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RAILWAY CONSTRUCTION IN SWITZERLAND.
By 8. BERG.
THE EBNAT.NESSLAU BRANCH OF THE RODEXNSEL.
TOGUENBURG RAILWAY.
No. L .

Tre Ebnat-Nesslaun Railway is a branch line of the
Bodensee-Toggenburg  Railway, well known on
socowtt 0f its iinportant engineering works, tunnels,
and high viaducts, If the main line waa construeted
with great difficulty, and at considerabla expense,
ss it had to cross a country of extremely broken
character, the Ebnat-Nesslau branch also had its
difficulties, though they were of a lesa expansive!

"which ean be used having regard to the resistance

caused by curves, wy wel as the poasibly diminished
adhesion experienced in tunnels,

For instance : Take a line or seetion of & line calling
for a maximum gradient of ahout 2-5 per cent.
and curvea of 250 m. radina, Then, if the gradient
be made 2-6 per cent. in the straight portions, thiz
figure must be reduced in places where there are
curves in accordance with the formula 650 — R - 56.
If R, for instance, — 250 m., the reduction is B5-0
-+ 195 = -33 per cemt.. the gradient on this eurve
thus being made only 2-6 — 33 = 2-27 per cent,
If the curve be in a tunnel lenger than 300 m.—
tunnels shorter than 300 m. are not considered—

resistance to traction in the long spiral tunnels ix
far heavier than in the open part of the line, as
. they have only a reduetion of -2 per cent.. wherea=
the reduction shouid really have been 2-6 (1 - 0-75)
-85 per cent. The practical effect of this wax
immediately seen when the firet heavy service
train was taken over the still unfinished line. It
got on all right until it arrived in Pfaffensprung
=piral tunnel—about 1800 m. leng, with eurvature
of 280 m, redius—where it stuck, and had to back
down to Gurtnellen Station to detach some of the cars.

On the Bodensee—Toggenburg Railway the longi.
tudinal section iz a0 well [aid out in accordance witl
. the Roecki principle that the engine drivers running

character. A plan of the line is given in Fig. 1 and } 8 further reduction of gradient takes placo, the tle traina up gradient scarcely need to touch the

w profile in Fig. 2. |
The Ebnat Nesslau line, & prolongstion of the line

2-27 per cent. being multiptied by, say, 0:75, thus
reducing it to, say, 1-7 per eent, The reason for
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¥ig. 1-THE EBNAT-NEESLAU RATLWAY

from Wil to Ebnat, had to follow the course of the
river Thur, where the valley i of & very broken
tharacter and the geological formation of an unreliable
nature, as is frequently the case in that part of Switzer-
lsnd, The ground rock consists et pome places of
mther hard puddingstone, marls, and sandstone
o lime-sandstone. The ruling geological atrata are
faveursble, a8 the line could generally bo located
rearly parallel to the direction of the atrike of the
strata.  The rocks are, however, partly covered with
clay—at places of & loamy character—and material
left by earlier landslips. The ground is also very
wet and {reacherous in many places, and shows a
tendeney to slips,

The rock-cuttings throngh the puddingstone yielded
useful ballast as well as rough building atone, while
the limesandstone yielded an excellent building
material, very easy to work, with a compressive
sizength of from 1100 to 1200 kilos. per square centi-
metre. Sand and shingle were somewhat scarce,
but were sometimes to be had.

The particulars of the gradients and enrvature
ol the line are as follows :——

Lengeh of lavel lina

15-4 p.c. of the total lergtd,
8014 .

length of line on a gradient e 0f the total lebgth

The ** viztnal * gradient = say, 1in 38}
The mazimue grudient ... = say.lin 40
Average rive of all gradients . = ray, 1in 51-§
Tt rise . = ey, 422ft.
Minimu, ordinary radins = sy, 820ft.
Minimom, exceptional radius = ray, B56FL

\ = say, DUBFL. Bin.

Arernge radiux of all curves
Nomber of curves U
Total length of atraights

Total Jength of curves
The ¥

of the wheole line
P p.¢. of the whole line
u of the normoal gange.

In 1909, when the writer took over the work,
# yood working scheme already existed. First,
s tontour.lined map with & seale of 1 ; 5000 had been
made of the country. After the project had been
worked out on this map the line was staked cut and
~hifted a little to one side or the other, as was con.
sidered desirable. On looking into the matter.
however, it was seen thet certain improvements could
be made. Firat, it was found possible to lessen the
wradient s little and to introduce the gradient rule
st out in the Roeckl formula, which is:—

66-0
R—55
where R is the radius of curvature. A few words
about this formula may be of general value.
The Roceld Formula.

On railways, and especially those with steep
mradienta and sharp curves it is, of course, of great
mportance, at least in some cases, so to arrange the
longitudinal section that the resistance to traction
nowhere exceeds & certain limit or thet no special
part haa a resistance exceeding this limit. In locat.
ug the railway and arranging its longitudinal seetion
acertain gradient, which may be called the ** yvirtual
gradient has to be chosen, The definition of the
*rm “virtunl " gradient is the steepest gradient

the special relduction of gradients in tunnels is that
the rails are frequently wet, and that there is thus
diminished adhesion. Ar 8 coefficient of reduction
for tunnels Mr. R. Weber, the chief engineer for the
loeating and construction of the well-known Bodensee-
Toggenburg Railway, recornmends 0-7 ; 08 is recom-
mended by others, and 0-75 i3 a mean of these. Too
many breaks of gradient have, of course, to he avoided.
The shortest distance between two breaks of gradient
ought not to be made less than 300 m,

The Roeckl formuls quoted above applies to the
normal gauge of 1-4356 m. (4ft. 8in.}, and if it be
desired to use it for a narrower gauge, such, for
instance, as the 1 m., the formula has to be multiplied
by 1 — 1-435, as the resistance of curvature diminishes
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: regulator, and the graphicsl] speed diagrams show a
. very uniform speed, It must, however, not he
forgotten that the tesk of locating and setting cut of
- railways in getting more complicated by reason of
' such demandn, and calls for a considerable amount
of thought, as in most eases ecanomy of conatruction
has to be duly conridered at the same time.
{n the case of the Ebnat—Nesslau branch, the
* virtual "' gradient of 2-8 per cent. was not directly
used, as the straight portions on the heavy gradient
section were not long enough to apply it. The
- heaviest gradient carried out was 2:'5 per cent.
The gradient and alignment of the line were thus
sltered to agree with the demands of * virtual "
gradient, as well ag other demands, smuch as reductinn
_in the number of level crosrings, cheaper construc.
tion, &e,
: Lay out of the Line.

In &ll kinds of hrokencountry the use of the contour-
lined map is the hest and surest way of getting in the
right ratlway location, faecilitating any control and
later alteration, as well as giving a good true map of
the ground along the railway.

These contour-lined maps have, of course, to be of

‘& suitable scale in order to be useful. The scale
+1: 5000 demands a very accurate map if the
ground he broken or of uneven character. For
* difficult details acales of from 1 : 200 to I : 1000 ought
t6 be chosen,
" The survey, staking out, and plans for the Ebnat—
Nesaslau line were eompleted in 1989, Following a
ipariori of somewhat dry years, the westher had
ichangad, and after the autumn of 1908 the rain
| became excessive, and continued to be so up to the
"extremely dry summer of 19i]l. As the excessive
|rain in 1909 had already begun to de very serious
| damege at various peints of the main Line, the writer
proposed to have numercus drainage worka carried
cut as & continuation of the trial holes——which had
heen taken in hand just after the staking out of the
' line—sa as to have the benefit of their draining
inflnence as long as possible before the formation
! works had to be commenced. Some of the trial holes
had previously been placed so as to serve for drainauc
purposes.

UGENERAL DESCRIPTION.
The Ebnat-Nesslau line is, as has been said, n
prolongation of the railway from Wil to Ebnat,
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in propaortion to the ratio of gauge., With 1 m. gauge
1

and 100 m. radius we should get _6s-0 1
100 — 55 1-43b6

aay, 1:0 per cent,, with which to reduce the
heaviest gradient used on the straight. or, if this be
215 per cent., there would on & curve of 100 m. radius
be applied 2-5 — 1-0 = 1-5 per cent. gradient, the
25 per cent, in this case being the *‘ virtual ” gradient.
Formerly this eonsideration of * virtual " gradient
—the (ierman expression is ~ massgebend steigung,”
literally © standard gradient - -was not sufficiently
thought of, -and, in consequence, corresponding
defects are found on the longitudinal section of
some of the most important railways. On the

well.known 8t. Gothard Railway, for instance, the

EBNAT-NESSLAU LINE

both these big villages being in the district of Toggen-
burg, in the Centon of St. Gallen. Nesslau is the
main village of the upper part of Toggenburg, and ix
beautifully situated in view of the Churfiraten and
other meountsins, The Sentis can also be seen from
some pointa. The upper Topgenburg Valley ix
imposing. nnt being ton closed in by mountaing, and
having fine undulating slopes, which are partiv
wooded, Along the walley passea the main road
which traverren the pass at Wildhaus and conneets
Toggenburg with the Rhine Valley at Buchs.

After leaving the station of Ebnat, the line has to
cross the main road in the valley twice—first, by
level erossing in the village of Ebnat at km. 0-1,
which level crossing was necessitaled because wny
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other course wonld have been too oxpensive ; and, |
secondly, at km. 1'2. where the road ix taken over |
the Hine on a bridge,

and 40 ik 8 nagrow pass, the valley only leaving km.
amall rootn for accommuodating both road and railway,
Affer the level crassing at | and the latter, after pawing wlong a steep slope, is The contract for the works was let in April, 1910, aud

Pig. 3—~TREMPE[, TUNNEL—UPPER FORTAL

km. 0-7 the maximum gradient had to be made use
of up to km. 3-3, where it ehnnges into & -5 per cent.
() i 06-6) gradient. Between kins. 1-4 swnd 2-1

Fig. 4+~ VIADTCT AT EM. 106

the line is taken across side vallevs on viaducts.
(e of these viaduets which comes at kin, 2,05 is
shown in Fig. 4.

Section of
Tunneled Culvert

-

155 —| |
250 —

taken under the road in o tunnel = Fig. 3,
Between ks, 2+ 4 and 3-0 snother difficult part had
to he passed, 8 gpecial deseription of which in given
later on as bheing of wncommon interest.

At km. 4-2 is the station of Krummenau. The
station buildings are not of the wsusl uniform type.
but are in keeping with the architecture of the old
buildings of Toggenburg, the wooden honses of whieh
have & very fine style of their own. After the station
at Krummensu the heaviest gradient used is 233
per cent. {1 in 42-9), At k. 5-0 the river Thur is
crossed on a stone bridge with a main aeeh of 63-3 n

Fig. 5 - DRAINAGE CHANNEL

wpan, and at kin. 6-7 it is crossed & second time,
also on & stone bridge with & main span of 248 m,
As both these bridges are of interest, they are also
specially described later, and the general prineiples
entering into their construction discussed m detail.
At km. 7-7 the station of Nesslau is renched, and,
being & terminus, it is provided with a turntable,
water crane, aud locomotive shed. 'The line

altogether three tunnels and nine railway bridges
and visdunets, besides seven road bridges or arched
culverts, and a grest nomber of sapller cubvests,

Tunngled Dlvert N\
700 % F5EN

Z2-8—is 12-14m. high. It wss necessary
te constract a pgreat number of retaining walls

the line was opened in Qctober, 1912,

FORMATION WORKS.

} Drainage.—When constructing embenkments on
swampy ground, espeeially if the latter be on the alops,
groat care has, of course. to be taken to prevem
the pround water being held up by reason of the
weight of the ewhankinent on the soil. Should

i this happen, then, as a rule, the water will collect
and in time make the ground so wet that it will yvield
and cause the embankment to slip with the usual
expensive consequences. Intercepting the  water

" on the upper side of the em:hankient and taking it to
the lower side in o safe inanner is thus the first thing
to look after.

Between kms, 1-7 and 1:8 o awampy place with
wet. clay and with a slope of 7 to 8 per cent. was met
and dealt with in this way, Between kma, 2-4 and
2-5 there was another dangercus place with very wet

" elay and loam with a slope of fromn 30 to 40 per cent.
Fortunately, the hank was at this point neither higl
nor Jong.  Drainage channets were cat into the slope
and filled witk rip-rap. The bottomm of the channels
wege, sy is usually done, given & paving of concrete,
o which a stmall rough dry stone sewer wasx buil,
the channel being then filled up with rip-rap with
& layer of hurdles on the top. A hill tp the left of the
line was only cut into a little, an shown in the accomn.
panyving sketeh, Fig. 5, but the hill, consisting of
wet ¢lay and leain, was in such unstable equilibriwn,
that this alight disturbsance caused it to commence
stipping,  To meet this difficulty a shallow ditch was
cut in the slope passing above the hill se a8 to eatch
the water and partly relieve the hill from surface
water, after which the slope kept quiet and no furthet
trouble wan experisnced.  Between kms. 2-5and 2-8
& slipping noveinent had to be dealt with in a specisl
way, about which more will be said later on.

The st dunpgerour place was between kms. 2-75

cand 2-9. Here the trial heles indicated wet ciay up
to a depth of 5} . to 8 m.  The slope of the ground
was from 10 to 18 per cent., and the height of the

cembankient Ilm. to 14 m. The dificulty at this
| place was of a kind which deserves a thorough general
investipation, as also does a similar charscteristic

Il eaxe it with during the congtruction of the main
line of the Bodensee-Toggenburg Railway, viz., the
embankment at Hohenhiihl, between 8t. Galten and

I Romanshorn.

At several places un the latter line great difficulty
was  experienced with the heavy embankments,
nx the ground would not stand the load put on it,
bhut alipped snd squeezed out, causing very heavy
extra expenses.  The mnoat interesting «f these eaws
was the

HOHENBUHL BANK.

Thir embankinent- - see Figs, 6 and T—is 360 m,
long. and hes & height of l4m. Az originally
designed, a8 concrete culvert was arranged to pass
under it nearly in the middle of ita length, The soil
was bive clay on the top of a laver of yvellow eclayv
ixed with stones, below which was a layer of sand
und shingle on top of the hard moraine.  No unususi
sigm indicated beforehand that trouble was to be
experienced.  The culvert was made, and the tippuin:
for forming the ernbankment commenced and eagried
past the cubvert, due care heing taken not to loead it
too hesvily on one side. Soon, however—in the
summer of 18909-- the culvert commenced to show
cracks, indieating undue settlement, and the cracks
widened in such a way that it was determined to
fill the culvert up with dry masonry, only leaving
space for a strong Mannesmann steel tube, so a8s to
secure an outlet for the water from the upper side of
the embankment,

The tipping for the embankment was continued.
but the latter slipped continueasiy, mainly on the

Longitudinal Sections
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Fig. (—3LIPS ON THE HOHENBUHL BANK
Between kms, 2046 and 3+ 70 difticult slopes had 10 There s ¢ nnmber of prock cuttings, the deepest | down side, though the slope of the groand was bur
L+ passed partly on vinduets.  Between ks, 3-7  Deing 200, deep. The highest  eabankment -at | slight. heing anly from 1 to 1) per cent.  By.and-by
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the culvert entirely dissppeared, and the passage
of water was stopped, esusing the formation of a
steadily incrensing small lake on the upside of the
smbankment, which circumstance, of COUTRE, AZETA-
vated the trouble.

trust only to the effect of drainage would searcely do,
us experience has shown that the effect of drainage
on wet clay or loam works in meny cases extremely
slowly, we that such & method meets with very awail

success. There are, of course, cases of successful

Pig. 17—-3SLIF ON THE HOHENBUHL BANE

It was then resolved to build & new culvert,arcang-
iigz it i the hillside at the base of the bank—-see
the plan Fig. 8—part of it having te be run in tunnel.
Meanwhile & centrifugal pump with a eapacity of
2000 litres—or. soy, 440 gallons—per minute driven
by & 10 berse-power benzenc motor, was instelled,

drainage of clay which have not been slow in taking
eficet, but they are {few, according to the experience
of the writer, and have emhodied specially favourable
conditions.

To what depth this excavation on the future site
of the bank should be carried out depends on the

The Embankment squeering WK ihe Ground

g R

f wer Clay

True Ensimnen™
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w0 a3 to keep the level of the Jake within certain limits. |
'The tipping was continued, but the slipping went on

for a long time subsequently, and the work was only

finally finished in August, 1910, just in time not to

interfere with the opening of the line, which took place .
un the 1st of October of that year. During & long

portion of the tipping operations the embankiment

would onlv stand at a height of 10m.  Additional

material laid on the top steadily sank to that Jevel,

thus showing that the ground beneath was incapahle

of sipporting & heavier weight than that represented

by that height. The embankment as designed

vriginally contained 78,000 cubic metres, _hut, this 1
quantity had to be increased by 80,000 cubic metres

to finjsh it. At last. as & matter of safety. the bank

was made 1-5 m. higher than it was actuslly required

to be, and the top metre and a-half were taken off

just before the permanent way was [aid, and there has

since heen no trouble whatsoever. The extra cost
uf making the embankment amounted. however, to

£10,500. In seeking for the cause of this expensive

experience, it has to be remembered that the two

vt three years hefore the sutumn of 1903 were of u

ruther dry character, but that in the sutumn of 1908

—a few montis after the works hiad heen started—

wor weather set in, and there wis o pronounced

excess of rainfall.

