the top length of the structure was accomplished on May 9th

boom of the middle girders. The ends of the posts are this year.

semispherical, and rest in corresponding sockets, thus The rail bearers, which, as already stated, are of trough

providing for ready adjustment to any slight movement section, accommodate the longitudinal sleepers, which

due to expansion and contraction, or to deflection in the are of Jarrah wood, 6in. by 13in, fixed with asphalt.

structure. Special chairs carry both running rails and guard rails,

With the completion of the building of the masonry the former weighing 85 lb. per yard. Owing to there

abutments and piers, which was commenced in 1898 being only one line of rails across the bridge-over

operations were begun on the steel work at both sides of which up, as well as down, traffic will, of course,

the Loch in May, 1900. Integral parts of the structure be, conducted—the ordinary method of scarfing the

were to a large extent, of course, riveted up before rails on long span cantilever bridges, to allow for

leaving the£ works at Germiston, Glasgow. In the expansion and contraction due to variation in tem.

this connection it may here be stated that quite two- perature, has been departed from. To obviate the

thirds of the total amount of riveting was carried out in objection of the rail scarf becoming a facing point in one

the works, pneumatic compression riveters as well as direction for up and down trains-especially at the 3in.

hydraulic riveters being used. The remaining third of gap, purposely left in the line of running rails at the

the riveting was done with the material in situ, this

being almost wholly accomplished by hand pneumatic

tools of the “Boyer" type, as supplied by the Con

junction of the middle girder span, with the two ends of

the cantilever spans—a butt or joint piece rail, several

feet in length, has been fitted outside the running rails,

solidated Pneumatic Tool Company, London. Generally and brought close up to the outside of same by cutting

speaking, the rivets throughout are in diameter, a small away the outside half of the bull-head of rail. The joint

proportion being of lin. diameter. The total quantity of piece has its topside edge gradually sloped upwards

steel used in the structure announted to close on from each end towards the centre of the gap in the run.

2600 tons.

The base plates on the main piers having been com

back struts, lower booms, main cantilever trusses, &c.,

from the abutments to the piers, and cranes, which ran

on the staging and lower booms at about rail level, were

used for hoisting and placing the material. Staging was

abandoned when the work had got as far as the piers, the

supports for the cranes thereafter being projected out

wards on the cantilever principle in advance of the work

to be done. There were two cranes—one steam crane

of 10-ton power, and one 3-ton hand crane—carried on an

eight wheeled trolley, about 80ft. in length. With about
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40ft. of the trolley projected in advance of the work—

being fixed in this position to the supporting structure—

and with a length of jib of 70ft., the 10 ton crane thus

commanded a considerable distance in advance of the

work already completed, and supported each additional

member of the girder work until bolted in position. The

3-ton hand crane, at the landward end of the trolley, was

used for placing the bracing and lighter structural items.

These arrangements may be discerned on some of the

illustrations we give, and attention may also be called to

the netting, placed under and carried along with the

trolley, designed to protect the workmen and tools

against accidental precipitation to the waters below.

This arrangement was effective in several cases of work

men thus endangered. Here it may conveniently be

mentioned that the average number of men employed on

the work throughout was about 200, the satisfactory

housing of that number, temporarily, in a district where

suitable accommodation was scarce or altogether absent,

and especially during the severe winter weather when

wind gales and rain were responsible for frequent and

sometimes protracted stoppages, being one of the most

trying problems in the undertaking as concerned labour.

By means of long massive screw bolts and nuts, which

were provided temporarily between the booms of the

cantilever ends and those of the mid-span girders, theverted U section, the top booms of the main trusses being

braced together diagonally and transversely. The lower

member of the transverse bracing of the centre span

girders is arranged to give a clear height of 14ft 6in.
over the rails on the deck of the bridge. -

For supporting the flooring, plate and angle girders

21in, in depth are fitted at intervals of from 14ft. to 16ft.,

laced at each point of intersection of the main triangu

ation, and midway between these points, the latter being

supported partly by the main diagonals, and in part by

subsidiary raking struts, which serve also to combat any

bending tendency in the main diagonals brought about

by the weight of the cross girders and their load. The

flooring is of #in, plates, and the rail-bearers are of

latter were supported, and adjusted to true level as they

were added to the structure. These bolts, fitted near

the top and bottom of the girder, were 8in. in diameter,

and they were fitted with 4in. armour plate washers at

the ends, which distributed the load upon each web of

the booms. Outside the washers were nuts, machined

on the outer edge as worm wheels, which engaged in

worms actuated by capstan bars. It was thus possible,

so as to give a pull and thrust action respectively, to raise

actuating the screws on the two side bolts, to alter the

alignment. By this means, in fact, it was found possible

trough section. A lattice fence separates the footway to move the ends of the booms that were ultimately to
from the railway line. be connected in any direction. When the last or central

The booms and bracings of the middle girder span are member of the middle span came to be inserted, the

generally similar to these features in the cantilever spans, I exact length required to suit the closing in panel was

by operating the top and bottom bolts simultaneously,

or lower the ends of the booms of the middle span, or, by

ning rails, till, at that point, it is slightly above the

normal level of rails.

pleted, work then proceeded on the main legs and back for the outside of the wheel tires, which effectively

struts. Staging was employed in the construction of the bridges the gap, and obviates contact with the facing

It thus affords a bearing surface

points.

In the testing of the bridge, which, as before stated,

took place in the second week of August, nine Caledonian

engines and four 30-ton wagons, all loaded, were

employed, the entire load being about 1000 tons. They

were first passed over the bridge very slowly and

stopping frequently. Afterwards this heavy train

traversed the bridge several times, each time at increased

speed, and Colonel Yorke, on behalf of the Board of

Trade, was enabled to certify as to its stable character

and suitability for traffic. The ceremonial opening of

the new line took place, as has been stated, on August

21st, and since that date five trains per day each way

have passed over the bridge.