The layer of clay in the ground under the embank-
ment got too wet 1o carry the losd put on it, and had |
w vield, Thiough this Jayer of clay was of no great |
thickness, the foot of the slipping embankment at .
places carried a wave befure it which at times had »
height of 3m.  The case was interesting, as showing
tow difficult it is to foresee what may happen under |
any given circumstances, The question arises what
10 do to prevent such slippings, or at least to rc:dure
such heavy additional expenditure as that mentioned
abnve,

As the danger consists in the layer of ¢lay, loam, or ,
slippery woil, which at 8 certain degree of wetness
viehls, owing to the weight of the load placed npon it.
and rolls out in & weve-like manner, not only cansmy
the embankment to sink down in the hollow left,.
but also carrving with it the slope of the embankment ;
which rests on the top of this ground wavo, the hest!

temedy woukd seem, in the writer's opinion, Lo_be t!]e ;
digging out of this dangerous layer of soil. To:

The areas of 5'sd'
. S are egual éo onc
ariother

Progosed methed of
preventing slipping

Se

Saain

thickness of the layer and on its degree of wetness.
The writer thinks that as arule nogrest depth is needed

Tin. at the utmost shoudd be sufficient, whereas
ordinarily from 1-5m. to 2 m. will suftice.  But,
firat of wll, provision has 1o be made for drainasge

the pround snd aids it to resist sideways and upward
pressuren.  The writer's proposals are cmbodied in
the pecompanying sketeh, i 8,

THE MUMTORD PARAFFIN MOTOR.

As in the highest powered ships to-day the turbine
has ousted the ordinary reciprocating steam engine,
so at the opposite end of the seale for lsunches and
similar ecraft, the internal combustion engine is
irresistibly forcing its way inte the field hitherto
exciusively occupied by the =mall steam engine.
The resuits of this attack are to be seen on all sides,
Well-known firma which have made & reputation by

"building light high-speed steam sets- such as J.

ctunity of desceribing,

Samuel White and Co., Limited, of Cowes, Thorny-
croft and Co., of Southampton, Vosper, of Gos-
port, and BSimpson, Strickland, Limited, of Durt-
mouth. and others-—have beea forced to take up
the manufacture of motors, and now the name of
Mumford and Co., Linited, of Colchester, must he
added to the liat. As is the case with all these old-
established firmg, Munford and Co. have begun in s
quirt manner and kept their preliminary work to
themselves, and hitherto they have onty been supply-
ing engines to the Admiralty for use on pinneces,
dingheys, &e. Now, however, they are entering the
apen market and are offering very nice little setx of
paraffin engines, which we are afforded the oppor-
These engines aro made in
sizew varying from e single exlinder giving 7 horse-
power—Fig. I—up to these with six eylinders giving

. 13 horse-power at about 830 revolutiona per minute,

and we propose to confine our deseription to the four-
eylinder engines with eylinders 4}in. by 6in. giving
28 brake horse-power at that speed when using

parafin—Fig. 2.

Fhe general outline of the engine—as shown in the
cross section in Fig, 8, page 117—reminds us foreibly of
the Simpson-Strickland engine, which we commented

"upon 86 favoursbly in our issue of May Ird, 1912,

! There iz the rame section of crank case with good

doors on each side through one of which the piston
ean be removed. Curiously enough, too, there was
in the first engines—as shown hy the engravinps—
the same little weakness in design that we cornmented
upon in the older engine, in that, though one of the
doors was arranged to be taken off by the simple
turning of & handle, in the case of the other door a
number of mits had to be removed, though the two

. were reversed, and it waa the door which gave accesa

to the eranks and pistons which in the Mumiord
engine had the nuts on it. We only mention this

"point as indicating the liability of a designer to

intermingle 8 poor piece of derign with his other
excellent work, for the point has been corrected in
tater engines. Then, too, the Mumford engine has
the main bearings borne in the hottom half of the
crank chamber, #o that the upper part can be removed
for adjusting the bearings witheut interfering with

' the main alignment. As with the Simpson-Strickland

engine, the eylinders are cant singly and the exhawst
outlet is sloped downwards in order to provide a neat
pipe arrangement, which is otherwise so diffieult to
obtain with this form of construction. The water
jackets have alwe removable covers and inspection
doars, and here the resemblanes ceases as the evlinders

Pig. 1-SIKGLE CYLINDER 1 H.P. MUMPORD MOTOR

well below the depth of the proposed excavation. arc not drsaré,

We must plead puilty to having B

"T'he dangerous soil iv then excavated to o depth of. sav, i liking for the dreamxé exlinder, as in our experience

toe  of

'l am., and the exvevnted materind dumnped st the . it gives a smaother running t’ngim". an'd. according
the embankment, which operation losds to the papet recently read by Mre. Fo W, Lunchester
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more rapidly than the population, New factories
were built and existing works extended, and during
a dry sununer the watering of public and private
gardens, the numerous {ree.lined avenues, and other |
thoroughfares, was lavish. A day would cominence
with the Luythaegen rescrvoir [ull, and, notwith-
standing that the Waelhetn pamps worked at full |
pregsure, it would be nearly empty befora the demand |
slackened in the afternoon. To cope with this|
fluctuating demand it was decided in 1811 to con. |
struct & second reservoir on the other side of the
engine-house at Luythaegen. This reservoir is 85 m.
long, 3 m. wide, and 3 m. deep, the capacity, like |
that of the first one, heing 7500 cuhbic metres—see

Expanded Wetal Ka.15 Folted Bteeidoist
S MO T

together with threo clear water tanks holding 4500
cubic metres.  Butb s Antwerp is still growing capidly,
and the demand for water increasing, the company
decided, in order to keep well ahead of all require.
ments, to prepare for the additions to its works,
which might becorme necessary during the remaining
years of its concession.

The first stop taken in 1912 wis to providoe increased
carrying espacity of the muains between Waelhem and
Luythaegen, to effert which the older of the two 20in.
mains was replaced by one of 80 cm. (313in.) diameter.
After careful investigations, it was decided to adopt
the Bonna aystem of reinforced cement pipes. These
pipes—see illustration, Fig, 3—consist of a steel

Angie 3015023 tv be

Wheats 1-S0TNE 475 Compnr Rengering Jiand umdar R34
| l 190 1F cpaindedt Brtul ¥ 70 2
P Lo
Enowrged MeraP L5 Rt e s e
toiod vttt bz e |8 ! Angle Bravkel
Section L Rollaf Stawi Liini i
) ; Angle, Bosckats ; ) Lt 7 :
Eirerncled Belo! sbealing o i
[ #o.75 Fiuet 16 ir H
bl ars:
S Crmant Ranstrivg cre
e T —
—1x L hannef e

H . 40 msight 76 8 wrtea

by

e fron Work 4" diwsi, la be
wewnd rousd [ Joasts & to aschroos
Expansud Bazdt 4a both sier

mide

PSRRI ¥}

Expandad Metol

Ralled Stax! doist

pandad
Betar (o # $.2.4n fiour

 from wngtr
of Eupaad

:;?vl L'd"‘i
,,,,,,,,,,,, furai £2003
s [ Pwtion 2
a2 PN
i

Expavio Myt No 75 F 432243
Raaning Aaghe frens 40mi0xs

Aolted Stont Lny
2202888 [F

o

-
Busts 1t diam
freaxat }

DETAIL AT FOOY OF COLUMN

1 —
i BF-a- @..... ..... .
13 drum.taisled barn a
s BECTIONAL

PLAN SHOWING SIDE W,
scare of g ) 4 s

IR ----l{'“

“THE ENGINEZESR"

meHES Q9 I FL T
....... i
aporded Balui No. )5 100150
ALLS
§ FEET
SWAIN 5C_

Fig. +—CONBTRUCTIONAL DETAILE OF SECOND LUYTHAEGEN RESERVOQIR

Fiz. 2. Boath these resorvoirs are constructed in
reinforeed concrete on & bed of broken brick, suitahly |
drained by collecting pipes into a sump.  The ground !
in end near Antwerp is of & sandy pature, the level
of the underground water heing only & few fent helow
the surface, Consequently the outer walls of the -
reservoira are as much exposed to water as the inner,
and had to he finished and rendered with the saine
care. The details of construction will be seen on |
Fig. 4; the floor, walls, and roof are supported h_vJ
talled steel joists connerted by steel longitndinals
al envered on both sides with expanded metuli
tieel tor the jo ists with steel wire. Thix formed n key
inr the eoncrete, whick W, roughly  twnped
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finee 2 0am, thick, acctylene welded at tho ciream-
ferentinl and  longitudinel  joints. and reinforeed
internrlly and externally,  The external reinforce-
ment is of 10 mm. steel rod, wound spirally round
the liner with & pitch of about 75 mon It s
kept clear of the liner by rods of 4 inm, diameter,
spaced every 10 cin, round its ciremnference,  The
mternal reiuforeemnent is merely to hold the internal
cernent, and is formed of & 4 mn. steel rd wound
spirally, with longitudinal rods of the same diameter,
arrangedt as in the external reinforcement. ‘1he
reinforeed liner is placed in & vertieal monld, and the
pipes ara east frarn the platforin of a travelling gantey.
Tl mixture used wns hplf Rhine sand, one-thicd
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Fig. 5—INTAKE AND RESERVOIRS AT NOTMEIR

88 the work advanced, The roof is carried on con.
«rete arched. The columns, like the rest of the
structure, are steel stanchions, surrounded by ex-
panded metal, and concrete. The reservoirs are
covered with earth, on which grass hes been sown,

Whilst the construction of the second reservoir was
proceeding at Luythasgen, three new filter beds,
rach with an area of 1500 square metres, were made
8t Weelhern.  There are now three inteke reservoirs,
of rettling ponds, with a total capacity of 24,000
cubic metres, ten gravel sirsiners with 600 square
metres area, ten pre-filters with 800 squars metres, and
twelve sand filters with 15,100 wquare metres surface,

Portland cement, and one-sixth *“ Porto de Franco ™"
—=e =pecial guick-retting cement-—and the moulds
eould be removed in about 25 mimites.  The ends of
the steel liners ara left uncovered for a length of
10 cni. when easting the pipe, and the joitits are made
by butting these ends and placing & stocl band round
them. Yarn, soaked in bitumen, is caulked into the
band, and the joing i finished with lead tubing filled
with yurn; a ring of reinforcement is then slipped
in place, and the joint east solid in cement.

As many as twenty-fve pipes of 4.20m. length
were caat il & working day.  They were made at two
depots, one at either end of the wain.  The manu.

facture of the 12.5 kidmns. (nearly 8 miles} of piping
was commenced in March, 1912, and by the end of the
vear water wiss runniiy through the pipes from YWaci-
hem to Laythaogen.  The total thickness of these
pipes s 8 cin., snd they will stund a pressure of
11 atinospheres (say, 150 lb. on the square inch),

The desirability of a fresh intuke from tho river,
providing for an inereased supply and s larger
settling  area, was next considered. The upper
reaches of the river were inspected, and a =ite for tho
construction of new works was selected a1 Nofmeir,
about midway between Wacthem and Dutfel, The
relative positions of the Waelhem and Notmeir
works are shown on Fig, 1, while the peneral arrange-
ment of the latter installation is ahown on Fig. 4.
The intake is tnade with a reinforced concrete culvert.
3m. wide by 1.50m. high. After passing throurh
the river bank it branches right and Ieft to the two
nettling ponds, and it is provided with all necessary
sluice gotes, valve-houses, &e.  The level of the floer
of the intake is at 0.44 m., with an apron at the levrl
of zoro. Fach settling pond will held 40,000 cubie
nmetees of wrter,  Ax at Waethern, water is admitted
jist befora low tide, twenty minutes heing sufticient
to fitl onn pond.  They are used alternately, so us to
provide o maximum peried for scttlement.,

In the engine.-house there are two 18in, horizontal
low-lift centrifugal pumps, each driven through
gercing by a 100 brake horse-power oil engine of the
serd-11ese]l type, running st 250 revohitions per
minute. ‘The soitling ponds aro alsn connected at
the northern end by a culvert 5.00m. by 6.00 .,
fitted with sluice gates, This culvert will allow the
passage from one pond to the other of any necessary
eleaning barge or suction dredper. The water is
drawn from the setthing ponds into the main sunp
by means of floating suetinn arms,

Between the ponds there are eight. paratlel sets of
pravel strainers and pre-filters, having areas of 2531
nnd 2000 squaro metres respectively.  The water 18
prriped to the gravel strainers through a Bonna pipe,
R0 e, diameter, and passes upwards through the
urnvel stroiners, of which there are three compart.
ments in series, in each of the eight complete seta,
Ft then passes downwards through the prefilters,
which, like the gravel strainers, have their hottoma
forined of perforated reinforced concrete stabs.

The water level at the outlet of the prefilterr is at

1.0, and in ordinary work the water passes from
these to an impounding reservoir, which witl contuin
400,000 cubie metres {say, 88 million gellons).  The
top water levet is such that water wilt flow by gravita-
tion to the fiiter eonals at Waelhem, or in crse of
emergeney it niay be delivered direet fromn the pre-
filters at Waelhem tirough a concrete main 90 o,
diasmeter.  This pipe, and that of 80 cin. delivering
into the gravel strainers., differs fromn the nain
between Waelhem and Luyvthaegen in having no stecl
lirer, the total thickness of cement being 6 cn.
instead of 8 e, The joints are cast in cement with
& simple ting of reinforeement, The imaximnm
pressure to which this main may be subjected is only
that dueton 4 tn. head. Inorder to draw off the water
in ita most efficient state the outlet tower is provided
with sluices at levels of — 2.00, 4 200, and + 5.00,
Water can be admitted into the reservoir by the imlet
tower at —2.00 and at + 3.04. The works, as
completed, will deal with 50,000 cubic metres (say,
11 million gallons} of water per diem,

The second reservair at. Luythaeren, the extensions
at Waelhom, and the new works at Notmeir hnave
been carried out to the designs and under the super-
vision of tho consulting engincer to the company,
Mr. . B Courtney, M, [ast. C.E., 25, Victoriz-street,
Westniinster,

RAILWAY CONSBTRUCTION IN SWITZERLAND.

Hy 8. BEHRG.

LAL BRANCH OF THE BODENS
TOGUHENBUEHRG RATLWAY,
No, 11.*

We now return to the case of the embankment at
km. 2-8 on the Ebnat—Nesslau line, Here the pro-
cedure fullowed was in accordance with the idea
just mentioned. Fig. 9 showa the situation. At
firat the culvert had been desipned at the place
indicated, but a3 & therough exmmination by trial
holes proved the site te be far too risky for building
an embankment without some special precautions,
this culvert. was arranged in tunnel in the hillside,
& method which proved easy encugh, a3 rock was
mostly met with. An extensive system of drainage
channels, indicated on the plan Fig, %, were made ;
first of all, the big channel g—a—Figs. 8 and 10—
which had to drain the pit to he made on the site of
the embankment — ride croas-section km. 2-78,
Fig. 10. .

The drains took away the excess of water originaly
present in the ground. but the clay continued very
wet all the same. Even after the pit had been
excavated for about a yvear, the clay wae still quite
wet and plastic only 0-3 m. inside the wall of the
oxcavation, This phenomenon in itaelf was not to he
wondered at, as there wis renson to believe that the
layer of clay. the depith of which, however, was
unknown, but was ot least 6 m., was fed witlo water
from strata lower down,

THE EBNAT--
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Between kms. 2-2 and 2-9 the line crosses sn old -

nnd, perhaps, prehistorie landslip, which had covered
up the country with material containing blocks nf
reck and trees, the whole being itself covered in with
clay and loam. This material formed the ground at
the point in question. At a depth of about 2m.
helew the surface a layer containing trees and blocks

the tipping was going on to commence to slip. For.
tunately, the place where the spring appeared was
not then thickly covered with material, so that it
,conld be got at without much trouble and a special
drain laid ; but the incident showed how careful the
engineer has to be in ceses of the kind. Ai this
place, as also on a considerable part of the embank-

Tue Cmconian

Fig. 3—8ECTION OF THE LINE

of rock was cut into, the quantity being about 7 per
cent. of the total layer. In the bottorn of the pit
A dry stone drain—b-b an the plan. Fig. 9—was laid
«0 that it could drain into the channel a-a. On the
mountain side of the bank a big diteh was made, this
having to ha mortly blasted out of the blocks of rock
rropping out there, in order to intercept the surface

km2783
|
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BETWEEN EM. 2.7 AND XM 340

ment, excavated material from clay euttings had to
be used, and the effect of a ground spring on such
material would have been very disnstrous indeed,

It is quite clear that with the dangerous kind of
ground shove mentioned the trouble experienced
very much depends upon the steepness of the slope
of the ground ; the steeper it is the worse, of course,

Entarged Seceon o
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#ig. 10—CROBS SECTION OF

wator as well as any surface wabercourses which
might exist. As o matter of fact, only one intermittent
spring was met with, but it occasionally had a vield
of ahout 11 litres per minute, ot sioigzh W have heen
the esuse of damage.
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Fig. I1—~DRAIN AT EKRUMMENAU STATION

The work proved & success. No movement at all
saving the natural settlement of the bank was experi-
enced. The total cost of drainage and excavation
emounted to £350, or, a8 the embhankment contained
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Fig. 12—CROBB BECTION AT KM, 4.3

30,000 cubic metiees. about } ghilling per cubic met-c.

In spite of the very careful drainage, a spring -
nurked with a eross on the plan—had been blocked
up,  This spring caused the embankment on which

Seain

Se

EMBANKMENT AT EM. .78

the diffienlty. At all eventa, if the atope does not
excoed 10 per emt,, A certain heipht of embankment
can be put on the clayey ground hy draining alone,
and not excavating. The clay has s certain stiffners
and carrying copacity, and will always, even if rather
wet, carry up to from 5 m. to 7m. of embanknent,

“Trg Ewcimica”

Fix. 15--0R088 BECTION

whieh only means s pressure of about 1 kilog. per
Rquare centimotre. However, if ground water be in
excess, preab care and caution have to be exercised.
As there were indications of springs in the sloping
hiliside, the culverts necessary at kms. 289 and 2-97
— 045 m. and -80 m. concrete pipes—were placed

e

and the excavation over the pipes was arranged na
drainage channels. ln  both cases water-bearing
strata were cus.

The site which had to be chosen for the atation of
Krummenau (km. 4-2) was very swampy. The
ground water was generally close to the surface,
which consisted of a layer of peaty material 0-5 m.
thick, having under it from 2 m. to 3 m. of wet very
soft clay and then shingle and eand. To provide
for the drainage necessary a culvert—a concrete pipe

~0-6m. in dismeter—was laid in at the lower end of
1 the swampy part, as low as the level of the river
Thur, into which the pips had to discharge, would
permit. At the upper end of the pipe was a deep

Fiz. 13—SLOPE WITH OONCRETE BLOCHS

shaft, into which a specially constructed drain dis-
charged. This drain, which was 240 m. long. was
laid parallel with the line on the mountain side, ita
section being as shown in Fig. 11.  The bottom of the
drainage channe! was conereted. I'm order to keep the
conereting clear of the water, which drained heavily
into the trench, the vonereting was commenced at the
lower end, where ono or two earthenwnre pipes
0-15m. in diameter—or enough to clear awsy the
water-—were first of ell lnid dewn in the bottom of the
excavation. These pipes were then bedded into the
concrete, or, rather, covered with it, and laid in
advance of the concrete, thus keeping it clear of the

water, Care, of course, had to be tuken that the pipes
Main Roac
& o
a
i, =

Fig. 14+—8IDE VIEW OF SLIPPING BLOPE KM 3.3

did not get choked. This way of puiting in the
bottom floor of the drainage trenches or channels was
used everywhere on this section, and proved a succesa,
A 0-15 m. earthenware pipe only eosts H. a metre,
and was as a rule with the pradient generally used, viz.,
from 1 to 4 per cent., quite of suflicient capacity to
carry off the wunter. The diffieulty of keeping the
treneh free of water was thus overcome at low cost,
and clean conereting could be done. On the conerete
floor & dry stone drain 0:20m. by 0-20m. wax
constructed by menns of stone filling. which a3 a rule
had ite top covered with s Iayer of branchea or
fascines 03, to 0-5m, thick, The drain, inter-
cepting as it did the ground water falling from the

U
Maristone

OF SLIF AT EM. 258

mountain towards the railway, lowered the general
water level in the immediate neighbourhood, and the
effect was very proncunced.

‘When the line was staked out, pegs 1-2 m. to 1-5 n.
long had to be used in order to secure a ressonable
stability, since the water. as hes heen said, nearly

at a depth of wome metres below the ground surface, | covered the surface of the ground ; but one and & half
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vears after the completion of the drainage operations '
the ground water did not appear above 2-51n.

below the surface—235 m. from the drain valleywaeds

—and the carrying capavity of the ciny hud slrendy

become sutticient to stand the pressure of the station

foundation without any extra widening,  The cellars

under the station also proved to be quite drey.

This suceessful drainage of wet clay hiad, of course,
itx special resson,  The ground wuter penetrating
the clay—aee Fig, 12—eame from the =trats of
shinglo wand sand, the water prossing up on the wuder-
sithe of the Inyer of clay.  The drain not only relicved

27h
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upper edge foreed out 8 cin., wheress ils base remnained
firin, The vause of the slip, of course, was the water,

whicl e tlus ease mainly scted 0w hidden way,
wid the sliding plaue was evidently on the surface |

of hard narly strate, whicl, dipping s little inwards,
kept the ground water back so that the lower layer of
clay or loam pot convorted into a vwre or less plastic
mass, ot which the main part of the body, not having
lost its cohesion, <tood, but, of vourso, with o very
unstable cquilibrivn, Having repard 1o the, o n
certail extent, lwvourshle inwards inclination of the
hard strata, which was most likely tho causo of tho
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‘THE‘- BCHERZER BRIDGE OVEER THE PAMBAN
CHANNEL.

Wz have soveral times alludad ta the new means of
P commnanication which have recontly been provided hetween
Indin snd Ceylon.  We may, for instance, refor our
readers (o onr issues of May 2nd, 1913, anid Fobruurey
i of this year.  Up till February of this year comur
Ption botween Ceylon and the mainland had bheen effected
wiinly by stoamer botweon Tuticorin agd Colaibo—u
distance of 150 miles.  Now, howover, by extending tho
crailways uu both dilos, the bl of the sea possige ng
- been roduced to somne 22 1miles. We havo already doseribed

BN o

Sudes, Ends & Roaf of Qperatori House
cgrecrd with 5200 Lorngaced Seeting

Framing ol homs

N

25"

Srde Elevation

| S}

Fig. 1—-PAMBAN BRIDGE—END STRUCTURE AND OPEBATING MEGHANISM OF ROLLING LEAF

this pressure, huat by loweragg the fevel of 1he sroand
water it made the upper part of e shingle dey,
rasforming it into w water-almorbing  steatim
and making it act s o fretor adry the olay shoyve
it It s guite clear that the asural conditions in
thi~ case were specially favourable,

During the excavation iz Oetober, 1911, oifthe
cutting at kms.
through old landslip material, clay and loam mixed
with blocks of rork and tree trunks on top of marl.
sinne, the preliminery indications of a =lip were
suddenty obwerved.  The stope of the cutting was
nearly Hoishedd, wiven noceack appesced on a length
ol se 60 - see Fie B Correspondingg cracks
tvioped on the surfeee of tho slepe above the
mitting 4t the aume tine, snd the slipping body
wdvanced st o rute of 1o o Jom. a day.  Howis
e evident that, lmving regard 1o tho muass of
waterial  involved—the dimnensions of which were
cunstantly increasing and the weight of which was
vertainly 3000 tons—it wig most necessaTy to arrest |
the movement as quickly as possible, because any
delay meant that the trouble would increase. Mora-
over, a little higher up the slope, at a distance of only
some [0 m., was the main read, and above this o
wentfe, somewhat uneven mountain slope, all evidently |
consisting of the material of the old landslip.

The idea of trying to build a retaining wall had to be |
abandoned, &8s the wall would most likely have been des-
trayed before it could be finished, even if quickly setting
mortar had been used. As the only remedy likely to meot
withsuceess, concrete blocks—see Fig. 15-—were intro- '
dured at the foot of the slope and in the hard ground,
aver which the slipping mess was sliding.  In order
trhasten the work s inuch as possible, the excavation |
for two of the blovks was dono at the sane time,
anrd eaneretde 123 0 180 Glleed Dz At the lead, whin :
lud {0 take the thrust of the shpping mass, s cushion |
of stone filling was put in, so 88 not to bring the full |
thrust to bear on the concrete before it had had seme
time toharden. Four blocks arranged ot 10 m. centres
were first tried, but, sa this distance proved too!
great, the elay being pushed out betweon the hlocks
Xog. 2 and 3 and 3 and 4, two more blocks werei
introduced in the spuces mentioned, meking a total
of six blocks. The slope then stood all right, but the i
thrust waa strong enough to turn the blocks. and |
there was & tendency o lift thom into an upright |
prition. The block which moved most had its |

5 to 2:8—see Fig. 13—which was -

very sluggisle behovionr of the kapgesized slipping

By, il ight possibiv bave heen worth whide to®

wadl sl see Tow et ters wauld develop, one the off

clustiee that the movement nuight esase by dtwedf

hut as. un the other hand, there was no certainty

that the movement woslld not conunenee toaccelerate,

it was not thought prudent to face the consenuences,
wlich might easily have meant an extra expense of
S0 ANINE,

1 arresting. or trying to serest, sHpping movemaents |

the noteworthy vessels -the Curzon, Klgin anl Hardingo

which wro 4o carry an the secvice hetween Dharosekods
Poeint in Tdia s “Palamanaar in Ceylon, and in the
present article we propose (o give some particuiars cons
ecornitgr the Scherzer rolling Lt bridga which forms the
chwf feature of tha vikduct spanning the Pamban Straits
i hotween the nevinland and Mneswaram Isiand by means
of which the HSouth [ndian Railway has been extended so
as torench Dharusnkodi Poiit. The viaduet from Toniturai
Pomt to Pamban is 6776t long, and the Scherzer Bridye
is thrown seross the Pambnn channed, which is deep encngh

!
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Fig. 3--COMMUNICATION BETWEEN INDIA AND CGRYLON

it is fregquently found that the most ditHeult part of

arranging the necessary resistance, but with the hlock
systom mentioned there is at any rate s remedy of
comparatively high resistance, that can be resorted
to, which can be applied where it scems to suit Lest
snd which can be strengthened by putting in moro
iHecks if necessury.

Tr wrgent eascs it might be advisable to reinforco
thie concrete by putting old rails or iron of suitable
section into the lower parts.

| to allow of the passage of vessels of light draught. The

i the problem is that there in not enough time for | viaduet has 145 openings, 143 of which are of 40ft. span,

| ono being 43ft. and one 44ft. The accompanying map,

| which we reproduce from our issne of Febuasry 27th last,
will show its position relatively tu the other points on the
route to which we have aliucod.

The oponing bridge is s double-lesf through Schorzer
rotling Jift bridpe, measuring 225§t from contre to contre
of its wain bearings and 16ft. between the contres of mnain
trusses. At each end of the Lridge is u lixed structure

j earried on steel exlinders.  This structure includes two
Itmck girdors upon which rotl the segmental girders of
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RAILWAY CONSTRUCTION IN SWITZERLAND.
By 5. BERG.
BHLAU BRANCH OF THUE BODENSEFR |
TOGUENBU HU  RAILWAY.
No. 1IL.*
THE FACING OF ROCKY SLOPFES.

The areanging of stones on the faces of cimlank-
0TS conxisting of rocky nwterinl needs, of course. its
Soine typics] sections on the Khast-
“Nusslan line are to be seen in Fig, 18, The slupne of

Jie embankiment can be nade nwre or less stoep,

eccording to the neture of the rock cipluyed, wnd it

THE EBNAE

_above described, were applied to & certain extent,

iof the kind. At places the fact of this admixture of

On the Ebnat-Nesslau line stone facings, such as’

though the rocky material had too large an admixturs
of softer matter to afford an ideal rubstance for work

wet loam or clay cauvsed tho ususl consequences of
very uneven settlements and heavily increased pres-
aure on the foot.walls, &e.

Riopes.---As the material met with in the rock
cuttings was of such very varied character, it was diffi-
cult to standardise the steepnessof theslopes. The hard
and weather-proof rock could stand at an anpgle of
3in 1 or 5 in 1, or even verticsl, according to cirewn-
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RETAINING WALLS.

Sarne typical sections of retaining walls are shown in
the drawings given in Figs. 16 and 20.

Dry Stone Walls.—Dry atone walls were used to &
certain extent. The econotnical application of this
class of wall depends largely upen the facility for
getting suitable stone, and especiaily upon the ability
to get it in neighbouring cuttings. It has to he
remembered that for dry stone walls the stones must
be of the largest size practicable. The condition

that the stanes shauld have wn area of face of not less
than one-tenth of & square metro waa inserted In
the specifications for this line, but this limit is rather

twain Do

Fig. 16—TYPICAL SECTIONS OF EMEANKMENTS WITH £TONE FACING AND DRY STONE WALLS

stances, regard being had to the lie of the strals and
the incidence of isaures, whereas the marl in most cnses
demanded a slope not less than 1 : 1, in order that the
layer of eeil with which it would be covered might
remain firmly on it.  Hence many of the sections had
to be made with several different degrees of alope
quite close together, a circomstance which certainly
neither facilitated nor went to cheapen the work., Ax
regards theslope of embankments, if not made of racky
material, the usual standard 2 in 3 slupe dominated,
With

varies an & Tule between Lin Land 1 in 1} When the

emhankment is heing tipped suitable facing stones
sre chosen from smonget those near at hand, sid are
Meced square to the slope—wsve Fig. 17. If the
siopes be high, it is advisable to let a certain number
of heada projoct well out frown the slope—sec Fig. 18.
Theso heads serve to help the permanent way men
in walking on the slupe, which otherwise might canily
be dangerous, as well as to prevent the slipping uof the
mow. Embankments of this character should only

tontain broken rock, or, at any rate, there should not » and there was no reason for departing from it.

FIf. 1’—VIEW LOOKING DOWN LINE AT Hm. 13

be too great an admixture of softer materinl. The | dry stony materisl it is, however, not at all necessary
rock should also be capable of withstanding the action | to adhera to the 2 in 3 slopes for embhankmenta. The
of the weather, If the rock should show signs of | engineer can just as well employ, according to the
being affected by atmospheric influences, the steepniess | character of material used, a 140 per cent. or 130 per
of the slope ought not to exceed 1in 1}. When the cent. instead of & 150 per cent. slope. The writer has
embantament, ia completed, it should he covered with . occasionatly dane so even in Switzerland, and to do
8 layer of soil 8o that grass mey grow upon it. This, | this. of caurse, means & considerahle saving in material.
even if it he not a very great protection, vet helps ta | An embankment of dry stony materisl and with a
make up & erust which will aseist in withstanding the | 130 per cent. slope ir likely to he mach more stable
effects of rain and frost. ' than an embankment made of clay with a 150 per

T+ No. IL appeared Augmst Tth. i cent. alope.

too low, and ought, at any rate, to be 0-15 of &
aquare metre.  The advantage of dry stone walla
as rompared with walls set in mortar is, subject to the
above condition. economical as well as technical,
Given the wages of & mason to be (-65{. an hour,
and the wages of an ordinary lwbourer as 0-45{. an
hour, & dry stone wall ean bo huilt at 8 net eost nf
10f. per cubic metee, the cost af a masonry wall set
in mortar heing 18- 10f,

The analysis of cost is as follows, the stone in buth

Fig. 18 Pig. 19

ecages being taken froan the reck cuttings. where its
coat is included in the prico for tho cubting,
Dry Stene Wall,
Franes.
Proparing and transporting the stones, por cubic metrea 3.
Masonry work, per cubic moetra... ... .. PP

2

e

/.00

(Guneral exponses, 25 pareent. . .. L. L 2-00
Total ... . e e . 10-00

Masonry Wall Set in Mortar,

Praparing and transporting the stones, per cubic motra 2:20
Porr.pll;nd oemant, IOSC{(:'ID@.... ..., s e v e 4-40
Sanbd, 0-3 of & cubic metra, at §f. par cubic metro 2-40
Masonry work and preparing of mortar ... .. .. .. 5-80
14.50

Genernl oxpenses, Zhpereent. .. ... ... .o .o ... 3080
Total ... ... ... .. .. 18-10

The stones for & dry stono wall are estimated to cost
L-3f. per cubic metre mote than these for a wall ret,
in mortar, because the larget stones-—though there is
& saving in the cost of splitting up—are more expensive
to deal with than the smaller ones.

Using only 85 per cent. of the cubic content of the
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dry stone wall to construct & wall with mortar, ‘ by a wall 40 a8 to leave reom for » pathway and o cunsl
the cost of 10 cubic metres of dry stone wall is 100f., | belonging to a manufactory. For this wall the dry
wlerens the corresponding cost of 8} cubic metres stone type was chosen, and it was supposed as also
of wall in mortar is 117:85f., or a saving of 17 per | prescribed that the embankment had to be made of
vent. in favour of the dry stone wall. rocky material. A good deal of wet or quite liquid

It has further to be noted that as a rule, if any | clay was, however, tipped into the embankment, and,
inovement takes placo, & dry stone wall is much less | in  consoquence, the earth pressure became too
troublesome than a wall set in mortar. Even a|groat for the wall, which for a length of 45 m. out
tolerably prouounced movement shows little or!of u total of 9010, war turned about on its toe, and

Facing walls with garth Backing

Heiont Width
Af Wall | pf Grown
X in mriecs 'K'in metres
810
o070
5-80
ras

0.5 ;‘\
Wobe: JFQL b Jess Bhant 8 "
H
2
<
5 rae
a
7
H
El

meire the fanndation walis
fhare to be connectrd

Walls for rotaining
smbankments with & slope
of 2 in 3
.- _Helght of sicroers |
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180
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o 210
n 225
12 240

Thickness of the crown K
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{ Height of gmbdrkment above top

of well

Height Width
of Wall  of Croun
Hin metres K'in metres
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3 0-B0
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5 130
a
7
2
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watl
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bals[s[rarlrdu)rdm]n

155
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Walls for retaining |
cuttings with slopés
fromlleito 2in3

@ N At oA W
]
¥

m 200
n 285
1 2

Rataining walls in
cuttings wit's slopes of
2 in 1w lining walls

If # be less than
widts
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“THE THGINEER™ S¢

Swarn

Fig. 20-NOBMAL DIMENSIONS FOR RETAINING WALLS

nothing at all remarkable in & dry stone wall, whereas forced into a position of stecper batter thun when
the other wall soon looks like & Tuin, and, in spite of | first constructod. This wall was built in the autumn
the extrs cost, & wall set in mortar will not stand, and _ of 1910, sud the embankment was completed in the
will cause great additional expense, whereas the dry | spring of 1211, having been tipped during very wet
stone wall, even though it has not kept ite criginal weather. In the autwmn of 1811 the wall yielded to
position, may pass inspection as being servicesbls, the curth pressure, partly tuming on its toe and
and it may even be that ite movemente—as actually partly having its upper courses dislucated, so that
has happened—may not be noticed at all. Inaddition they projectesd over those below them. An official
the dry stone wall has another advantage, the im- | ingpection on tho 4th November, 1911, resulled in the
portance of which is frequently not sufficiently recog- | opinion thut there was no reason for any kind of
nised, viz., that water drains awsy from it o readily.

The comparison is not, however, alwaye in l'avour‘
of the dry stone wall. If there be any serious earth
pressure on the wall, the dry stone wall lacks the great |
advantage of continuity. Even if built in the proper
way and with big stones, the pressure, which will !
nearly always act in an unequal menner, will cause

M road

i
]
\
\
|
|
i
|
|

' {ar(n;i
the wall to split in places, and frequently the upper .
courses will be pushed out so a3 to project over those |
below them—saee Fig. 19.

Cases of heavy pressure frequently occur just
where the meterial to bs retained is wet and slippery,
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L fevel of ground m front _of swelf.
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to doprive the wall of ita ventilation and ability to
drain. The movement still continued, but in the
course of 1912 it almost ceased, so that it was believed
to be stopping. However, between Deceraber, 1913,
snd February, 1913, the movement began afresh,
30 that it became evident that reinforcement would
have to be taken in hand, since the consequence of the
wall {alling might easily have meant that heavy
dumage might have to be paid to the manufactory,
40 that there was no use in taking any risks, At the
end of Fobruary, 1913, the batter of the portion
which had moved varied from 16 to 28 per ceut.,
which represented & change varying from 18 1o
5 por cent. from its original batter of 33 per cent.