Sir John Wolfe Barry and Messrs. Formans and

McCall were engineers for the railway, and in the design

and construction of the Connel Ferry and the Creran

bridges there were associated Sir John's partners

Mr. H. H. Brunel and Mr. E. Cruttwell. The resident

engineer was Mr. A. J. Pringle. The contractor for the

railway was Mr. John Best, Edinburgh, and for the

bridges, as has already been said, Arrol's Bridge and

Roof Company, Limited, Germiston Ironworks, Glasgow,

JAMES M. GALE.

-

WE have to record with regret the death of Mr. James

M. Gale, formerly water engineer for the city of Glasgow,

which took place on the 7th inst. Mr. Gale, who was in his

73rd year, had been in failing health for some years,

and about the end of last year he placed his resignation in

the hands of the Corporation of Glasgow, having for some

time previously relinquished his duties. Gradually becoming

weaker since that time, his death now has not been unlooked

for by his friends. Born at Ayr in 1830, Mr. Gale received

his education at the local academy, and when fourteen years

of age went to Glasgow, and entered the office of his brother,

Mr. William Gale, who was engineer to the Gorbals Water

Company—Gorbals being a formerly detached district in the

southern part of Glasgow. To extend his knowledge of

engineering he attended Glasgow University, and studied

under Professor Macquorn Rankine and Professor Laing:

While in the office of his brother he was employed in the

design and in supervising the construction of the Gorbals

Waterworks, which were opened in 1847. In 1854 he was

assumed a partner by his brother, and entrusted with the

construction of the Balgray reservoir, the largest of the

reservoirs connected with Gorbals works. At the same time

|Mr. Gale drafted plans for the proposed enlargement of these
works, which were considered an alternative scheme to the

Loch Katrine project, then receiving attention. When the

Corporation obtained the Act in 1855 for the introduction of
the new supply from Loch Katrine, Mr. Galeacted as resident

engineer on the city section of the scheme under Mr. B:

man, by whom it was designed and carried out. In 18*,

when the works were completed, Mr. Gale was appointed
chief engineer of the Glasgow Corporation Waterworks, and

from that time onwards until the close of last year-"

period of forty-three years he had entire charge of

the works. Among the numerous works which he p':
sonally designed and saw carried out in connection with

the water supply of Glasgow, reference need only be made to

the entire duplication of the original Loch Katrine sche',
at a cost of nearly £1,500,000. The necessity to: this

immense extension was realised so long agoas 1882, and'

years later an Act was obtained giving power to raise the#
of the loch, and to construct an additional reservoir. :
the whole of the plans Mr. Gale was responsible, and the

work was carried out under his direct persona h

His services were also requisitioned by various local '.
rities in the West of Scotland, in connection with '' :

supply undertakings, and the burghs of Dumba": #.
Glasgow, Hamilton, and Kilmarnock benefited from his# 3.

assistance. In the engineering profession. Mr. Gale he f

|high place. He was a life member of the Institution.0

Engineers and Shipbuilders in Scotland, and for£
occupied the position of president. He contribu'. £
time to time, many useful papers, which are embodied '. ut

printed transactions of the Institution. He was ''£
his career held in the greatest esteem by the success' Ce

Councils under whom he served—not alone for£
as an engineer and for his unremitting zeal in the£

| Glasgow, but for his high personal character. A."# W.

| Gale, Mr. William M. Gale, is now chief assistant to £.
| Sutherland, formerly an assistant under Mr. Gale,£

who was appointed Glasgow waterworks engine" "

| months ago.
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EUROPEAN INLAND WATERWAYS.

* Foreign-office has recently issued a pamphlet
containing reports from the British representatives

abroad on the navigable inland waterways of France,
Belgium, the Netherlands, Germany, and Austria

Hungary. These reports were obtained at the request of

the Association of Chambers of Commerce of this country,

who have for some time past been considering as to what

extent our waterways could be improved and developed,

with the view of providing a cheap means of transport.

The points on which information was asked were: (1)

The amount of capital expended during the past twenty

five years. (2) The tolls chargeable on traffic and the

manner in which interest on capital is provided. (3) As

to the results which have followed improvements with

regard to railways, seaports, and the trade and commerce

of the country.

France.-The report from France shows that during

the seven years, 1871-78, following the Franco-German

War, a sum of £9,640,000 was expended by the Govern.

ment on the improvement of the waterways and mari.

time ports. The chief works carried out during this

period in connection with the waterways were, the

construction of the Canal de l'Est; the canalisation of

the river Saône; the increase of the depth of the Seine;

and the canals of the Departments of the Nord and Pas

de Calais. At the expiration of this period a new and

comprehensive scheme was settled, the aim of which was

to obtain a uniform section for the first-class waterways,

so as to make them available for barges carrying 300 tons,

and for this purpose providing a minimum depth of

6ft. 7in., locks 127ft. long and 17ft. wide, with 12ft.

headway under bridges.

In the execution of this programme £18,000,000 were

spent in the years 1879-1900, the total length of first

class waterways being extended from 996 miles to 2930

miles. The principal natural waterways—the Rhone,

the Saône, the Marne, and the Seine—were greatly im

proved; a canal, 15 miles long, was made between

Havre and Tancarville, to enable river craft to reach the

docks without entering the Seine estuary; a new canal,

29 miles in length, was constructed from the Oise to the

Aisne, in order to permit of boats circulating between

the coalfields of the Department of the Nord and the

industrial regions of the East.

The total length of French inland waterways comprises

7330 miles of river and 3045 of canals. The Canal de

l'Est, which lies partly along a riverhead, cost £14,924

per mile; the Oise, £48,276; the Tancarville Canal,

£64,516 per mile; the 145 miles of canal now under con.

struction are estimated to cost £33,103 per mile.