" The wall had not, of course, a very beautiful appear

ance, but. compared with what would have been the
the appearance of a wall set in mortar undergoing the
same movoment, it did not look very bad.

As the easiest and cheapest way of effecting rein-
forcement, five butiresses were constructed along that
part of the wall which was most affected, digging
out shafts behind the wall deep enough to resch

 good foundation, which in all cases was not far nfl.

A concrete cap was also constructed along the whol:
of the crown of the wall, as shown in Fig. 22. Thes
works of reinforcement, together with two drainage
trenchos in the ermbankment, cost 2300, whereas
the original cost of the wall was 75201., as paid to the
contractors. Ithasalso to be mentioned that the wall
had a slight outwards curvature—of radius 200 . to
400—m., which, of course, weakened it a little.
Looking into what it means as regarde earth
pressurs, whether wo have an embankment of rocky

! material or of material, at all events, resting on wet

clay, we find—see Fig. 22—the coefficient of friction
for rocky material being 0.8, and for wet clay 0.33,
that the earth pressure if wet clay be emploved
ia = - 0 tons, and if rocky material = ~ 7.8 tons,
the minus sign meaning that in order to get the rock
to move it has to be pushed with a force = 7.8 tons,
Now, we have in this case got the aggravating circum-
stance which espocially counts in this kind of section,
thut the stone fucing carries on the preasure to the
top of the wall, the facing, naturally, following the

" movement of the slope, into which it is bonded, and

the resulting foree is thus brought high up on the wall
into tho most unfavourable position possible. That
the dry stone wall should have yielded under such
circumstances, though all the ssctions were not of this
most unfavourable character, is not to be wondered
at. It is rather to be wmupposed that the earth
pressurc—the real valve.of which is in most cases
very difficult or impossible to find—waa not quite
us much as was calculated. In the case of a dry
stone wall not to consider the friction between the
back of the wall and the earth is also incorrect, as
there is bound to be a heavy resistance which will
direct the resultant force inlo a favourable direction,

, but in this special case there was the circumstance of
| the stone facing influsncing the resultant force in the

unfavourable way described.
In dealing with retaining and similar walls, the

- sizes of which are often worked out eccording to

tubles oF guite empirical rules, it frequently happens

' thuat & very iroportent detail is neglected.

Sectrons 2t Lhe cromn of the wall

SRR SO,

and most in need of drainage, and & drying influenco S
such as that afforded by a dry stone wall, which lets 1
air in through all joints, whereas & wall sot in mortar |
only has its weeping holes to provide for this.

The remedy in such cases seems to be to try to give |
the dry stone wall additional strength, and, as the |
woeak pointe secm to be the crown and upper courses ! reconstruction. A number of puints of sections

7 T3 w

t
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Hg. B—STRENGTHENING A FAILING DRY STONE WALL

The foundation part of the wall is usually given an

of the wall, the crown ought to be backed with con- i had been selected for a continued observation of the | offset—ses Fig. 23—asarule only0.2m. to 0.3m. Now.
crete or actually made in concrete, as indicated in ) movements of the wall, which then at the worst | it is quite clear that the stability of the wall is not
the sketches shown in Fig. 21. 1 pluce had altered its batter from 33 per cent. to | only dependent on the pressure at @, but also on thr

A case of & partial failure of & dry stonc wall wos | 22 per cent. pressure at b. As a rule, we can put 20 kilos. rer
the following—a drawing is given in Fig. 22:—To the ; Tn order to strengihen the wall and facilitate the | square centimetre on at a, but frequently not even
right of the railway, between km. 1.0 and 1.2, the | control of any movement the joints from the face | § kilos. per square centimetre at b.  In order to have
niin road had to be roconstructed and given a steeper . inwards wero filled with mortar to a depth of about | harmony in the stability of this section, we must
grudient. The wsin road came on tho top of & big | 15 ems., but only on vortical strips of 2 m. breadth, | have ae X pressure at ¢ = bd X prossure at [
embankinent, the fout of which had to ke supported |leaving strips 1. wide unfilled, in order not quite | or, if pressure at ¢ = 20 kilos. per sguare contimetre,
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and the foundation is not able to carry more than
5 kilos, per square centimetre, we rnust have bd
= 4 X ac—that is, the offset muat be much greater
than that wually given. The foundation must also
have a certain proportional thickness, so that the
projecting toe may not be hroken off. Assuming
20 kiloa, per square centitnetre pressure at 4, and
gc = 0.20m, wo get R = 2 % 20 x 100 x 20
= 640,000 kilos., or 80 tons, of which 34 tone por metre
run will act to break off the toe at ad. The moment
is about 34t. X 0.42m. = 14.3 metric tons, and if

ad = 1.2m,weget W X F = 4.3t = 1.2¢x 1.0

x F, or F = 30 tons per square metre, or 3.0 kilos. per

TPt Eezimiam

Fig. 18

squara centimetre, which ia not too much. This
calculation is only approximate, but serves to illus-
trate the principle.

The writer has seen several failures owing to this
vause, but they have mainly happensd to bridge
abutments, where tho centre part got torn out of
bond, sith the wing walls—see Fig. 24—this being one
of the cases where the earth presaure is fairly heavy
and generally distributed, and, consequently, trying
to the weak pointa of the wall.

What aggravates the question of edge pressures
an retaining wall foundations is that it is an edge
pressure, and not a pressure evenly distributed.
Whereas the back edge gets nothing, the front edge
gete teo much, which, naturslly, makea it yield com-

Side View.

Semaim SE

Front View.

[ ]

Tma Eweomies”

Fig. #—CRACKED BRIDGE ABUTMENT

parstively more, thus starting a roovement which will
tend to upset the wall.

Specifications for dry stone walls ought to contain
the following stipulativns :—{a) The minimunt fuee
wea of any stone should not be less than 0.15 square
metre. (b)) Stones under 0.25 m. high not allowed.
) The length of stretchers should not be less than
1} times their height. (d} The breadth of hinder
heads must not be less than their height. (r) The
hinder must overlap a neighhouring stretcher with
ut least the greatost depth of that stretcher, or, if
the thicknos of the wall amounts to less, it must at
last reach through to the back side of the wall.
i) The bindors must 8t thoir rear ends havo a breadth
4t least 10 per cont. greater than their broadth at tho
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Hg. 2-NOBMAL BONDING FOR DRY STONE MASONEY

fare of the wall. (g) The inside and back part of the
wall must be made in good bond with the stones of
the facing—=see Fig. 25.

In Scandinavia dry stone walls are used to & great
txtent, and usually they are made of very hard rock.
The Scandinsvian masons—mostly Swedes—are very
skilled in making this kind of masonry accurately,
with astonishingly close joints, as also in building
with excellent binders and very good bond.

On the railways in Norway the writer has aeen
4ty stone retaining walls as well as dry stone bridge
sbutments—for ironn bridges—made in the most
perfect manner—sce Figr. 26 and 27. Where the

#one s mot favourable for wotking or easily gt this
kind of masonry, however, is very expensive. The

two pictures show a retaining wall which cost 17f.
per cubie metre and s bridge abutmont which cost
35f. per cubic metrs. The reason for adhering to the
dry stone eystem in Norway is mainly that the long
winter t8 unfavourable for the making of walls in
mortar, and it is desired to keop the men at work in
the winter time, for, as a fact, the railway men in
Norway work all the year through, except between
Christmas and the end of January.

In all cases of retaining wall foundations in ground

Fig. 26~-DRY HTONE RETAINING WALL

which is other than recky or gravelly, it ought to be
clearly remormbered that the greatest care has to be
used to prevent water from penetrating into the
foundation so a3 to saturate the soil under it. Where
dry stone walls are exposed to this danger, it is better
to give them a baso of concrote over the wholo area
of the foundation, and in all cases of the kind the
foundations of walls set in mortar ought to fill the
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Fig. —DRY STONE BRIDGE ABUTMENT

excavation in the closest possible manner, so os to
prevent any possibility of wator gaining sn enirsnce.

ELECTRIC VEHICLES.
Na, HL*

Anordnr battery apecially  designed for eleetrie
vehicles i the Thiladelphia thin plate  battery,
wlich has been in service in Aineriea for about
six yeara,  Tho plates are formed of dinmond grids,
and are said to bo incapable of buckling. ‘The active
muterial iz locked between two pgrids; thus every
particle of the active materinl i elose to w conducter.
In the top left-hand corner of Fig. 14 an early form of
plate is shown at A. Here'the active material is
not locked at all; it is packed in isolatod blocks,
which ean easily work loose and fall out. At B a
double lattice grid is shown, whick in the case of thick
plates i3 a distinet improvement on the zingle lattice
grid. The material is continuous, and offers & more or
lexs mutual suppert. On & thick plate there is a
certain amnount of locking, die to the wide space
hetween the lattices, but when the plate is mado thin
the plato loses this locking property. At { a portion
of a diamond grid is shown, Here it will be noticed
there are four locking points in each distnond-shaped
section, and if the plate is inade thin this locking
property is meintained, In a thin plate the material
is bound between the lattices just as firmly as between
the lattices of a thick plate. The makers also direct
attention to the fuct that the diamond grids are
continuous, and to bend the plate the resistance of
the vertical and dismond members must he overcome,
Wood separators extend {in. above the plates,
Rubher separators also extend to the same height
as the wood separators. The weba are as thick as
the ribs. Wide solid margins are left unribbed to
give additional strength to allow for trinming aud to
eliminatechances of short-circuits sround the edges of

* No. 11 appeared July 2t

the separators. The wood separators are treated so
as completely to remove impurities without materially
reducing the strength, and they are said to last as
long as the other parts of the battery.

The composition of the active material is apecially
prepared for thin plate batterics. It is said to embody
high coherence and porosity, The positive material
softens very slowly and the negative mnaterial does not
shrink and so loss contact with the grid.

Many different types of these plates are manufac-
tured, but it is unnecessary to deal with them all.
It will suflico to say that one type of plato desighated
by the letter W™ is ]{in. thick, another plate
TW MY ldin, a third W T Min, and a fourth
W T X sine The first plage ™ W ' s classed as
a thick plate, "W M"” a medium plate, W T
& thin plate, and “WT X" an oxtra thin plate.
The W T X plate is 64 per cent. as thick as thoe
W plate. A ear fitted with a battery containing
YWT X plates will show an incressed anileage of
48 per cont. above that of a cur of carcesponding
weight, fitted with hatteries of the ™ W™ type.  The
"W T " batteries will give 85 por cont. more mileno
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Fig. 14+—DETAILS OF PLATES

than tho “ W type battery, and the “WM?”
batieries 20 per cent, more, The diagram Fig. 15
shows the discharge voltages for * W 7 and * W T X~
cells, the rate of discharge heing the same in each case.
The averago voltage of the “ W ™ cell is 1.965, and
that of the " WL X" battery 1.98 voita, It will
be noticed that the voltage of the ** W 'I' X " battery
is aintained until almost the end of the discharge,
which, of course, means that the speed of the car is
maintained also. The makers say that in practice
the average pressure of the thin plate battery is often
well over % volts, This arises from the fuct that the
full capacity is not usually required every day.

The * W T X" cells contain aboubt 54.5 per ceut.
more plates than the ™ W' cells of equal size.  This
compares closely with the 46 por cent. incrense in
capneity. In Fig. 16 is shown the distribution of
discharged active ymuteriat—lead sulphate—in thick
and thin plates discharged to 1.7 volts. These
plates were anelysed layer by layer, working in from
each side until the centre was reached. The Leavy
shading inditstes the high percentuge of discharged
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Fig. 15-VOLTAGE CURVES

material and the light shading little or no discharge.
The heavier the shuding the larger the amount of
lead sulphate found. It will Lo noticed that the
discharge only takes place throngh to s depth of in.
The kyers decper than this show g rapid decrease in
discharged 1mterial, and at the middle of the piate
there is searcely any disecharge.  Since this part of
the plate performs so little work the manufactarers of *
the Philadelphia battery—the Fhiladelphia Storage
Battery Company—havethoughtit advisable to reduce
the centre core to a minimum.

Tue advantages of this battery do not arise
from the fact that thin plate cells have greater
capacity per plate than thick plate cells—an
s matter of fact, the capacity per thin plate is
somewhat less than the capacity per thick plate—
but owing to the larger number of plates which
can be used the capncity obtainable from a given
sized container i3 in the former cese much greater.
AW ponttive plate will give 28 ampéro hours at
the four-hour rute, and & * W T X" positive plate
25.5 ampére-hours at the same diachatge rate.
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i
matorial met with is not absolutely proof againsi the "can be carried out quite nafely ; wecondly, the nwin

the inclusive cost i approximately 13s. 6d. per ‘
willion gallons treated. The chalk costs 50s. per ton | influence of water, drainage has carefully to be looked
deliverad on the site, and the alumina £5 Gs. per ton. | after. In the above cases thers was marl to deal
The contract, exclusive of the buiidings, wis varcied | with, and cure was taken to insert a drain pipe well
out by the Candy Filter Company, of Woestrniustor, | bedded in concrete, and arranged in such a way thet
wud the plant was erected under the supervision of the | the foundation of the wall near to it was kept freo
tinn's engineer, Mr. Alex. C. Jarvis, of any water—see Fig. 2.
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Fig. 33—BECTIONS OF TUNNELS—BELGIAN SYSTEM

A series of engravings showing different parta of .  The tunnels, eaving for this, presented no diffi-
the mstallation is given on page 192.
ropresents the battery of twelve Candy filters ns - Belgisn aystem. A German author recently con-
modernised. The cluteh gears in connection with the  dernned the Belgian system, but apparently he
wouring apparatus will be observed, Fig. 3 shows i cannot have had much experience in its application,
the chemical bays with the skip and overhead run- ! or, af any rate, in its correct application. The
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Fig. 9—TUNNELS A8 CARRIED OUT

ndvantages of this avstem are very clear,

%y, In Fig. 4 may be seen the chemical pumps,
the top is excavated and lined, with the use of a

tunks, &c., while Fig. 6 is n view of the turbine,
=mmpa, &e.. a9 seon from the chalk and alumine
mya,

BAILWAY CONSTEUCTION IN SWITZERLAND.
By 8. BERG.
THE EENAT-NESSLAU BRANCH OF THE BODENSEL
TOCCENBURG RAILWAY,
No. IV.*
TUNNELS.

The fine has got three short tunnels,
& follows 1 —

Betweenkms. 1.8 and 1.9, I'um Dum, 26 10. long;
betwem, kms, 2.25 and 2.35, Horben, 84 m. long ;
betwoan kros, 3. 88 and 3.93, Trempel, 46 m. long.

ugravings showing these tunnele and various
m are given in Figs. 28, 20, 30 and 31, and in
Fig. 3 ante.

_Tie Trempel tunnel was built in the open, as the
lia had to be covered only in order to take aroad over
i Fig. 31 shows the site of this tunnel before the
'f‘l“.‘? wag constructed. In all tunnels where the

These are

Pig. 0—LOWER FORTAL OF D'UM D'UM TUNNEL

minimun quantity of thabering—if lining be wanted
v —and the widening work for the full tunnel section

* Neo. HIL appeared August 1Hh,

e 4

Length of vault rings 5748
Gistance beiween centres 4735

In this Fig. 5 culties whatscever, and were constructed on the

First,

| part of the tunnel section ia worked out from above
| downwards.

! The underpinning of the vault mesoury is as & rale
| not a task of any great difficulty, for it is easily done
+if due care be exercised, and there need not be uny
settling at all of the masonry. KEven with rather

-—ts
G

Dwame Lo

" difficult tunnelling with which the writer had to do
—on the Albula railway—thers was no settlement
of vault masonry observed when the Belgian system
was employed, and in spite of difficulties with pres-
sures, &c., it was still the easiest method of getting
through the work.

Tyoe He
arrangement
on curves

Type

e
marey M Py =

Crozs Section of
Treempel Tuonel

In cases where the tunnel has to he quickly
cemploved for transport purposes, it sy, of conrse,
i be advissble to run & hottom heading through, so
" a8 to avoid the gradients up and down to and from
the top heading, which are & necessary concomitant
of the Belgian system; but all the same, the top

! heading can be driven at the same time or later than

the Lottom heading, and the DBelgian system tlien
carried out to advantage. For progress of the work

* and different states of timbering, see Fig. 28.

Tn long tunnels there are, of course, the rate of
progress and the organisation of transport, &c.—
frequently matters of difficulty—to be considered,
but all the skame the system of vaulting the tunnel
hefore breaking out the materinl below is in many cases
sure to he of great advantage, though, of eourse.
not applicable where exireme pressures are met
with, A fairly relisble gauge of the utility of the
Belgian avaten is that nearly all contractors with
experience in tunnelling readily take to it, as they
fully realise its advantages.

BRIDGES AND CULVERTS,

Tn addition to seven road bridges—atl arched but
onv—and gsanry eulverts, nnd B great numbsr of
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small culverts, there are nine vinducts, oll of masonry, | of tho total. ‘The arch is built of lime sandstone | it can be neglected as long as the arch is not fatye
viza— quarried on the railway itself at km. 4. This stone | thangspan - rise = 5, whereas the wind pressy.,
Atke. 1-4 vinduct with 8 spass of 10m, is very easily worked, is weatherproof,"and has an | in many cases neglected, has to be considered, as

. 20 - v 19w and 1 of $r ultimate corpressive strength of 1200 kilos. per | represents s considerable stress, especially in 1,

if‘ﬁ { 4 10m. sguare centimetre {over 7§ tona per square inch). | larger arches, mainly coming on at the pointe when

v Bl O Bl i This arch has the greatest length of span of any|the piers carrying the visduct-—according to ih
AT . R T stone bridge yet built on Swias railways. arrengement adopted for large arches in whi

a0 " 1 6326 i, agd 2 of Bin. The working out of the stresses was effected accord- | economy has been really aimed at—stand on 1l

" :3_‘:],’: } fji ":u’:l"g :f‘f ; . {ing to the theory of the elastic arch without hinges. | main span. At these points the wind presaure can

This theory is somewhat complicated, and does not, | an excentric influence on the centre line of pressun,
as a rule, lead to a quick result. The cueflicient of | resulting in & greater stress on the lee side than on ti,.
windward side of the arch. This whole guestiu |,
well worth a special research.
—— 1 Both of theabutments were founded on rock, Th
| rock on the right-hand side of the river consisted of hani
conglomerate and lime sandstone. On the feft-lung
sido of the river there were alvo Iayers of marlstin.,
partly of a rather soft character, and on this side 4
very unpleasant surprise was experienced. For 1l
abutment on the leit-hand side—see Fig. 33—t
rock had to be biasted out through the whole heigly
of the cliff, some 25 m. {say, 82ft.). This hlssiny
| work commenced in June, 1910, and when in the
: month of October it arrived near the designed bottun
iof the foundation, & sounding bore-hole provel
| that there was a eonsiderable hollow below. As wa.
iclem'ly shown by subsequent excavation, & eavily
' at some remote period had been hollowed out by the
,river, mnd the space subsequently filled in wilh
shingle, sand and blocks of rock, &c. At the puint
- whers the abutment came all this filled-up cave wus
below low-water level. The river entrance to tie
rave had heen so completely covered up with bi
blocks broken off from: the cliffis and so bedded in
the river bottom that it had not been discoversd
i during the preliminary investigations.

Tho rock covering the cave was not comphiely
reluoved before the middle of December.  Hane
attempts at pumping proved & [ailure, and evena
22:5 c.m. centrifugal pump capable of delivering
over 1500 gallons of water per minute, and worked
by an 18 horse.power benzene motor, could not ke
pace with the water entering she cave. After haviny
dug to & depth of 3 m. beloew water level, the water
on December 23rd breoke in very heavily, and after
this the pump could not get it lower than 1.5 m. below
alasticity for the material in question, masonry in | water lovel. As it was necessary to go 5m. down
in & bridge earrying the main road over the ruilway | cement mortar, is not only of uncertain value, but | to get at rock, all idea of further pumping wae given
at k. 1.8, was iron used. By far the most important | also varies in the different parts of such a large | up, it being determined to dig out the foundation by
of the viaducte wers the two bridges crossing the river | arch, The Exing of the value of the coefficient of | under-water work. Only 1.7m. remained to be
Thur. Views and drawings of various viaducts, &c., ! elasticity for that kind of material is a matter of | excavated, but the material was of a very mixed
are given in Figs. 32, 33, 34, and 35, and in Fig. 4 ante. | great difficulty, since the movements to be observed | character, consisting of sand and sfones, blocks of
are 80 extremnely small and are thus easily subject to | rock and pieces of treea. The excavation had to be

FIRST BRIDGE OVER THE RIVER THUR. error. It is quite another thing to apply a coefficient | dene up to e depth of 5 m. under water level, and

This bridge—seo Fig. 33—crosses the river at an | of elasticity in the case of meotals, where its value | the use of divers waa quite out of the question.
angle of 43 dog., and the rails are 18m. (say, 59[t.) | is known with comparative accuracy. because the wator was too opaque and too cold
above mean water level, The largeat arch in Lha‘ It seoms doubtful that the accuracy claimed for | A drawing showing the excavation is given in Fig. 36,

As materials of construction stone and concrete were

Fig. 1—8ITE OF TREMFEL TUNNEL BEFORE COMMENCEMENT OF WORK

noarly exclusively used, and only in one case, namely,
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Fig. #—~VARIOUS BRIDGES AND VIADUCTE ON THE LINE

bridge hes n span of 63.261n. (sey, 207ft. 6in.), , this method can be said to hold throughout for stone | Tools for working under water had then wf:a
with & riso of 15.85 m. (say, 42ft. 5in.). The dimen- | arches, and ecrtainly the time generally taken up | obtained. First, screw dredgers combined mial
vions of this arch are:—At the keystone, 1.80 m. in working it out is a decided drawback. stone pincers were employed, but as the mul‘,er)15
(smy, 5ft. 10in.} thick and 4.43m. (swy, 14ft. 6in,) ‘ In the writer's opinion, there does not seem any | got too hard for this class of machinery, Mteﬂgﬁ
broad; at the imposts, 2.72wm. (say, 8fL. 10in.). great reason to prefer the elastic method to the | were made to loosen it with small blasting Ch’“'cr;‘j
thick and $.22m. (say, 17ft. lin.) broad. The ‘ ordinary methed of finding the centrs line of prossure | This methed, however, was found not to WO*_‘"}“‘I'
caleulated maximum pressure is 46. 2 kilos. per square | passing  through three points of the arch; this|the blasting blew some of the timbering awdy, e,
centimetre {say 637 lb. per square inch), including | method having the advantage of being very clear | to replace this under water was rather l:l'o!'.lbl""")‘m_s
the pressure caused by the influence of temperature, ' and not demanding much time. As the pressure [Then a big falling chise], 100 kl.los.‘welgh_‘v o
which, however, is only small, being about 2 per cent. ecauvsed by the influence of temperature is very small, | used, and to make it work systematically 1
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mounted on a sliding bed provided with a dt:mbleI

to 250f. per cubic metre, was necessarily very heavy,

movement, so that the chisel was pushed sideways since so many special tools, &c., had to be made.
U-1 m.at s time, At the same timne the screwdredger, To have made this foundation on the pneumatic
or & sack dredger, which latter tool was mostly | method would have been still more expensive, but if it wero possible to pump cement intc any hollows

Fig. ¥—FOOTERIDGE AT Em. 361

employed for finishing the work, was used for excavat-
ing the broken-up niaterial. At [ast a firm foundation
was reached, but the excavation had somewhat
diminished in srea, so that the pressure from the

)
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found, and the trials with & pump used to forca
cement mortar into the holes corroborated this.

| After the filling with concrete, it was again tried

4
e kLT

f‘

Fig. 35-ROAD BRIDGE AT Em. 538

it would, of course, have had the advantage of
greater socurity, The foundation up to water level
was mado of conerete 1: 2: 4, sunk in tipping boxes
of half cylindrical shape.

Section on the Axis
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Fig. 3 -LEFT-HARD ABUTMENT OF FIRST THUR BRIDGE

arch sbutment would amount to about 20 kiloa. per
square centimetre. The method of finding this pres-
sure i shown in the diagram Fig. 37. It had to
he considered that the nose abecd could not bo
absolutely relied on, as it contained a fissure only
partly filled with sand. In order to get tho rock |
surface aa clean as possible, the centrifugal pump
was transformed into & sand pump by giving it a
reduced suction tube, 100 mm. in dismeter, on which
was fitted & rubber hose provided with a rose.

A thorough flushing of the bottom was brought
about by means of water from a reservoir high up on’
the other side of the river. The water had e pressure |
due to & head of 70 m., and was taken down by means |
of & fire-hose with n nozzle having a diamstor of
18 mm. This nozzle as well as the rase of the sand
pump wisi fixed on the swno long red, which was
drawn over the bottom, xo as not to leavo any part
untonched by tho flushing.

To aseeriuin the condition of the surfuce of Ju
botton of Lhe excavation, systenntic sonndings with
w 42.kilo. jumper, used with o fnll = 0-3 ., were
carried out. The result wus that the jumper pene-
trated 0 em, on 25 per cent. of the total bottom area ;
fromn 0 e, to 2 em. on 40 per cent. of the total bottom
area ; more than 2 em. on 35 per cont. of the total
bottom arca.  The total bottem ares was 13+ 6 square X
metres, of which 2 square metres were covered with :
Joase stones,

These under-wator works were started at ihe end |
of December, and were finished on February 18th. |
The work had been hindered through the very severe,
winter, during which there were heavy falls of snow,
und the temperature went down to - 22 deg, Cont.

I by boring six holes 3.7 m, to 8.1 m. deap,

Before the filling in of the concrete, a thorough
examination of the bottom of the excavation and of
the rock in the dirsction of the resultant foundation

e ERT Y g

Sesignadt Line

Swam Se,

"Tua Encinecw”

Fig. 37—FIRST THUR BRIDUE—LEFT-HAND ABUTMENT

preseure ariging from the arch when built, was made
i Nowhere

which might possibly have been left, with but very
little result.

In spite of the great load brought upon this founda-
tion and the sumewhat uncertain method of making
it, which did not render it possibie to vee any finished
surface, when the arch centerings were struck as well us
later on, thers was no settlement whatsoover to be
cbserved, 80 that the raaximum movement probably
has been less than 2 num., this being about the limit

. of accuracy of observation.

THE RAILWAYS BETURN—PRELIMINARY
STATEMENT.

JusT about ihia time of the year there has geuerally
appearcd the Board of Trade ** Railway Returns,” giving
particulars of the capitsl, traflic, receipts and working
expenditure of British railways for the preceding yesr,
but thi year there has ouly recently been published the
Prelimi 8ta 1 that g ily comes out in May.
. The delay is, of course, due to the Railway Companics
! (Accounts end Returns) Act, 191f, under which a very
i much enlarged form of aecounta had to be kept ss from
* January lsi, 1913, which gives more detail, and thereioro

guve moro work in the swnmarising of the sunual returns
" for the year ended Decenber Jlat last. Past preliminary
statenients gavo the corresponding tigures for the previous
year, but the prosent return iv preiscod with the remark
that no attemd hes been made to compare the results
LIven, g, owing te the changes in the method of compiling,
the fignres are, 11 sovers] swsportant resgrects, kot properly
comparabie.  n mtiznation I8 akso canveyed that tie
lignres given ate, in mwhy casos, the subjeet of inguiry,
and they st thercfore bo regurded ws purely prelimtauey
m ehmracter,  Wo have, howoever, Iwen sable, in most
Justanees, Lo et fromn e return for thal year the corre-
aponding lignres for 14132 snd ws far us possible will wse
thew in our presond roview.

Fhe milunge of punning linea opencd at the eind of 1913
was 40,689 iles, single track—60 iles of double.live
equals 120 milos of shyle track, and 40 miles of yuad.
rupled road equals 160 miles of single track—and 14,744
mulos of sidings. This was an iucrease ovor 1912 of 655
miles of double line, but a decrease of 124 miles of gidings.

 An there ought, all things considered, to have n wn
invrease in the milesgs of sidings—of about 200 mibes,

| judging by the figures of provious yoars—this decreas:

I muy be dus to greator accuracy in compilation, or, possibly,
u large nuinber of sidings have been converted into running

lines. These figures show that 67 per cent. of the railways
in the United Kingdom are gingle, and taking the 1912
returhs as a guide, it may be taken that 33 per ceut. of
thoss in Engiand and Wales, 58 per cent. of thoso in Scot-
lard and 80 per cent. of those in Ireland, are single lines
“The authorised capital has been increased from 1414
millions sterling to 1421 millions, and the total paid wp
from 1334 milhons to 1343 millions, of which ordinary
cupital rose from 493 millions to 498 millions.

Coming to receipts, we find that the decrease in the
mumber of passengers carried noticed in 1912 was appa-
rontly contimied to an necentnated degree in 1913, In
1910 the toiad enrried was 1326 illions, and fell to 13494

fons in 1912, w decrense of 32 millions.  But in 1yl
thix is shown as nving dropped to 1228 millions, s further
duerenso of G6 miilions, or noarly 100 millions in wo yvuars,
The decrease in 1912 over 1911 was asceribed st the tine
to the coal strike of February-March, 1912, and the
* Ruilway Returns’ report for 1812 said : ' An exami-
nation of the half-yearly accounts of the prineipal cota-
panies shows that the number of passengers carried by
. these companies collectively in the second half of 1912
wan rather greater than the number carried in the secoml
! half of 1911, Thus, the decreass in 1912 ocewrred w. olly
| in the firat half-yewr, and it sceme reasonable to conelude
that but for the coal strike, thera would have been some
!increase in 1912 in the total number of pussengers carriod.”
Thero is also & very big decrouse in the numober of season
tickets, which were 595,000 in [913, an against 785,133,
Roth these headings, however, bear in the Preliminary
Statemient a funt-note to the effect that passenxers booked

The cust uf the under-water excavation, stuoontityy wero vther hollows or  caves, exeepling  fiksures, through over mure than one system ure recorded oucy

(]

P T
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of the poney actually finds its way back into the
public Treasury in the form of taxation. Master and
man  and sub-contractors between them at the
present day have directly and indirectly to find in
taxes and rates amounts varying between eight
and ten per cent. of the whole money paid for such
a contract,

It s equally wrong to place such contracts with
foreign firms even when their prices are so low that the
difforence is even grester than can be accounted for
by the discrepancy in the wages. 1t is wrong, becanse
it often answers the purpose of the foreign contractor
te take such work at 8 loss in order to seoure the
prostige which attaches to hin in cutting out the
British firns on their own ground. The most per.
Licious argwent that has ever been used against our
industry by our foreign competitors has been that
the British Government has to go abroad because it
ennnot find 1skers in England to do the work pro-
periy.  The unsophisticated overseas purchaser does
not know the conditions that have surrcunded such
contracts. He does not realise that the British
(lvvermment has bheen selling the prestige of the
British engineering industry. That selling of our
industrial prestige by those who cught to protect it
hus doune more to strangle our engineering trade
ubroad than all other influences put together.,

What do we think of & British consulting engineer
who, after asking for tenders from British firms, tales
on one side a foreign manufacturer and says to him,
** Look here ! If you wiil make your price so and se
T will give you the order. I will undertake not te be
unduly severe in enforcing the conditiona of contract
and you mey sweat your workmen as much a8 you
like. If by any chance you should Jose money on it,
think of the prestige that you will gain by knocking
out the British manufscturer in his own country.”
Such a transaction would be an infamy. But it i
precisely that class of transaction that the Govern.
ment and certain other purchasers have been carry.
ing through time after time. This iz one of the evils
which it is hoped will be overcome by the new
patriotic spirit that has been created by the war.
But to engure this the manufacturers must put their
case collectively and clearly before the (Government
hefore the war is over. It iz not the manufacturer
alone whe must de this. Every trade union in tho
ecountry must insist on the abolition of this disgrace-
ful practice. Every member of Parliament who
receivea his mandate from our manufacturing districta
must vote for the abolition of this system.

Before leaving thie subjeet I would recall an
argument that was recently used in connection with
a contract given to Germany not so long age, and
which was to be paid for by ratepayers’ money. The
difference in the wages more than accounted for the
difference between the German and the British price.
In defence of his conduct the British engineer who
had to do with the placing of the order pointed cut
proudly that he ** had obtained a guarantes from the
German coniractors that while their fitters were
employed in erecting the plant in this country they
would receive wagea according to British trade union
rates.” Really this would be extremely humorous
were it not for the fact that it shows the depths to
which want of patriotism can go. Perhaps, after
afl, it is not want of patriotism, but merely a want of
the commonest form of intelligence. How on earth
conld the payment of British trade unicn rates to a
few German workmen for a couple of months whils
arocting a plant do away with the fact that some
hundreds of them had been engaged in the manufac-
ture of it at not much more thah helf those ratea 1

One of the most pernicious featurea in these foreign
contracts is that they have the effect of introdueing intoe
our dockyards and arsenals alien workmen for months
ot a time, It ia ridiculous for the Government to say
that they can learn nothing of importance, Their
congtant contact with the other men whose work
covers the whele of the ground is in itself sufficient.
to give them all the information they need. Ower
and over again (erman enginecr officers and skilled
draughtsmen have donned the overasll and posed as
workmen in our Gevernment factories.

I have denlt at some length with this question of
placing contracts abroad becauss it is the fundamental
ohatacle to our advancement. snd until it is overcoine
we can never develop our industry to its full extent.
it knocks the bottom out of every argument that
can be put forward by those who have the selling of
British engineering plant abroad. Tta aliolition would
remove with it many of the other cbatacles which
atand in the way of our trade, for the Govermment
would then have roalised that it must become the
ally acd not the enemy of our industries.

We now have to consider the British purchaser
a3 an enemy to national interests. I heve already
dealt with the question of Government purchases
from abroad. The Government is the greatest sinner
in this respect, but the private purchuser followa its
lead. The private purchaser, it is true, has more
excuse, for it is with him ofteri a question of ways and
meuns. I am not going to labour thia question here
heyond saying that the war should give so great an
inipetus to the national instinet that we may reasan-
ably hope that after it is over the tendency to buv
from abroad will be decreased. especially ns during the
war it is to be hoped that many of our firins will have
taken the uccessary steps to produce some of the

articles that we now purchase abrosd at a price which |
will keep the orders in the country.