The amount spent on the Rhone between Lyons and

the sea since 1860 runs out at £15,360 per mile, the result

being only a very mediocre waterway. On the Seine,

from Paris to Rouen, the cost of obtaining the uniform

depth of 10}ft. has been at the rate of £17,631 per mile.

Practically the whole of the waterways in France are

the property of the State, and are maintained out of the

public funds, free of all tolls, which have been entirely
abolished since 1880.

Water transport has increased from 20 million tons in

1878 to 32 millions in 1898, and the average kilometric

tonnage from 2000 millions in 1880 to 4673 millions in

1900. On the Seine, which has the greatest intensity of

traffic, the kilometric tonnage rose from 323 millions in

1880 to 903} millions in 1899. During the same period

the kilometric tonnage on the railways rose from

11 millions in 1883 to 163 millions in 1900.

Although the waterways have thus rapidly come to

the front as a means of transport during the last twenty

years, it is shown by figures in the report that the net

cost of transport is appreciably higher by water than by

rail. The net cost of water transport, as represented by

the freight paid to the barge owner on the best canals,

averagesabout 1 centime perton per kilometre. On the rail

way the net running expenses of a goods train work out

at 60 to 80 of a centime per kilometre per ton by railway

as against 1 centime the cost of transport by water.

The improvements made in the waterways have been

attended by a great development of water traffic, while

at the same time the railway traffic has also increased.

The cost of transport has been lowered both by water

and rail as the result of the improvements, and lower.

ing the rates on railways have contributed in developing

the trade of the country. This gain, however, has been

secured to the freighter by the protective policy of the

State in financing the canals. Mr. O’Beirne, the reporter,

raises the question whether it would not have been less

expensive and more advantageous to have built entirely

new lines of competing railways than to have spent the

money in improving waterways. The cost of construc

tion of such railways, with rolling stock and equipment,

in France may be put at £27,520 per mile, which is

below the cost given for improving or constructing the

main waterways.

Belgium.—The total length of the navigable waterways

in this country is 1372 miles, of which 1118 miles are

administered by the State. The capital expended by the

State during the twenty-five years 1875-1900 on the

improvement and upkeep of the navigable waterways,

harbours, and coasts, has been £16,000,000. As a general

rule the tidal rivers are exempt from tolls; on the other

waterways the toll is fixed at 016f, for the canalised

rivers, and '005f. for the canals per ton kilometre. The

revenue from the tolls is not sufficient to reimburse the

State for the expenses incurred in keeping the waterways

in navigable order without any allowance being made for

interest on the capital expended. The traffic on the

waterways has increased from 225 millions ton-miles in

1880 to 560 millions in 1890, equal to 150 per cent.

During the same period the tonnage of freight has

increased on the railways from 14 to 40 million tons.

Germany.—The rapid extension of waterways in this

country during the last few years is considered to be due

to the great increase in technical knowledge in connection

with river and canal works, to the improved form of

T H E E N G IN E E R

vessels, and to better appliances for haulage. It was

realised that the old style of canal, with small craft and

slow tonnage, was not able to compete with the railways,

and that the waterways, in order to become of practical

use, must be able to accommodate vessels of from 450 to

600 tons towed by steam tugs. •

The length of waterways within the German Empire is

8798 miles, of which 5776 miles are rivers, 1451 canalised

rivers, 1510 canals, and 61 ship canals.

The number of steamers in use increased from 830,

representing 33,155 tons, in 1882, to 1953, representing

104,360 tons, in 1897. The number of other craft rose

from 17,885, representing 1,625,111 tons, to 20,611 vessels

with 3,266,087 tons.

The rivers Vistula, Oder, Elbe, Weser, Spree, Havel,

Moselle, Rhine, Main, Warthe, Pregel, have been re

gulated and improved since 1879 at a cost of nearly

£14,000,000, the object being to keep the water of these

rivers, even at the lowest period, in a broad, deep stream,

sufficient to allow of navigation at all times of the year,

and, where a navigable depth could not be secured by this

means, by canalising the rivers.

The size of river craft has very greatly increased, the

largest barges, having a tonnage of 2340 tons, on a

draught of 9ft. The largest freight steamers have a

tonnage of 975 tons, with a draught of 7ft. 10in.

The Netherlands.–From the physiological conditions of

this country canals, as a means of transport, had become

so firmly established that railways only obtained a footing

very slowly, and in order to prevent the country falling

into a state of isolation, and consequent decay, it was

recognised that the State only would be relied on to pro

vide a remedy. State railways were therefore constructed

at the cost of the nation, and then handed over to private

companies to work them, who provided the rolling stock.

The profits were divided between the State and the con

tractors, but the amount received by the former has

never sufficed to cover more than 1 per cent. per annum

on the capital. The contractors are thus enabled to

establish tariffs which railways constructed by private

enterprise could only charge at a loss. As far as local

inland goods traffic is concerned, it is only by the most

strenuous exertions, and by the combination and grouping

of funds for special districts, and by a reduction of rates

to the lowest possible limits, that the railways can com

pete with water carriage. On the whole the waterways

have profited to a much greater extent proportionately

by the general increase in goods traffic than the railways

Much of this is owing to the great improvement in the

manner in which the water traffic is now carried on.

The number of small goods steamers and tugs employed

on the waterways has immensely increased, and the

saving in the time employed in transport has been corre.

spondingly great.

At present the means of transport by water is under

going a revolution,owing to the introduction of the cheap,

small,and practical petroleum motors, which can be fitted

to almost every description of craft, and which are at

present so much in demand for this purpose that it is

impossible to secure delivery of new motors for several

months to come.