Of the British manufacturer as his own enewmy
T have said enough when dealing with the other casos. | I

Where P = the safe carrying capacity of the pile
in kilogrammes,
W = weight of monkey = 480 Liloa.
weight of pile in kilogrammnesd = 400,

He is his own enemy because he has the means to . m = factor of safety taken in this ase = 3,
ovarcome sll those obstacles to his trade enumernted h = height of full of monkey in millieirs
above and does not use them. I am not going = 4000.
to reiterate here the worn-out arpuments  that | 4000 % 480 % 400

) ‘Henee e = = Tmrn.

we are sll sick of reading, to the effect that he
does 1ot study requireinents, doss not back ap his,
agents, is not a competent linguist, dovs not price his ‘| f FLE Ot
eatalogues, and does not give credit. There is a pood | stresses in the centering, it has to be c onidered ”.“,‘
. : : ag the arch is clored before being fnished, onkv a
deal that is true and a good deal that is false in those | ) i o '
. . . ey | certain percentage of the full weight of the arch hax
contentions, which seein to bo sterevtyped for especial I to be carvied by the conteri A3 BOGIL 8% GIK of
wse i overy consular report. They are about w3 jist ! Y ! #- 8O0 ne o
. - 'mere coursed of the arch have been closed, the wrch
s is the counter-arpument to the effect that *all . N B N .
. IR .. | earries itsell entirely or nesarly ao, and the centerine
Consuls are fools.”  Tho real truth about the British | ¢ h A
' . " . -1 | only gets what further load s brought on by rewem
manufactwrer's apathy is that he still retuins the pick £ ih \ f th h
of the trade. He has, consequently, been spoiled of the settlement of the arch. . . .
b ity in the bed Hle . bi sned for ot The weight of the arch stones, which arc laid with
Y prospority in the past, it e radial joints, acts upon the centering in & rtadial
extonding, so that he can tackle mose work. The direction. There is a reduction in the weight du-

reason he does not extend ad much s he might is - i
because he has not troubled to put hinwsclf in & position ! mp:!?et;t:l;enwt;;‘lf‘ glsi_n & bhi:‘tPﬂz’;‘:*:i t::lll:rll‘:
to carry on the trade on the long credit and other . — - ‘ ;
condit.igns ndolpt-ed by his [ureig!% competitors, and | P = the weight of the stone, s = the angle between
P y | the joint and the horizon, and u = the coefficient of

that he haa not been bucked by his Governmens, his | 4 1 .
bankas, and so on, sufficiently to enable him to do so. | friction betweon the two stones, which may be taken

He is his own enemy because until recently he did not | ?,:Bb:;:,% f;nl:: f'i)x:dtgr(:f:h h:l’::t Bf‘i{:;’m:uth:!:‘:n ltl;
care to eombine for the purpoue of obtaining the |, =, " g eq # X P cosa produces a r.cactiou, and

proper support of his Government. Horo, again, the ; this reaction paturglly having just the same value,
remedy is in his hands, and the new conditions :

P 4 ing, which prevents )
brought about by tho war afford hin an opportunity must be taken by the centering, which prev ’

. idi i ds, and th P falls
{J};it; }:;[}::: never had before siud wiswredly will never . ::‘HO:(I) ; fli]ed::ﬁm :;:)za;—orﬂan::rmin;; th“e lon:_m o e

In Fig. 38 are shown two load curves, one beinz

calculated by means of the formula:—P X sina

i — P X cosa; x being taken = 07, the other
| ealeulated with P sin a.

RAILWAY CONSTRUCTION IN SWITZERLAND. [ ‘T'he writer thinks that the load curve obiained with

By 8. BERG. " P sin o alone is the right one to use, and that to

THE EBNAT-NESSLAU BRANCH OF THE BUDENSEFR vompensate for thia fact, it is justifiable to design

TOGGENBURG RAILWAY, 1 the centering to take only 55 per cent. of the weight

No. V.¢ of the arch ring, since, as will be seen shortly, the

C arch ring is completely closed, and therefore sclf-

supporting, to all intents and purposes, whon 55 per

eong, of the stonowork is in place,  Alternatively,

b X 13,000 X (480 - 400)*
Concerning the design and the working out of the

THE staging and eentering can be seon from the
iluatrations—Figa, 38, 39, 40, and in our Two-pago

Supplement. The six centering ribs were placed the contering wight be desigued for the full weight
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Fig.-33—DETAILS OF CENTERINGS

0-0 m. apart, and with a superelevation st Llhe of the arch, but with & roduced fuctor of safety.

crown say, such a8 would bring the permissible working
1 strese to 160 kilos. per square centimetre instead of
= o x{T - fi+0-004 = 0-13m. . 80 kilos.
I = span of arch | The posts and struts ere, of course, calculated as
e : columns.
f = rise of arch. If X the moment of inertia,

The centerings rested on piles, each bay having two ‘ 1
rows of piles driven into the river bottorn, and nearly
all going down to firm: rock,

For the driving of the piles, the following rule was
adhered to:—

the length of coluwn considerad as " froe ™
length,
the coefficient of elasticity = 100,600 kilos.
per square centimetre,
m = the factor of safety,
weo have for the strut No. 2—see Fig. 38-—the carrying

Maximum movement of pile at the last stroke in .
millimetres, lcapacity = ** X B X I chere 7« 2 x 10.5 m,
o W g . ' m x #
= A P (W (Brix formula). 1 = 788cm.; hence
— 10 « 190.000 > 19.50¢ _ 10,400 kilos.
* No. 1V, uppesred August :lat. 3 X T8
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The arch ring timbers have u cross-section
« 32em. = T04 Bquare centiinetres.

32 | Fig. 42, are cut out; the out o a; can also be mada[

halfway. On the day of striking the centerings, com-

Choosing the ptece of the arch between struts mencing in the middle and working towards the abut-

10 and 11, we get—

ments, the cuts ¢ a; are cat through, after which the

‘I'he ecmpression stress at the panel point ot 11 leuts ¢ b, are made, this leaving so small & bearing

7600 kilos.

LT

= 10.8 kilos. per sg. cin.

ares that the centering yields and is practically
i relieved of any prossure from the sech. To get the

an artificial imcpost, from which to start vaulting,
in order to carry on the work at four pointa simul-
tanecusly. Working from the ends towards tle
middle, the a stones were first put in and bedded in
mortar, though where the open juints ceme the
: stones were kept apart with iron wedges. After the
I'a stones came the b stones, and then the ¢ and d

The bending force
PL 6400 x 230 _
8RB x 360
where R = the moment

of resistance.
Total maximum | .
compression  stress |

49.0

"

4.8

Fig. 39-THUB BRIDGE No. }.—METEOD OF LAYING MABONRY

venterings struck quite free, the toes at by by hud in the  stones, and then the closing of the first double;course

- case under consideration ic be hewn otf.

1was effected by the introduction of the £ Btones.

"{'a transfer the pressure frem the wain arch to the ' This closing wea also carried out by working from the

rock foundations three courses of rough square stones  ends towards the middle.

in Portland cement mortar wer= introduced, wkich
in their turn wero bedded on a strong layer of con-

When the “ coffer " was
i reached it was carefully removed and replaced with
n stonecs. For this joint.closing the mortear was

crete 1 : 3 : 6, filling the excavation blasted out of used in a somewhat dry state, and was well rammed

the rock, which at both ahutments was well sounded

Ter Emganien

Fig. 4—THUR BRIDGE No. 1—METHOD OF LAYING MASONRY

Each pile is considered to be cquivelent to a free
column having a length of 4 m, and taking m = 4,
snd a factor of safety of 4, we have in thie case the
arrying capacity

_mxIxFE_

oo = 16,500 kilus.

Y 1

The maximum lesd to be carried is
13,000 kiloa.

) For striking the centering the wooden block system
ventod by the Austrian engineer, Zuffer, was used,
snd worked as follows :—

The blocka are introduced between the hearing
Peces of the centering and their supports. JFust
before striking the centerings the pieces a b ¢ d

with Lore-holes to make sure that ne fissuros or other
eavity were in dongerous proximity to the cxcavation.

The building of the areh was commenced in the
middle of May, and was carried out as shown in
Figs, 39 and 40. Tn the middle of July tho first
two courses of the arch were closod, and on tho 1st of
August the arch was finished. With sach large arches
it is & difficult matter to aveid undue scttlomments

&

i down, so as to fill the joints in the most compact
‘ way possible. In their turn tho / and g stones com-
s pleted the work. Views showing different stages of
‘ building the arch are showu in Figs. 44 and 46.
The mertar had to be made of 1 Portland cenient to
3 of clean sharp sand. For the closing of the jointa
' the mortar had to be just moist and the ramming had
i to be continued till the water appeared on the surface
iof the joint. To facilitate the filling of the joints
I two different tools were used—see Fig. 43—the tool a,
| for moving up and down in the joints after they were
, Blled, and the tool b, for ramming by striking i with
| & hammer.

The stones were roughly dressed to certain dirnen-
| siong and marked so that they should be used in the
i right order. A certain latitude in dimonsions and
shupe was tolerated so as not to muke the stone
dressing too expensive. The material was easy to

y

e

a"

77 Theck

Tao: For ramming the Martdr

Fig. s3—MASON'S TOOLS

work, and the rough square stones could be made
fairly accurate at a price of 38f. per cubic metre for
eutting and dressing in the quarry. The width of
the joints varied between 1§ cm. and 7 em., but was,
a3 a rule, not very irregular, being about 2} ¢m,
After the closing of the arch the upper masonry
resting on it wos commenced., For the purpose of
levelling obeervations after the introduction of the
¢ stones seven bolts were fixed in each arch face.
The toial deflection of tho arch from the first closing
in the middle of July to the 18th of Septomber was
20 mm., which increased to 33 mm. when at the
com nent of December the total load had been

N,

AN

a & & a,
Fig. 8—ZUFPER RLOOE

Tt basimren - Swmin Se

during the construction, which, of course, might
easily cause cracks. To that end a number of open
joints—in groups of two or three adjoining one
another—were introduced st the wvertical centre
posts, with the object that the arch pieces betweon
these open joints might keep entire while the nevit-
able small movements of the staging were going on.
Everything went well in the present instance.

At point IX.—see the left-hand side of Fig. 39,
and the view to an enlarged scale given in Fig. 40—

of the centerings a so-called ' coffer’” was built in, viz.,

brought on. About one year later the deflection
had increased to 37 mm. Sitriking the centerings
made the arch deflect 3 mm., which are included in
the above figures, At the trial leading before the
opening of the line by putting a train on the bridge
no deflection was obesrvable, No effect of tempera-
ture could be detected.

[ During the building of the arch the centering was
also observed by means of five bolta on each face.
! A table of settlements of the centering as well as of the
‘arch is given on page 2086.

" It will be observed that from the commencement
. of vaulting-—middle of May-—to the first eclosing of
the arch—July 19th—the centerings settled 204 mm.
‘ot the crown asnd more towards the abutmenta,
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points 1, 2, and 4, 5, viz., 27 min. to 373 mm. The! Eight tons of iron were used for web plates, bolts, ' 32,1001., or 26f. per square metre of bridged ara
buifding of the rest of the arch only caused a settle- | &c. (including 900 kilos. for pile shoes). or 28 kilos. Under certain favourable conditions stone arclu
mont of 3} mm. at the erown. wherens the other per cubic metre of wood employed. 1 of large span can compsete favourably with sted

Figs. # and 4—~THUR BRIDGE No. 1.—CONBTRUOTION OF THE MAEONRY ARCH

points remained nearly stationary, showing that the The transport staging, which was only 2 m. broad, | bridges, their supcriority as regards cost of nwen-
arch after elosing very nearly supported its own weight. | and was connected to the centoring— seeSupplement— | tenance not being the only puint to he considored,
Az to why the settlement of the centering was | represonted a tuts! net cost = 4200, To this has | It may be decined possible tu go to spans of al Jeast
heavier at points 1, 2, 4, and 5 than at the crown,
there seems to be a double reason. Some of the
centoring struts wero not placed radially near the
ends of tho cantering, whoreas the forces acted radially,
which might causo some undue yielding, but the
principal reason is to be found in the wrong load
curve used for the calculation, this causing a com-
paratively greater stress in the timbers near the abut-
ments than at the middle, and, naturally, resulting
in & greater settlement.
ﬂslf)ilsjwt:)s 5::9203}2:52&;02}‘8 work on this visduct “I'o the left of the contre Bue, ) T the right of the centre line.

4 4 H

Sedtivmrwt of Cntering i Mefbiwetrea,

Thur Bridge I.— Cost of Work, Number of paints . .. . 1 1 % 3 I
Francy cent, -

i
Excavation, 1160 eu. m. ot 4-36f.... ... .. .. 1811 . ! = ‘ ’ ’ . _
Fuundation conerete 15 5: 10, 40.en. . at 20526 th .. astones balf browhton o 0 L -1 i | 4 | -4 j ﬁi i
1 6, 100 cu. M. ut 26.29f, Jone Bth . wstonexall bronght on 7 5 ! 8 ‘,:,\ ¥ 3 8 ®
. %2714, TOcu . nt 13.06¢ w J0th . Batooes half brouabton .. L L. 113 R I 2h 7 ] 74 24
Ruuc’l; rguare stone nmmnr‘:', Stew. o at 971, ... w 16th . #rstosesall brosghton . . . moeno, :_‘!- 8 74 }Ué\ p it
Regular rubt sney, S50 00, m. nb 2622, o Zird L estonesadded C. L. 13 ‘ 11y 7 8 13 2 lf'l
Hegulnr rubble vault mewnry, 113 en. m. 8t . 28th ... d stonos hall brovght on . . 17h 133 n mn 1 13 ) 1
BRI, i - doly 1lth 7 sopeal browglibon L w8 n I '
Sqiee ston Yanlt mmsonry, T80 cu. m. 1 « 18th .. rstonesall bronght on and first doalle i
Huu%g-?‘&mw stone vanlt masonry, 780 cu. m. at oonrss u!umdg vn o O L ow 04 w % -“ :30&
Ash’ar vnult masonry. 20 cu. . at 45 G0f. Hith ... fstonevall brought on a1 Ear) -4 2 263 N 22

.‘\l;gnd. 1t g stunex all brougbt on and the duk ' _ . .
7 comple e e SO YTy 24 28 Ph E31Y & 2 284 il
Sept, #th L Usnterings struck |

Achlar vault masonry, 11 ¢
Cone hilling 1:5:10. 65
Vault g, 236 =) m. ot .
nlt drainage apparntus, 4 pieces at 34201,
t cast iron prpes, 15 . at A.261
Plasiermg on the back of the

The figuros with mipus smdicate & Jifting of the centoring. of rather of the arch ring titshers, which, wnder the intlucace of the
A advanving load, behaved ke an elastic circle.
117 sq. m. at 2856 0 L. . - e
Ntope flling. 163 cu.n ol 3-42f, | I r T H Netttranent of trch i Mitiimetees,
Swooth dressed  square stones, 37 en, m. et . .o

cing walls,

N hlw'mf o the rige of pillars. 300, 1E l To tire left nf the centre line. : “I'» the right of the contre line.
Asl wasonzy on the cdge of pillirs, 300 . B - - —_ - .
OF .. ) A cunabu ; PRI I s s

Comgrote pifie (0-6 Cad 10484, | Sumbur of printe . _L» 'z : * L ! —

Sounding bore-bole [T : 4 ‘ 00 e

For stagings and difien]ties ... R EEHRET] 0 - -3

Extrn fur funndation ... Auguet Lat, 1811 o

August 11th, 19)1 . ‘ ' ]
1 Septenber Sth, 1911 ; i ]:,!

The total net cest of centerings wnd foundations was H“'l“‘l‘“‘"”, 14 "‘; 191 { 3 N
25,5001, or 32.T0f. per eubic metre of arch inssonry ; | (l’,::fu"hr::’ﬂ' ]]'9!11‘“ ‘ 124 i 14
11,640 hours of work woere spent on the whole of the | Fulrsury 260, 19127 174 6} 184 .
centerings, the wages ranging from 0.45f. to H. per | Awgosti6th 1z . . 1 0 ¢l e sy Y ld ?

erg 5 At the striking of centerings . -
ho.‘l',:;‘;;;:‘ugf ‘;"E”%fn‘l;_‘be";“:l::l‘ (L':fm_]:l‘: 3;‘2""“ od was | e ED Meptomer 1911 o0 4 2 3 2 1 0 = means of the ohservations of Both sides
, &e., us
as [ollows (— | - . . .
ol by imbers 1943 cn. motres NuTE.—An sllowance of 2 min. has to be made for inaccuracies in the ohser
. centerings .. . - i . ’ L.
” f;i;i‘::'f toives o 1}_ also to be udded the cost of the different stagings, 160 m.. but .u.nder the _condmon that fas _uuml;]u
" st o ' the centerings for the 6 m. and other arches. s net ' stone combining great resistance to pressux‘ev\\-lt-h ease
Total .. .. o . L 28D ,. total of 2400, meking in sll & net total of of working can be readily obtained and timber for
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The
abutinent  foundations must wlso not preseoal any

the staging works not being too expensive.

great dilticulty,  If these conditions cannost be ful-
tilled the ¢otnparison with a steel bridge 15 no longer
favourilshe --at any rate, in first cost.

In our Supplemeny ave given thiree views of Fhare
Brwdze Noo Lo oone of these showing the staging,

aother the conterings, nnd the thicd the completicd
briduc, Phe fonrth view in the Supphaonent
the completed Thoe Bridee Noo L, which
referred o kuter onin this series of artichs,

shows
will be

3

OUR CHEMICAL TRADE AND GERMAN
COMPETITION.

Uty en K pert Corevag onident.)

I cwnmercial eircles  an inunedinte onteome
Wl el Enropesn War in whiell we aee engneed has
e s lnudabbe andd widespread desire on Chie ey
of Briti=h neeodacetirers to wine back nackets whieh
lave: been lost to themn by tle inereased Germiait cone-
perition of recent yvears, This desire extends o
muitiplicity of manufaetures wd interests, some of
swhivh e veterred 1o elsewhere in these pages. o
the present weticle we shall condine onr remarks to the
el industey, in which it i< o hackneyed phrise —
ciaat ing lareely from the nonstechniend wlyocates
o technead edacation  that we buve passively allowed
mirselves o be beatens all along the Line by the
vermans, B will be convenient to follow o recog-
nised, thotgh somewhat ronghy, classitication and bring
wnr retnarks under 1he two headings of heavy ehemieals
sud Aine chenuenlz. The former eonnprises goods
sucle as carbomste and  canstic nllkali, bleaching
powdler, saoeral weids, alung, wnoniung sulphute,
atnd erade coal tar produects: while in the Intter
calepory we anay pliwo synthetie dyestutl=, wedicinal
vliemieals, photagraphic  chemieals, svathetiec pors
fumes, wnd, peoerslly spealing, products which are
~ild by the pound or the ounece rather than by the ton
or the hundredweight.