The amount expended by the State on the improve.

ment and maintenance of the waterways during the

period 1862 1901 is £15,808,138; of this £11,249,044 has

been for the improvement of the Maas from Rotterdam

to the sea ; the construction of the North Sea and

Amsterdam Canals, and the Merwede Canal. The total

length of these waterways is 1244 miles, and the cost was

at the rate of £87,202 per mile; the other canals and

waterways extend over 172 miles, and their average cost

is £26,506 per mile.

Austria and Hungary.—The internal navigable water.

ways of Austria extend to a length of 4000 miles, of

which 2356 miles are only available for rafts, and the

remaining 1644 miles for ordinary navigation, of which

806 miles are navigable by steamers not exceeding a

draught of 6}ft.

The regulations of the rivers in this country have had

a two-fold object, for increasing the depth for navigation

and improving the passage of flood water for the pre

vention of inundations. . This is accomplished by a

system of low-water regulation by making a deep low.

water channel in the bed of the rivers, and when this is

not satisfactory, by canalising the streams.

The internal navigable waterways of Hungary extend

to a length of 3082 miles, of which only 1904 miles are
available for steamers.

The capital expended on the regulation and improve.

ment of the waterways is a fonds perdu, and no tolls are

levied on navigation. Tolls are, however, levied at the

Iron Gates of the Danube, with the object of providing

for the interest and amortisation of the outlay, but so

far the amount received has only reached £21,000, while

the annual cost of maintenance is £8333, and the annuity

paid for the amortisation of the loan amounts to

£62,500.

A law was passed in Austria in 1901 providing
4:10 000,000 for the commencement of a network of

navigable canals and river regulations; this is expected

to cover the cost of works up to 1912, when a new credit

will be required. The question of inland navigation is

now entering upon a new and important phase by a

proposed scheme of navigable canals to extend over the

Dual Monarchy, and to bring Fiume, the only seaport in

Hungary, into direct communication with the river

system of the country, by the aid of a canal between the

Danube and the Save.

The river traffic of Austria is steadily on the increase,

a striking example of this being shown by the results on

the Danube, where an average tonnage rose from 315,980

tons in 1890 to over 1,508,165 tons in 1900. In Hungary

the traffic has increased from 23 millions of tons in 1888

to 33 millions in 1901.

The national system of railways has proceeded side by

side with the increased facilities for navigation, but it is

not possible to say what effect these facilities have

exercised upon the railways.

SEPT. 18, 1903
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NAVAL BARRACKS AND SCHOOLSAT

PORTSMOUTH AND OSBORNE.

ON Saturdav last a large party of visitors was conducted

over the new naval barracks, at Portsmouth, and the new

college at Osborne, by a number of gentlemen representing

the Admiralty. The visitors left Waterloo by a special train

and reached the private barracks station at Portsmouth a:

about 11 o'clock, where they were welcomed by Admiral

Sir John Fisher, Commander-in-Chief, and a number of

other officers.

The barracks were then inspected. The events which led

up to the erection of these extensive buildings—they will

ultimately accommodate some six hundred officers and men

are well known. Up till recent years the appropriateness and

economy of using old ships for this purpose had outweighed

other considerations; but when statistics were produced, that

proved very forcibly the insanitary conditions of these hulks,

the desirability of providing other accommodation for our

naval seamen was soon recognised. Moreover, the hulks

took up room in the harbours, which year after year, as the

ships of the Navygrew in size and number, could ill be spared;

and furthermore, since the relinquishment of mast and yard

training was decided upon, the fitness of the old ships was

less marked, whilst the desirability of providing ample room

for gymnasia to take their place was beyond question. Under

the circumstances, all predilections had to be sacrificed, and

the construction of suitable shore barracks was very wisely

decided upon. This course was made the easier by the fact

that there was already the land school at Greenwich, which

was doing eminently good work, and the further advantage of

increased room, so that nucleus crews for ships might be

maintained, was sufficient to give the balance entirely in

favour of the multiplication of suitable barracks in coast

towns.

Tne Portsmouth barracks are built practically on the site

of the old Anglesea barracks. The Edinburgh road divides

the buildings, on one side lying the quarters for the officers,

on the other those for the men. The latter are erected round

a large parade ground. They comprise three principal build.

ings, each some 360ft. long, and each having accommodation

for some 125 to 200 men. They are lighted by electricity,

and are fitted with all the requirements that discipline and

modern sanitary science demand. The gymnasium is hard

by, and here an interesting display was arranged for the

benefit of the visitors. The officers' quarters, standing where

the Portsea Station Hospital grounds were, were then visited

and admired. It is a very handsomely appointed building,

and in the fine mess room, 75ft. long by 35ft. wide, the Com

mander-in-Chief entertained his guests. After luncheon a

tour was made of the dockyard, and then the party

boarded the tug Volcano, which put off for Osborne.

Several interesting demonstrations were arranged to enliven

the passage. As the harbour was left the method of destroy

ing submarines by the explosion of a heavy charge on the

end of a spar, carried by a torpedo boat, was demonstrated.

Needless to say, the experiment did not go to the length of

having a submarine in proximity at the time. Then a gun,

boat came out from Whale Island, and showed what Chief

Petty Officer Bate could do with a 4.7 gun at a 6ft. target a

mile away, the visitors being greatly struck with the precision

of the aim. After that four submarines showed their paces,

two diving at Osborne, as the Volcano rounded the Spit Buoy,

and coming up on her port side some time later; a similar

attack being repeated when the tug returned in the evening:
The Governor of the New Naval College, Captain R. E.

Wemyss, and other officers and officials connected with the

college met the party at Trinity Pier, and accompanied them

in carriages to the training workshops at Kingston, and

thence to the new buildings near Osborne House. At present

whese consist of three bungalows, in which seventy-fivecadets,

of whom about sixty arrived on Tuesday last, can be accommo

dated. More bungalows will be added as the college develops,

until about three hundred cadets will be in training there.

The foundations are already laid for six of these, little
buildings, in each of which some thirty-six youths will live.

Health and recreation have been carefully thought of: each

bungalow has its own plunge bath, and the old fire res'
voir for Osborne House has been turned into aswimming',

and cricket and football grounds are already laid out, whilst

a golf link is in the mind's eye of the authorities. The mes:

room is a separate building, and the class rooms are arranged

in the quadrangle of the old Royal stables. Mr. Cyril

Ashford is the headmaster of this novel school, whilst, as our

readers are aware, an excellent appointment has been madei"

electing Professor Ewing, late of Cambridge, as the me"

Director of Naval Education.

After tea, in the Cadets' Mess Room, the party returned to

the Volcano, and so back to Portsmouth and home, convinced

that the new era of naval training was making a very happy

beginning.

CONNEL FERRY BRIDGE.

IN our last issue a very interesting series of photog':
illustrating the stages of construction of the Connel#

Bridge were reproduced. On page 281 to-day, we gi" :
more views on an enlarged scale, which exhibit details£

well seen in the smaller pictures and fill in gaps left here an

there in the series.

DoUBLE HACK SAw.—We are requested to say that Mes:

Beanland, Perkin and Co. are not the makers of the '':
saw illustrated in a recent issue. They are the ''

agents; the saw is manufactured by the patentee, Mr. Wh".

WATCH SPRING STEEL-According to a paper read':
Engineers' Society of Western Pennsylvania by Mr. J. id£

watch spring steel, as it is received from the hot mill, shou lled

thin as possible, but it does not seem practicable to £it: y

under .658, in lengths 35ft. to 40ft. It is very hard an''#
when received from the hot mill, and must be anneale cid to

rolling. After annealing, it is placed in a vat of£':
remove the scale or oxide. Then into a bosh or tub # the

water with lime or sal soda to remove any deposi'"'.
steel. It is now ready for the rolls for the first£ from
steel is passed through the rolls four times and redu h from

No. 17 gauge to .045, provided it does not vary too£ for

centre to edge. After the first rolling, the steel is #" educes

the second time, then returned to the rolls. This rolling : en

it to .025, when it is annealed again for the third time,' time

rolled again, This reduces it to 010, Annealed for the£ the

and finished 006, leaves the steel soft enough to fo

springs,
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SCOTTISH RAILWAY DEVELOPMENT.

(Continued.)

(By Our Special Representative.)

THE CALLANDER AND OBAN AND ITS EXTENSION

TO BALLACHULISH.

The two days which we spent on and around the Callander and

Oban Railway and its new extension, were, perhaps, the

most delightful of our tour. Glorious weather, magnificent

scenery, and the courtesy and kindness of friends, who

could not do too much (so they seemed to think)

to promote the objects we had in view, all combined to

make our trip over the new line from Ballachluish to Connel

Ferry, and thence over the older railway between Obin and

Callander, a perfectly enjoyable and successful experience. The

Ballachulish line not being yet opened, we made our journey

over it in " a contractor's saloon "—i.e., an open truck with an

engine behind it, thereby reproducing on a railway track

all the pleasures of motoriug without any need to worry
over speed restrictions, ,l police traps," or nervous horses or

pedestrians. Mr. John Fergusson, of Messrs. Forraans and

McCall, joint engineers tor the line with Sir J. Wolfe Barry,

and Mr. W. A. Best, of the contractor's firm, were our

cicerones for the greater part of the way ; but towards

the end we had the further advantage of the company

of Mr. John Anderson, secretary and traffic manager of

the Callander and Oban Company, a veteran railway official,

whose knowledge of the Scottish systems, their history, position,

and possibilities is, we suppose, surpassed by that of few, if

any, men who are still engaged in active railway service. To

the courtesy of these gentlemen, who spared themselves no

trouble on our behalf, we are indebted for the bulk of the

information contained in the following notes.

HISTORY OF THE LINE.

The original Callander and Oban Act was obtained in 1865

with a total capital of £800,000. The Scottish Central Rail

way Company subscribed £200,000, and certain local gentlemen

who were elected directors, undertook to raise by local

subscription £100,000. Under this Act the line was constructed

from Callander to Tyndrum in two sections, first, from

Callander to Glenoglehead, which was opened for traffic in

1870, and from there to Tyndrum, opened for traffic in 1873.

At this stage, for want of support, the company had to apply

fovan Abandonment Act, reducing their capital to £325,200.

In 1874 the company applied for a new Act for the line from

Tyndrum to Oban, with a pier at Obm, and under this Act the

next section was constructed to Dalmally, and opened for traffic

in 1877, the line from Dalmally to Oban being opened in June,

1880. The traffic hasgradually, though slowly, developed since.

As the whole district may be called inland, the line was con

structed in about 18 -mils sections to secure economy, with the

result that the capital expenditure upon railway and pier,

sixteen years after the line had been opened, stood at

£20,000 less than the original estimate. This, we believe, is

unique in railway enterprise. The first engineers were Messrs.

Blyth and Cunningham, and from Dalmally to Oban Mr. John

Strain of Glasgow. In 1896 and 1897 the company applied for

Acts of Parliament to construct a line from Connel Ferry to

Ballachulish, seeking additional capital to the amount of

£360,000, and under this Act the line to Ballachulish has boen

■mito iSis-

'•••»•••••«

 

Map of the Ballachulish Line and its Connections.
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constructed, and is expected to bo opened for traffic this month

(August).

DESCRIPTION OF THE LINE.

The Ballachulish extension forms a single line branch leaving

the present Oban Railway at Connel, about 5 miles east of

Oban, and following the seaboard as nearly as this is practicable

until it terminates at the Ballachulish Slate Quarries on Loch

Levcu, at the entrance to Glencoe. The total length of the

new line is 27£ miles.