Now, in this mutter of new competition with
Gertany it will be interesting, and jmportant wichal,
1o nete where we havo merely to get bhack what we
have Tost and wheree, on the othee hand, we have to
wompets i narkets which wo hoave oot hitherto
invaded ;5 in other words, it is one thing to supply
wods we hwve breon making suceessfully for yvears
and snother to eompete in chemieals which we have
not hitherto juade ory if wo bave miade them, only o
a trifling extent. Chemienl works swe ot put up in
aatay, nor is tho necessary eapital found by o wave
of the watel, s would appear to be the idea of some
MRS to Lhe newspapers,

Whatever may be the ultimate result of the new
wovenent i the chomieal industry, we shail e
wt be ahle ta supply the texdile traules of the e
n the wext woath or twe with the aniline dyes they
require, wied which at the moment they have ditticutty
obtaming.  As we write we only know in the terms
of an Art the course the Board of Trade proposes to
fullow with repgacd to the suspension or cancelling of
German and Austrian patents now heing worked as
wonopolies in Grest Britain, A test cuse or fwo s
required 1o maske tho position clear. [t is note-
worthy, however, that the Munchester Chambor of
Comnneree has passed a resolution proposed by w
prominent chemical manufscturer that any drastic
actionn by the Board would oot be in the interests of
this conntry-—first, beeause our eneiies would be sure
1o retahiate in their own domains, wlwre severnl
Rritish patents aud factories are in operation ; and,
eeondly, becanse in most enses we arn hy no means
rely to muke similar product In addition to what
tuas heen alresdy said ubout time snd enpitnd. it must
be remembered  that chemienl manafuacturing s
wsually earried on behind closed doors, trade secrets
Inoming intch more largely in chetdeal manuinetoring
than in the great majority of trades. 1t is all very
well to buy o patent specification, but in how many
cios, we wonder, is the manmdacture carcied on
weording o the strict lettering thereof 2

As aniline dyes, to use a common expression for
coal tar dyes generally, slways tike sueh a prominent
pPlave in dixcussions on Gerowil chemistry, we may
point out that our preduction from a very fow works
15 by no mweans nsignificant, amounting in vilue to
£300.010), while we nuport, mainly from Geemany,
£LTHEO0O0 worth,  Orders. it s stated, arc now
pouring in from neutral countrier, snch as Ttaly and
America, in excess of the capucity of our works to
dea) with., Tt is recognised, of course, that this state
of affairs in abnormal, and that various fuctors on the
eorumnereinl side of business which obtam m ordinary
tinues now go by the wall. 1t may, however, be taken
inr granted that the new husiness now being nhiained
by British tirms in thix branch will not ho allowed to
wowithout a strugele when times beeowe normal again,
As to how far we sre likely to progress in this fuiure
rompetition with Germany is & matter on which it
wonld savour of presumption for us to speculate,
sid it can well be left in the hands of those whose
mterests are closely invelved. [t may, however,
prove useful to enlarge on one or two factors in the
situation. ’

;_Synt]wti(' dyestuffs, in which category come urti-
ficial mlder and artilicial indigo, owr imports of

whicl, amounting in value to probably over amillion
sterling. are, of course, nast ineluded in the figures given
whove for nniline dyves, wre not mnude in their entirety
m the smne factories. There are monerous factories
in Goermany nwking speeial chemicals, such as for
instanee, fuming  sulphuwrie aeid wd - chlor-pectie
acitl, which are bought by the coloar msnulseturees,
ancl i i elear that if we are to carey on the synthetie
enlonr industry on i barge sende it will be neerssney to
putup factories 10 make these internediate prodicts.
At the moment there i obviousiy little mducement
Lo =ink capital in tlus dircetion. as the Beitish denand
vould ot for a long time bo larpe enough e he
vemunerntive. At the present thue many of ruch
ternedinge products are buported  from waly
hoth by British manufacturers of  dyestalis ool
hy the  important  Geemon setiticial  indigo pro-
duesrs on the Moanchoster Shap Canal. 1t st not
e overlonked that the viss synthetie colour mdustry
i Cermuny has been systematieally developed from
snull beginnings, aul that, in fust, the industry ws
suell s beenc ereated by the Germans, Cortamly the
seoaniline dye was disecovered and masde for sale m
Fngland, bt we have to streteh the meaning of words
toany that the indostry has been seized froo us by
tiermany. Two fwetors whicl ave mditated sgoinst
aur proyress have been ek of patriotismoand of cheap
aleghal, JF one s be permitted 1o conple such dis-
ainlar vavses, With regard to the hitter coneessions
af valie e cerini bocin tosde by oar FKoxcist
nuthoritios in reeent years, buat our facilities o this
respect are still el behind those enjoyed by German
manufacturers,  This b obviously s matter that ealls
for Turther consideration at the hgnds of tie anthori-
ties, I tirning oow G owhat we hove tenmed lack of
pateiotisn, we wish 1o avoid a0 certain political
controversy which has been so much to the fore in this
voutttey i the last decade, We may, however, guite
incependenthy of this indicste cortain possibilivies for
the augrmentation of home industry based upon what,
i now actually fooperntion,. To take a conerete
inxtanee from the very indusiry we are discussing
W RPE S W gl ;.'i\'l'ng H/\"Iz_\' he steTet \\'h(‘ll W why
that the Britisle Alizaein Corapany. of London, owes
its survival and succrsstul existenes 1o the faet that
it capital = luegely held by an anportunt dyeing com.
hination sehich has undeetaken to purchase, if nut all,
ab any rate o large proportion of its ontput. It woeuld
10t be cusy to point 1o many similar cases, we anagine,
in England, bat in these davs of great combinations of
large capital we see 1o renson why  considerable
developient on thesn lines zhould not take plwe 1o
risure, at any rote, the Gllug of cur hoene reqgoire.

ments, iF not o compete with the Geronans i the
world’s murkets. So mnels for the synthetic dye
industry.

As far ns our remaaks have heen of a

nature they wall apply also o the other groups of fine
chepdeals,  surh as edicinal and - photogeaphic
reqpuisites, industriss which have heen largely ereated
by the Germang and not tsken irom us. Fhe sy
thetie perfume business has been alimost entirely
deseloped by the Germans, whe now manufacture to
the vulue of over two millions sterling per annunu
Our business with them, thoueh of some importance,
is. however, ot much more than one-tenth of what
we do in natural perfumes for which our saap makers
have a preference. Among the numerous letters in
the duily Press on the German competition gquestion
wor have notieed more than one reference te the
cyunide industry, an industry the position of which
may ba considered as on the borderland of the fine
and hesvy chemical classitication. We do unt agree
altogethor with what hiss been recently put in print
on the snbiject, but space provenss us frinn discussing
the matter at any length. “The demand for evanide
has grown largely since jts introduction into the gold
mining of the Rand and the silver mining of Mexics,
wirdd the output may be roughly stated ss 10,0000 G
12,000 tons avear.  The preseng price 1s Td. yper pound.,
it being kept at this low figure in order to prevent
furthor development of eertain synthetic provesses,
which eannot comipete suceessiully at less than 8d.
or Od. per pound. o the expected large produe-
tion  from pasworks should the price rise above
Sd. per pound, we do not attach much rportanee,
Fhaugh not the only producers, the two tirios which
reaily count in the eyanide manufacture ars the
Chasel Uyanide Compuany, of Seotladd, and  the
Bessau Company, of Germany, which eah hoid
sucecessful patented processes, the formoer manufac.
turing from ammonis and the latter Inng the waste
beet sugar residues, a source of nitrogen which is
abundant in Germany.  Of the South African imports
of eyanido sbout three-fourths come from Germany
and one-fourtl from Great Britain, though this ratio
18 not on & pof with the relative outputs of the two
COUNtries.

Going on now to sjeak of heavy chemicals, we
already cquipped for o henvier export trade than is
now i existence, awd it s sstisfartory to hear of
sudden aetivity in important centres of the traude.
The principal anxiety is the sapply of cectain raw
muiteriala,  Salt, the basis of the alkall industrey, we
have alwavs with us, but difticulties have arisen with
regard to the delivery of pyrites, and more especiully
of potash and magnesium compounds.  We cannot
pet on without Gerany in the matter of the supply
of pote-sh. which s produced so larpgely fron tho
nabural deposits underground, ss well ss from the

are

beet sugar residues,  Amevien, of course, i in o
similar predicament, sl her efforts to tind natural
somrees of potush i her territory havings proved of no
wvall. With regard to competition with Germany
in soda compounds, it must 1ot be overloaked that
the selling price has now for many years beens s natier
al sgreement between the principal producers af botly
countries.  With revard to the forthesming Mauil
sodn compretition, Germnny will be the greater saliever
from the national standpaing.

(i spier B8 Becaming exhausted. but we coannat
risfrnin from a referenee to the atest c-umpn-l:l:nn from
ternany--Ahis time not o fine, buto i besyy eheni-
This s with wd to a body L snneninn
sulphate to wit, whivl we now produce inovery
qlmntltnw s @ hy-product of gsworks anid ok
ovens. The Germans, after their writmph in the tine
elmieal industry, seem disposed to pest on their vars
in this departrnent. and have assiduously s taeked
other brausches, speead sttention having been dieeetad
to the syathe ul fertitisers aud dnetin-rabber. We
leld nes hupe ful view of the future for sy uthetic rubher,
but it i% & et that 1he Badische Company s niedde
HEWIKE tons of synthetic anenoniuem sulphiste, and it s
net surprising that considernble pae turhation huas
brreny cansed i owr hone prodacing eircles,

Tuarning to ahother of or chendeal nudustries, the
sonp trwde, of which something has bren said in the
what competition wee bave et with from
Germany bas been compuratively insigniticant, and.
like that drom France, in specialised toilet articles,
Ohwing Lo tsweir high protective taritff on soap-makiong
neterinls, such ws il s eocaunut oits we have
heen ennhled e keep the great buik of the heavy soap
Dbusiness, and our large works have bes e cans
cerned in doing hutk business in Lundreds of tons than
in competing mhagh-prieed faney goods which cannet
he expected 1o nve » lisrgee suldo, Lt is our prodietion
oF songs it bulk that has given us the first place o the
ontput o that important hy-product glyeerine,

Many other chemieals eome to i on which wojew
ohservations might prove of interest, but we st
draw our renrks 10 8 cluse.  Enaugh hes perba)s
been =suid to indicate that whatever ey be the case
with cheap carthenware, bentwood chairs, &e., to
mention ouly two of the articles with whicll our
ve-energised eompmereinl brancivof the Boaed of Trule
i now dealing, the eapture of the Germuan chemical
trade by England 0 any apprecinble extent nmy n
syt eases e Jimpos e, and will Injuost cuses prove
sotewhat diflicult of attaiment.

Press,

OBITUARY.
ALFEED DOWSON,
Oxn the 140h instant, al 1 Hmup=hire, thae

denth aceareed of Mro Adfeed Dowson, eivil eugineer,
ab the apge ol =ixty-cight. The late Mr. Diswzon was
for nearly & quarter of a century actively engared in
the design and vonstruction of engineering works on
the sea const, includiyr piers wul Innding stages at
New Brighton, Hunstanton, Redear, Clecthorpes,
Wallasey, ®t. Anne's-on.Ses, &c. He was also con-
sulted on the improvement of the harbour at 3t.
Helier's, Jersey, and much of the work subsequently
carried ont followed the lines he ndvocated. He abso
made a thorough study of const erosion and con-
structed breakwaters and other sea defenee works at
various purts of our cuast, eventually bringing out w
nevel systemn of open groynes wlich he patented
andd applivd with sngeess at the mwuth of the river
Ribble, in Lanesshice, and st DBrighton.

On the passing of the Tramwuy Acts i 1870 Me,
Dowson carricd out sehemes e this country and in
Indis.  Sevoral of the early track detuils woeee
improved, and he wctually designed wd pratected
the present standard rail section, but at that date
was unable to get the rolling mills 1o tackle its manu-
facturs, In conjunction with his brother, Mre. J.
Fmerson Dowsoen, a treatise on * The Construcbion
of ‘I'ramways ” was publizhed in 1875,

After giving up sea work, Mr. Dowson woted s
vhgineer to his brother's undertaking, the Dowson
Fronemic (ias Power Company, subsegquently thkings
charge of its works at Basingstoke. which position
Iie held for sixteen years until his retirement in 140y,

“The Iate Mr. Dowsen was keenly interested in the
muvernent to preserve our comuuony and open spaces,
and for some yvears acted as honorary surveyver to the
Heelings branch of the Commets Preservation Society
He also ook great interest in sanitation abd was for
many years & feliow of the Hoyal Swnitary Institute.

Turg Ranway Corue The following papers will be read
elore the dailw Club during the sesswen 1914 5
tember 1ath, * Bournemowth apd i1 Ruilway Fac
1.W, Bartlett 5 Oewdeer 18th, ** History of the Grent Cenienl
Inta ML¥. snd L.— Huilway.” by Rev, W. ], Seott + Now
12th, ** The Cheshire Lines Committee,' by Basi
Ucr(‘ml)rr Brh, ** Tlm Wert Highlund Section of the h:-rll!
Uritish Railway."” by J. B, Sherlock ; January 12th, 14105
* Railway \auonah-n 1: I8 it Desirable, Proctieable, or
Probahle 1" by J. F. tinirns; Febmary 9th, **The R of
Wales 1. Hopwoud; March #th, ** Angle-Beottieh

™ by H.
Train Services,” by €. J Allen : April 13th, " Charucteristics ol

Nwiva Koilwnya” by E. J. Miller; May 1lth * Sume Facly
Hmlwu\ \1:-,;-4 P hy C WL Putter nn(l .Fune &th, " The Ann
of the Model Re Thy Wo R

by Wo R,



Seer. 4, 1914

THE ENGINEER

the prices charged for the plant by the (lerman firnw
w the Chinese have sometimes exceeded by more
than 3100 per cent. offers for ensh made by British
firmw, [t stands te resson that such transuctions
were extremely profitable, provided always thnt the
purchssers were able to redeem their debt. ‘The
danger of such a method, however, is proved by the
fact that German banks have lent millions of pound-
10 the Chinese in this manner, and it is difficelt to
we how they will be able to get them back, uniess
(iermsny ¢an bring this war to a successful isspe,
The {rermans have carried on the same pelicy in
other parts of the world, and it is this which has
weured the trade to them to the detriment of other
aations.

The Puture.

[f the result of this war is to be the breaking of
(iermany’'s credit, some of those conntries which have
bren attempting to follow her methodn will no doubt
wodify their poliey.  Jt will thus be possible in carry-
ingen the overseas ttade torevert to themore legitinate
methods of the past before German methods were
inrodieeed.  The chances for British engineers will
ther be greatly improved, as machinery will once
wmin be sold on its merits.

Gne must not Linagine, however, that the destruc-
tion ¢f (termany- as a competitor will mean an absonce
of competition. If it eliminates the unfair element
in esmpetition for the overseas trade of the world,
that is &% much as we have a right to expect.

With the influx of work that we are bound to
oltain in thir conntry in the immediate future, and,
in fact, which is already coming to us on aceount of
the war, ] shall deal in another article, but we must
lear in mind that after the war, and when time has
made it possible for firms in France and Belginm to
varer for the world's trade sgain, the hands of the
mannfacturers  in  both those eountries will he
srengthened az eompetitors.  This ix quite as it
stould be. and with the accessions to- their territory
hy uhsorbing  portions of Germany. which we hope
will be the resutt of this war, many of the existing
tennan factories will in effect merely he working
uneler another flag,

Then, again, however much the map of Europe
nay be altered with regard to (erman territory,
the productive ability of the people inhabiting that
territory, whether they are to be called Germanxs or
anything else, will remain the same, and it is rearon-
able to suppose that if factories are destroyved they
wil in time be reconstructed or others will spring
up in their place,

The most lasting feature, therefore, in the suppres-
sion of what we are now in the habit of calling German
vompetition will lie in the breaking up of her govern-
menial methods and her finaneial credit. The
atwence of the former will put it out of her power to
we the fear of offending (iermany as a lever to get
itule in the weaker countries of the world. This has
tevn one of the most important of her weapons in the
mst. Whereas, without money and without eredit
herwlf, Germany will not be in & position to give
tose long terms of payment which have told se
Srongly against the trade of her campetitors,

dust as owing to  her diplomacy, Germnany
s alimated the friendships of practically every
mher countty in the world, so her methaids of
irading have caused her to be cordially detested,
nil merely by her competitors, but by her customers.
1 is for this reason that she has come to grief politie-
ally and commereially. 11 is for this reason that she
has ot heen able to create a trade for her goods
without  giving  facilities which it has oot heen
terssary for all her competitors to grant, but which
lave proved very disnstrous to British trade.

Some other Kuropean countries have been tarred
with the same brush as Cermany in their foreign
dralings, though they have been nuch kews fimport.
AN A% competitors,

Belgiwm, of course, has become a very formidable
ramgietitor 40 British engineering Arms in their over-
wis trade. Tt v not the time to say anything
miavourable to Belgiwm, for 1 take it that there is
nin 4 British manufacturer worthy of the nsine who
winld not rejoice to see Belgbmn on her fest to-day
ad i full possewsion of her industrial power ns a
wmpetitor.  Certain  Belgian firms, it must be
wlnitted, had come somewhat under the spell of
{ierman influence and consequently had, in co-opera-
ton with Germany, adopted some of the objection.
4ble methods above referred to in the conduct of
Their foreign trade. But it may be assumed, what-
“ver the result of this war may hé, that (jermano.
Ielian co.operation wili be & thing of the past.
Belgiimy, like France, is & competitor who turns out
ol stuff, and we do not grudge her her suecess.

A RECERT issue of the Journal des Transporta gave the
fllowing particulars as to the number of men employed
o French railwayn -—State, 73,127 ; BEst, 51,471 ; Midi,
H Nord, 56,548 ; Orleans, 48,600 ; P.L.M., Ré,124,
Rures were given in an ariicle ag to the number of
lists employed. and it appears that out of thix total
3136 employers there were 16,503, or 4.8 per cent.
ninbers of the Notional Railway Syndicate. These
urtienlars, ws showing that the French railwayman i not
o disontented mortal, are inatrnctive. but the main
imtereat lies in the fact (hat the proportion on the State
s s 9 per eent.