Immediately after leaving the present line at Connel, the

railway crosses Loch Etive over the well-known Falls of Lora

into the district of Benderloch. The obligation to maintain a

navigable waterway, the depth of water and strength of the tide

suggested the type of bridge which has been adopted. The

bridge is formed of two steel cantilevers, supported on granite

piers, with an intermediate span, the whole providing a clear

span of 500 ft., with a total length of bridge platform of

735 ft., and thus taking place among the longest span

railway bridges of Europe. Indeed; it is said to have the longest

span in the world, with the exception of the Forth Bridge.

The clear bead-way above high water is 52 ft., and the back or

balance arms of the cantilevers are 105 ft. in length. The tops

of the cantilevers are 120 ft. above high water, and on each

side the bridge is approached by granite arching.

to the extent of 4 miles by obviating the necessity of travelling

into and out from Loch Leven in order to reach the present

pier. A commodious refreshment-room is being put up at

Kintallen, where it is proposed to stop all trains ten minutes in

order that passengers may have an opportunity of getting a

meal before starting on the journey to Glencoe.

The line now passes the granite quarries of Leitir Mhor and

shortly afterwards the site of the Appin murder, which figures

so prominently in R. L. Stevenson's 11 Kidnapped." The rail

way then passes for a short distance behind the policies of Balla

chulish House. On leaving these there is a small single-platform

station called Ballachulish Ferry, to suit passengers crossing

from and to the north side of Loch Leven. The station can

also be used as a ticket platform. Two miles further on tho

terminus of the line is reached, close to the entrace to Glencoe.

By taking train all the way to Ballachulish the return journey

through tho Pass of Glencoo will be made in one day from

Glasgow or Edinburgh. The slate quarries at Ballachulish are

the principal ones in Scotland, giving employment to 500 or 600

men.

With the exception of the bridges of Connel and Creagan,

there are no outstanding engineering features on the line. The

ordinary road and steam bridges, of which there are about 100,

were nearly all mado of concrete, both on account of the

 

Cantilever Bridge near Connel Ferry.

After crossing Loch Etive, the line proceeds over a part of

the Moss of Achnacree, on which some of the old lake

dwellings were found, and, crossing to tho shore of Loch Nell

Bay, passes in view of Loch Nell Castle, and immediately

thereafter reaches the station of Benderloch. This station is

situated under the shadow of the hill of Berigonium, so much

referred to in Hogg's "Queen Hynde," and on which can still

be distinctly traced the foundations of the old vitrified fort,

which, according to the local tradition, was at one time a Royal

residence. Until now the district of Benderloch has been very

much isolated, lying as it does between Loch Etive and Loch

Creran, having no steamboat pier, and only being reached by

ferry boats.

Half a-mile after leaving Benderloch Station the line runs

through about a mile of peat bog and swamp at Letterwalton,

where some trouble was experienced at one point owing to the

constant sinking of the railway bank in the peat. The line

then strikes the southern shore of Loch Creran, which it skirts

for a distance of 5 miles through the estate of Barcaldine, until

it reaches the narrows at Creagan. The railway is carried across

Loch Creran hero by a bridge consisting of two spans of 150 ft.

each, supported on a central pier, and with masonry arch spans

of 40 ft. at each end. Haif a mile north of the bridge is

Creagan Station, which will serve the district of Glen Creran.

Proceeding from Creagan Station, tbe line traverses the Strath

of Appin, and reaches the shores of Loch Linnhe at Port-na-

croifh, where the Appin Station is placed, quite close to the

ruins of Castle Stalker, which was a bunting seat of James tbe

Fourth, and about 2 miles from the present steamboat pier.

From Appin the line strikes northwards close to the policies of

Appin House, skirting the shores of Loch Linnhe, affording a

tragnificent view of the mountains of Morven and Kingair

Locb, and continuing for a distance of 6 miles to Kiel Bay,

where a station has been placed to serve the district of Duror.

The line now leaves the sea for 3 or 4 miles, passing up Glen

Duror and debouching on the shore again at Kintallen, where

there is another station. A pier is being built at this place by

the proprietors of the estate, which, when completed, will lesson

the ate amboat journey to Fort William, Banavie and Inverness

I.

abundance of suitable gravel and sand for the purpose, and

also the difficulty of obtaining skilled labour for mason work.

The signalling has been put up by the railway company them

selves, and is of the latest and most improved description.

The engineers for the line were Sir John Wolfe Barry, of

Westminster, and Messrs. Formans and McCall, of Glasgow.

The station buildings were put up by Messrs. Allan and Baxter,

Glasgow, and tho contractor for the remainder of the lino was

Mr. John Best, of Edinburgh. Messrs. Arrol's Bridge and

Roof Company, Limited, were the contractors for both bridges,

and both works were started under the immediate superintend

ence of the late Mr. Thomas Arrol, whose health failing, the

services of Mr. H. Cecil Booth, of London, were obtained, and

under his superintendence both bridges have been satisfactorily

finished.

The district through which the railway passes is full of

interest, and much might be written about its traditions and

clan feuds. Hitherto it may be said to have baen " sea-

locked," as it could hardly be visited without crossing one of

the most uninviting ferries, with tides running upwards of

6 miles an hour. The lino skirts part of Loch Etive, Loch

Creran, Loch Linnc, and Loch Leven, all salt water lochs, or

arms of the sea. Thu hills aro high and the glens are deep,

and there is recreation in the district for every reflective mind,

no matter what his hobby may be.

The development of the Callander and Oban Railway may

be said to have been fairly satisfactory, notwithstanding its

difficulties iu early days and its preference capital. It has paid

its ordinary shareholders an average rate of 2} per cent, during

the last ten years, and tbe Ballachulish extension is expected to

be a substantial feeder to tbe parent line, and also to the Cale

donian Railway Company, who work the Callander and Oban

Kailway.

By the courtesy of Mr. J. F. M'Intosh, locomotive superin

tendent of the Caledonian Railway Company, we are enabled to

supplement the above article with a photograph of the new

type of six-coupled bogie passenger engines designed by him for

working the heavy grades of tbe Callander and Oban .Railway.

Since their introduction last summer, these locomotives have
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been remarkably successful in hauling heavy trains of sixteen

or even more coaches up the grades of 1 and 50 and thereabouts,

which are frequent on the Oban line. The following are the

leading dimensions of the engines :—

Cylinders—Diameter, 1 ft. 7 in. ; stroke, 2 ft. 2 in. ; distance between

centres, a ft. 4} in.

Wheels—Bogie, diameter, 3 ft. 6 in. ; coupled diameter, 5 ft.

Boiler—Length of barrel, 14 ft. ; mean diameter of barrel, 4 ft. 8 j in. ;

height of centre from rail, 8 ft.

Firebox—Length, 6 ft. 5 in. ; depth at front, 5ft ; depth at back, 4ft.

3 in. ; width between frames (outside), 4 ft. £tin. 1

Tube3 (Red Metal)—Number, 275 ; external diameter, 1} in.

Heating surfaces—Tubes, 1,800 sq. ft. ; firebox, 105 sq. ft. ; total

1,905 sq. ft.

Grate area—20.63 sq. ft.

Working pressure—175 lb. per~sq. in.

Tractive force—20,530 lb.

Weight in working order—57 tons 8 cwt.

Tendek.

Capacity of tank—3,000 gallons.

Fuel space—4$ tons.

Weight in working order—37 tons 6 cwt.

Total weight of engine and tender in working order—94 tons 14 cwt.

 

Six-Coupled Passenger Engine for Working Callander and Oban Railway.

CANALS uersus RAILWAYS.

The Association of Chambers of Commerce hoped to obtain

from British Consuls abroad, a series of reports, which they

could use to promote the construction of canals in this country.

These reports obtained through the Foreign Office, have just

been published, and ao far from encouraging the hopes

of the Association, show that, unless the Government

is prepared to undertake an enormous outlay, and

bear a heavy yearly charge for the loss on working,

there is no chance of canals being built in this country

on a large scale. The experience of the Manchester Ship Canal

has demonstrated bow absolutely unprofitable for shareholders

is this class of investment. It needed no reports from our

consuls to prove that if a Government likes to build a canal

and charge sazh low rates that the revenue will not pay a fair

return on the capital, the traders, who use it, may benefit

very substantially at the expense of the general taxpayer—but

we question whether any Government in this country will

undertake this form of encouraging home industries, which is

practically only Protection disguised.

In his report on the French waterways, Mr. O'Beirne

writes :—

'• Although the waterways have thus rapidly come in the past twenty

years to absorb an important share of the internal traffic of the country,

we must not at once infer that they afford in reality a more economical

means of transport than the railways. The fact that the waterways,

which are maintained free of tolls by the State, can offer lower rates

than the railways, which are not in the same position, is, of course, by

no means conclusive on the point. On the contrary, Mr. C. Colson, a

former Director of the Railway Department of the Ministry of Public

Works, and probably one of the best authorities on this subject,

estimates that in most cases in France the net cost of transport (the

cost, that is, exclusive of any profit for the railway company,

or the proprietor or lessee of the canal), is appreciably

higher by water than by rail. . . . But the further question

arises whether the same increase in facilities and cheapness

of transport could not have been obtained in a more economical

manner than by the works of construction and improvement which have

been carried out on the waterways. Might not the result which the

State has attained by building and maintaining canals to compete with

the railways have been secured at less expense by other means ? . . .

We see, then, that where the State has created canals to compete with

the railroads, it would actually have been cheaper, and also more advan

tageous, to build entirely new competing railway lines. Even in the

case of a natural waterway specially adapted for navigation, such as the

Seine, the money which, as we found, has been expended to obtain

first-class navigable conditions represents the cost of establishing a

new railway line on a cheap scale and under favourable

circumstances. On the other hand, the expense of enlarging

ihe capacity of an existing railway line is small as compared with

that of building a new line even under the cheapest conditions; and

therefore, if the State, instead of using its funds to create, improve, and

maintain waterways to compete with the railroads, had applied them to

increasing the capacity of existing railways, and had used its controlling

powers to bring railway rates to the level which they have actually

reached under competition, it would seem that the same results wonld

have been obtained at a large saving of public money."

Consul Robinson, in his report on the railways and water

ways of Holland, says :—

" Any camparison between the conditions of rail and water traffic in

Great Britain and those which exist in Holland must be illusory,

owing to the great difference in the circumstances affecting these

modes of transport in both countries."

Reports are also published on the waterways of Austria,

Hungary, and Prussia, but the conditions in those countries are

also entirely different from those which prevail in the United

Kingdom.

THE GLOUCESTER RAILWAY CARRIAGE AND

WAGON COMPANY.

The report for the past year states that the disposal jjalance,

after making the usual provision for depreciation (£7.6 X)) and

deducting the interim dividend paid March 2 last (,£9,197),

amounts to ,£38,788. The directors propose to add ,£10,030 to

the reserve, which will then amount to ,£111,435 i to recommend

a dividend for the past half-year at the rate of 10 per cent, per

annum (.£18,394), making7)4 per cent, for the year, and to carry

a balance of£10,394 forward. The company now repairs and

maintains 22,941 wagons, including those belonging to the com

pany. The directors who retire by rotation this year are Mr-

J. Hudson Smith and Mr. Charles Wallis, who, being eligible,

offer themselves for re - election. With reference to

the notice calling an extraordinary general meeting of the

company, to be held after the ordinary meeting on the

31st inst., the directors state that they have had

the matter under consideration for some time and they feel that

the changes they propose in the memorandum of association

are essential in the interests of the company. Recent legisla

tive changes and modern experience have rendered it necessary

that the articles of association should be amended and a revised

set of articles will, therefore, also be proposed for adoption. A

print of the proposed memorandum and articles can be seen at

the office of the company, and at Lloyd's Bank, Limited,

Gloucester, and Colmore Row, Birmingham.

WAGES OF POSTAL SERVANTS.

The Postmaster-General has appointed the following gontlcmeu

to inquire into the adequacy or otherwise of the wages paid to

certain classes of postal servants : Sir Edward Bradford, Bart.,

G.C.B., K.C.S.L, chairman ; Charles Booth, Esq., F.R.S.,

Samuel Fay, Esq., Thomas Bro irick, Esq., R. Burbidge, Esq.

Sir Edward Bradford was until lately Chief Commissioner of

the Metropolitan Police ; Mr. Charles Booth is well known for

his exhaustive studies of the conditions of life and labour in

London : Mr. Samuel Fay is general manager of the Great

Central Railway ; Mr. Thomas Brodrick is secretary of tha Co

operative Wholesale Society, Manchester ; and Mr. It. Burbidge

is managing director of Harrod's Stores.
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House where the Bible we's Transleted into English Badminton House, the Seat of the Duke of Beaufort

SCENES ON THE SOUTH WALES DIRECT RAILWAY, WHICH LESSENS THE JOURNEY FROM LONDON TO SOUTH WALES

A VIADUCT ACROSS LOCH ETIVE

he railway viaduct across Loch Etive on the new

extension of the Callander and Oban Railway

between Connel Ferry and Ballachulish was to be opened

this week. -

The bridge, which has been designed by Sir John

Wolfe Barry's firm, crosses the narrowest part of Loch

Etive at the Falls of Lora, which at spring tides have

a drop of about 4 ft. in a length of about too ya.

The current both on the flood and on the

black opening in the face of the right-hand abutment

about 1o ft. above water-level.

The middle span is clearly shown in the small

photograph by the straight parallel girders between the

ends of the cantilevers. Network for the protection of

the workmen has been placed beneath the bridge as

indicated in the smaller picture, and this has been the

means of saving many lives. The temporary gantries

and cranes used in placing the girders are also

shown. The whole bridge has been built out from the

shore, length by length, with no more scaffolding than

appears in the photograph. The weight of the steel

THE SOUTH WALES DIRECT RAILWAY

he South Wales Direct Railway, extending from

Wootton Bassett on the Great Western main

line to Filton and Patchway, a short distance from

the eastern end of the Severn Tunnel, has been

constructed to shorten the distance between the

metropolis and South Wales and to provide addi.

tional facilities for Bristol and the docks at Avonmouth.

The length of the new line is 331 miles. The distance

saved between London and Newport is

lo! miles compared with the route vid Bathebb is consequently very rapid, and although

difficult to gauge the exact speed owing to

the number of eddies and whirlpools the

average velocity cannot be less than 10 knots

at spring tides. Such a current has, of course,

added greatly to the difficulties of construction

and has necessitated the placing of the piers

on each side of the channel, where the current

is somewhat slacker than in the middle. The

two piers are 524 ft. apart from centre to centre,

with a clear span of 500 ft. between them

and a headway of 50 ft. between high water

and the under side of the bridge. From high

water to the highest point of the bridge is

12; ſt. The bridge is on the cantilever system

with an independent middle span of 232 ft.

resting upon the ends of the cantilevers.

The bridge consists essentially of two

main lºgs or supports resting upon each pier

and Bristol, and 25% miles compared with

that will Gloucester.

The contractors divided the undertaking

into five sections, and their plant consisted

of seventy-five miles of temporary road, fifty

locomotives, seventeen steam navvies, eleven

steam cranes, 1,800 earth waggons, and three

large, specially-constructed brickyards. Up

wards of 4,000 men were employed on the

works, and it is estimated that 50,000,000

bricks and 20,000 tons of cement and lime

were used.

The new line passes through historic

country. Badminton with its hunting stands

out prominently about a mile from Chipping

Sodbury, the most important station. At

Sodbury Hall—now known as Manor

House--Tyndale, while tutor to the children

spreading outward towards the bottom so as

to give the necessary stability to the structure,

and leaning towards the middle of the water

way at the top so as to shorten the overhanging

ends of the cantilever trusses which are suspended from

the tops of the main legs. The tops are held back by

tie-beams which form the upper members of the canti

lever trusses, and the shore ends of the trusses are :

anchored down to the masonry of the abutments by

massive steel ties and anchor girders. Access to the

anchor girders for painting purposes is obtained through

a subway clearly indicated in the photograph by the

THE NEARLY-FINISHED BRIDGE ACROSS LOCH ET IV[.

work in the bridge amounts altogether to a little over

2,500 tons. The contractors are Arrol's Bridge and

Roof Company of Glasgow, and they are to be con

gratulated on the accurate manner in which the work

has come together. Loch Etive is an ancient sub

merged glen. The scenery round it is exceptionally

beautiful, and readers of Scott and Stevenson know the

romantic associations of the place which has now been

brought so easily within the tourist's reach.

of Sir John Walsh, translated the Bible into

the English language at the beginning of the

sixteenth century. The building is now used

as a farmhouse and the old chapel still remains. Near

by is an old Roman encampment. The village of

Brinkworth is near the boundary of three hunting packs.

The district served by Little Somerford is extensively

timbered, and the river Avon—well stocked with trout

—affords capital sport. The line opens up valuable

agricultural districts in Wiltshire and Gloucestershire,

comprising some twenty parishes which have hitherto

been unprovided with railway communication.
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THE NEW RAILWAY BRIDGE ACROSS LOCH ETIVE IN COURSE OF CONSTRUCTION
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