RAILWAY CONBTRUCTION IN SWITZERLAND
By 8. BERG. )
LAL BRANCH OF THE HODENS
TOGGENBURG RAFLWAY.
Nov. Vv

The general questions of large stone arches may be
divided into the following headings :—

The Working Qut of Stresses.—The calculation of
stresses and its cost is of course not & matter of
fashion. The modern idea &t least in Germany
strongly favours or advocates the very mathernatical
method of elastic theory, in spite of its shortcomings
concerning the coefficients of elasticity, and this
tendency has t6 be respeeted, though. of course, not
blindly accepted.

The old mathed of designing the centre line of
pressure passing through three points of the arch
has the great value of being very simple and clear,
and the well-known French chief engineer, M,
8éjourné, who hasw made & numnber of the greatest
maodern large apan bridges, uses this method or the
method of Méry.

One thing ought to be done from the first, viz.,
the entire arck should be deslt with. and not only
a strip of 1 m. broad. This is & method adopted
for the smaller arches of bridges with vertical or
nearly vertical faces, but as the big srched bridges
necesaarily have more or less strongly battered faces,
this method of the strip 1 m. broad gives an entirely
inaccurate result, as the sections near the impoats
become much broader as the span increases—even
upwards of 50 per cent.—than these at the keystune,

The wind preasure ought not to be neglected, but
consitered in the right way with all its influences.
which are by no means snsll in the case of the
bigger arches of 100 ni. spun or more, and if the pitch
is not stuall, they are of much greater importance
than the stresses set up by variations of temperature.

The Austrian engineer, Dr. Oerley. in his research
on this subject in connection with the great Solvano
bridge in Austria, finds that the stresses caused by
ternperature are-—

At the keystone + 2.8 kilos. per ag. e,
Al the imposts F 3.5 kilus, per sq. ¢m,
The Soleane bridge has the following dimensions ;(—

THE EBRNAT

Ter Caconnan

Fig. #

Span of arch, 85 m.; rise of arch, 21 m.; at the key-

stone, 5.8 10, brond and 2.1 m. thick; at the im-
posty, 7.9 m. broad and 3.5 m. thick ; the heaviest
stress worked out i3 51 kilos, per square centimetre,

At the Boleano bridge the remedy emploved for
preventing changes of temperature from causing the
masonry to crack was the following - - The joint at
the mpost F—2.—Fig. 46 -was made with a quite
smooth surface ; on this were laid three layers of
ashestos plate, together 9 mm:, thick, on which in
their turn the arch stones were laid.  The latter were
quite smoothly dreased on their beds. This impost
joint was continued straight up to the formation
level as a through dry joint (2--3), thus leaving the
two parts of masoney without any bond.  To fill this
joint asphalt felt platex were put in, and the faces of
the joint were peinted with cement mortar in the
uausl way.

As regards the factor of safety, there sught nut to
be much anxiety. From an economicsl point of view
it seems almnost ridieulous to use fuctors of sefety of
E5 or more. If we can rely at all upon the work we
are doing, we ought 1o face the risk of using a factor
of safety of reasonable proportion. Engessert recom-
mends a factor of sefety for large arches of from
4 to 8, and this seoms to be reascnable.

If for iran or ateel we use factors of safety from
4-5 then 4-8 does not seem too risky for stone and
cement mortar, as the stone arch bridge has the
very great advantage of its great maas, on which the
capricious influenees of the accidenta! Joad have very
littls power to act, whereas experience clearly points
to the contrary with iron and steel structures.

In connection with thia there is the question of
mnortar, which is ususlly teated in the form of cubes,
though it has been proved that in prismatic forma
of smailer thickness the resistance greatly increases.
For instance, & test-piece with a thickness of 2 em.
has double the resistance to erushing than hus & piece
with a thickness of 4 cm,  From which it follows that
the well-filled mortar joint has a greater resistance
than we usually reckon when ecalculating the results
arrived at by testing cubes.

Y No. V. appesred Angust 23th,
t Profeastn Engeaser. Heft G, " Zeltschrift fir Architectur und
Ingenienswesen,” Haknover 1007,

With a factor of safety of 6 there need ho Lut little
vfiort mmade to work out tho stresses minutely, It
may be desirable to do it quite properly and minutely,
but the engineer ought not to be culled upon to wait
for the result. If & stress of 90 kiles. per square
centimetre out of 640 kilos. per square centimetre
has to be corrected to 105 kilos. per aquare centimetre,
it renily does not matter, and with an approximation
of 15 per cent. tolerably quick results may be arrived
at. Further, it hns to be considered that the breadth
4 of the arch at the kevstone must not be under
certain limit in refation to the span L. Not only has
the wind pressure to be taken into account, but there
must also be soine margin in the breadth so that the
resultant force, which ix not, perhaps, in reslity
quite centrally applied, since it may come somewhat
outside the symmetrical axis of the sections, may not
too unfavourably influence the stresses. As with
long columns, there might be a danger of the bridge
bending sideways.

If the bridge has to carry two lines, the question of

b. if { be leas than 150 m., does not occaston trouble,
L4

but otherwise it seems that b_ _21__ in & limit, which
a

for stone arches ought not to be passed. In stone

bridges carried up to the present the limit of b :'.
e b

is not exceeded, au far as the writer is aware.
Centerings.—The question of staging is very

important, not only on account of itz great expensv,
but also by reason of the difficulty of designing and
making its  In crossing a very deep valley or gurge.
the centerings directly supporting the atructure may
easily be very extensive and correspondingly difficult
to makeif wneven sattlements are to he prevented. In
crossing river beds or other ground of a difficult
character there are foundativn diffieulties which
may 1nilitate against the application of centorings
a3 & means of direct support. In cases where grent
depths, difficult rivers, or soft ground heve te he
negotiated, the application of free bearing centerings
seems to recommend itself.  Froe bearing centerings
are, ay is generally known, used in connection with
spans up to, say, 45 m., but the use of this kind of
centering for spsns of more than 30 m. i3, as far ax
the writer's experience goes, not to be recommended,
as the system is not statically sound., and, at sny
rate, haz its Hmit as mentioned above, at 45 m.,
wheress what is required is a system applicable to
the largest spans, say, of over 100 m.

The making of large centerings demands very
skilled workmanship, and only good and thoroughly
trained carpenters cught mainly to be used for such
work. If suitable timber be not fairly easily obtain-
able the cost may well increase to such an extent as
to counterbalance the advantages of a stone arch.

The approximate cost of the centering of three
atone railway arches was as follows :—

il %5 | E =58
3, S8 [RdETE
$8| ZE EZER|FIE
Ed Lo =
i| £&8 B FHEg
I The Landwssser viaduct atl
Wienen, in the Urirsous Swit-|
werland. span of arch = 5§m.,
Burrow gange .. ... ... GO0 | 47,500 | 3700 | 14
2 "I'he Nolegno bridge, Austrin,
apan of arch = S5m., bridging
a diflicult Aver, wkich made a
prer, huilt by comprossed airl
work, neceasary, [t alons cost;
140,000f. Normal gauge... ..[ J208 | 280,000 | 8630 | 80
3. Thue Bridge No. 1. Ebnat
Nysslau, normal gauge ... 980 | 26,500 | HOOO | 25

The enormous difference between 1 and 2 is at once
obrervable. Not only do the span and gauge, but
also the difficult river make the Soleano bridge appear
expensive by compatison.

Stones.—The questions ms to whether the stone
{2} be not too expensive to transport; {(b) is of the
necessary weather-proof queldity ; (¢) does not cost
too much to quarry and dress; {d) is of the ultimate
strength required, have further to be considered.

Natural stones ag 4 rule have an ultimate compres-
sive resistance ranging from 1000 te 2200 kilos. per
square centimmetre—say, roughly from 6 to 14 tons
per aguare inch—and are thus far guperior to any
artificial stone, and, of course, also to concrete.
Experience—at least, that of the writer—shows that
excellent naturai stone is frequently, or at least not
sebdom, found on the railway lines in Switzerland.
A natural stone of 1200 kiles. per square centimetre,
—say, 7§ tons per square inch—ultimate strength is
frequently not difficult to work or too expensive to
dress to approximately the correct size, and, while
heing muech more reliable than, for instance, blocks of
conerete or artificial stone, it has the further advan-
tage of being 4 to 5 times stronger.

Making use of the Engesser formula: ultimate
compressuve strength of maxonry 4 strength of
utone + % strength of rmortar—-and, taking the ulti-
mate strength of natural atone aa 1200 kilos, per
square centimetre, of concrete in blocks as 270 kilos,
per square centimetre, and of Portland cement mortar
a3 360 kilos. per squate centimetre®, we get for

* Aa pointed ot above, the mortar in the iuil)'s has 2 much greater
resistance than is represented by this figure.



THE ENGINEER

Seer. 4, 1914

tuasonty twde with natural stone an ultinaste con-
Pressive strogth = § 12000 -3 w0 30 = G40 kilos,
per square centimetre ;) for masonry mnde with
conerele blocks ¢ ox 270 40 2 < M0 330 Kilos.
per square centimetre ; and, us the greator security
of the matural stene justifies s sinaller fuctor of
safety, we can mako thix 6 for natural stone and 8
for eonerete blocka. and thus get a pertubssible stres<
of 105 kilos. per square centimetre for natural stone
masonry, a8 compared with 41 kilos. per square
centimetre for concrete bluock masonry,

Cancerning the drcssing and size of natural stones,
there haa been a certain tendency te speecify very
accurate dimensions of stones for large arches, this
necessarily causing a considershle outisy in dressing.
‘I'his demand coriginated in the idea that the joints
must necessarilye as bnt arrow as possible. In he
great Solesno bridge in Austria, which has & span of
83 m. (say, 278ft. %in.), the joints were originally
fixed at & width of 12 o {(just under }in.), snd the
stones were very accurately dressed so ss to enshle
this dimension to be adhered to; but the joints
proved ton narrow, and were widened to 18 nun.,
which necessitated the cutting of & laver of from
6t to 8 aam. from 198 arch stones with a total area
to be cut of 250 wquare metres. The stones used in
the Soleane arch were of large size, wvarving from
0.2 10 0.7 cubic metres apiece, and were necessarily
very expensive to make and alse to handle.  ‘The
cont of this arch is stated to have worked out at 1itd.
per eubic metre.

The size of stone used ought, asarule, not to excerd
0.2 cubic metres apiece.  An average of 0.15 cubic
metres should suflice ; with this dimensien stone is
neither diffieult nor expensive to handle. If nureow
jointa are not insisted upon, we are able to moderate
the demands as to drossing and to tolerate a certuin
Intitude of dimension and form, thus bringing down
the cost te a reasonable figure.

The Joints,—The idea that the joints ought to he
made as narrow a9 possible possibly originated in the
quite eorreet, asaunption that the mortar part of the
arch waa the weakest part, and therefere should be
kept small. 'Fhis, of course, oniy was so when dealing
with natural stone, the artiticinl stone nat then being
much used for arch building purpases, The filling up
of the joints with mortar in & liquid state naturatly
called for narrow joints; but the use of mortar of
this consistency hus bheen abandoned for tha gnod
reason that to make the mortar se wet incurs the
risk of weakening it, and, moareover, one is never
quite sure that no voids have been left. as it is not
at all easy to get all joints so well closed that the
liquid mortar newhere finds an escape. A joind must
have a reasonable width in order that it may be well
filled ; but, en the other hand, it must not he too
wide, since, when bedding the stone in the usual way.
the mason using the trowel, mortar with a certuin
degree of moisture has to be used.  The really sound
wuy of fifling the jointx of greatest importance, viz.,
the radial arch joints on which the cinef forees ot
normally, is 1o place all the stones in position, dry ;
10 spuce them with tron wedges, and then to fill
in the mortar with a meisture similar to that of earth,
ramming it well down to such an extent that the water
15 squeezad out and appenrs on the surface of the joint.
Tu do this & joint of s rensonable width is necexsary,
and for this rewson it does not matter very much if
the joints be somewhnt wide and somewhat irregaioe,
as the mortar fills them in such a compact snd
perfect way, and is itzelf strengthencd by reason of
the ramming process, so that its resistanee is con-
siderably sugmented. According to the experience
gained in Thur Bridge No. 1, at Krummenaun, deseribed
above, joints with 8 variation in width of from 2 em.
te 8 cm.—2 cem. and 8 cm. being ahsolute ninima
and maxima—give the Intitude necessary for having
8 1ot too expensive rough square stone dreaxing, and
can be recoinmended for pressures of below 100 kilos.
per square centimetre. The stones ought, of courre,
to be thoroughly cleaned from dirt and stone dust
before being placed in the arch.

THE EFFECT OF AUTOMATIC SIGNALS,

T {ollowing fignres show the good effeat the provision
of automatic signnds by the Southern Pacific Railrond
Company has had upon its accident records :—
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Tt will be reen that, wherens in 1905, when the milesge
coiupprd with automatie signils was 1589, ur 3. 87 per cof

of the total mileage, there wero 18,71 acvitkenis per ittiv
engine mided run; in 1012, when the mileage equipped
haul inerewsed to 3216, or 360,95 per cent. of the tetal, 1w
nevients hod fallen to 6,67 per mitlion engine 1nites,
Uil 1, however, the eal advaniage had not hecame
appurent, for the accidents in 100G, 1967, noael 1908 were
higher than those in 1905,

ERITISH versus GERMAN TEADE IN LATIN-
AMERICA.
By ower Special Commissioner b Sontle Lirerica i3 19 Wand 111
Noo 1

Trovenrrrn Germans have long foreseen that
their conunercial sueeess inmost parts of the worl:
-—and il nobe thore notably than in Latin-America-
would exeite the attention and promote the eimdation
of their grent rivals, the Breitish. The bDiow has,
nevertheless, fullen in a totslly unexpected guarter,
for it was expected by few Gernans thet it would
assume the form of forcible svizure of their teading
vessels, and the ciosing of their ports by means of
a flect of hostile battleships 3 they looked rather
far it to come throongh political iBuences. Al
the efforts of the past twenty years and longer, all
the millions of goud marks expended—legitimately
and otherwise - upon buitding up a trade conneetion
for German nnufactures, wil the skifful diplonacic
exertions in which even princes * of the hlood ™
took part, all the high hopes cherished and the
bold prophecies ade reganding * the smashing of
the British trade in the Ameriens - adl silare conmg
to nought.  Already we, in conjunction with our
unslecping  competitors from the United  States.
are atteripting to seize the vaeant placen of our
whilom rivals, the Germans, ancd the chancees are that
we shall suceeed. I say ™ clances ™ advisedly, for
the complete replacement of a great  cotnereinl
nation tike that of Germany in the esteem and the
eustom of the Latin-Amerienn peoples is far from
the eusy undertaking that so mauy  enthuosinstic
writers appear to imaine.

Firat, let us study the markets to he attacked :
secondly. Jet un see how far we are in A position to
attack them ; and then et g consider whether the
Germans are, after all, so helpless ax we judge them
to be. I these and ether guestions see carefully
studied. and the experiences plready gained in our
lomg-sustuined stroggle agrinst Gerwan compietition
are made to serve a good purpose, tuccesd we shall,
While offering to British manufecturers every en-
courapemment, [ do not wish it te be aecepted for
granteds me se many  unthinking  individuals  are
inelined. that the battie will be easy, 1t is & difficult,
but not ai ansaperable task which we are undertaking.

German Trate in Latin dmerica.

In the case of Farope’'s most important South
American costomer—Argentina—the Germans hald
& particularly stroag position, one which has been
consolidated by padicions investrent in i dmnense
varicty of loeal vndertakings, fromm which no foreign
rival conld hope to eject thea. These enterpri
are ilss lrgely tinanced and supported by native
enpitalist, whilo in many of the large inporting
and distribiting houses in the republic in Buaenos
Aires, Rosuria, Mendoza, Santa 16, Cordabin and
clsewhere  Germnne eapital  is beavily  interested
and German influenee hes e e reckoned with, Is
it 1o bt assumied that beeaose the Fatherinnd  ix
at wnr with one Jmlf of the world, the other haif.
which has suffered frons no particwnr ennse of offence,
in to thlke up the ferd asdte own ¢ we are to fight
Germany in the commercial mnrkets of the workd,
it anmst be upon sonnder pround than the present
cmbarrasaments from which that country s suffering.

Froni a commereisl point of view, the Gesnans
eank next in importanee to the British in the Argeatine
Republie,  They  sustain there their  world-wide
reputation for extreme thriftiness gnd  enterprise,
and somwe of the Bnest and most prosperous establish-
inents bear Teutonic names.  Like the members
of CGernmn eommuuitios all the world over, the
Teutouic residents of Argentina dispiny Httde inclinn-
tion to travel rocinily Hevond their own immedinte
circle, but finaneiafly and conenereinlly their tentacies
reach to the extremse ends of the republic. There is
a powerful Geeman bank. a {ietinan chureh, more than
one  Gierimen "l'\'\'v“l)ll]ll’r. Rl‘ll numerous  Gesman
mamifactiring estabhlishments in Buenos Aires alone
ather cities know them. trade with them, and—
ns seems to be inevitable - condiglly dislike them.

Of tho total Latin-American  trade eonducted
with the whole of the worid, and amounting to the
considerable  winn of £762,422,887, Germany  par-
ticipated to the extent of LTR.950,913, while Great
Britain scored £12L.880.707,  Gernmny took o great
deal less fron Argentine than she sent. while Great
Britain bhoughit almost as miuch ax she sold.  The
distribution of Latin-American teade for 1912-- to
which yenr all the figures given apply —were approxi-
itely ax foliows -

W
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The proportions of Eoropean and United States

trwede condectod  with the ten Nurth Anerivan
repubiic Mixico, Custewala, El Salvador. Hen-
durnd, Niearngm, Costn Riea, Panama, Dominiean

Republie, Caba and Haiti- - owere as follows :—-
Nowrth JLISEN

:..\,u.m ddoliars,
1,264,607

Amerira,

Pereant, of whule
. . Lol

Fporty. dulln.
. 393,360,024

.. ZB3,005,903
L amTus 19y
¥ JL0U3 447

With regard to the ten S8outh American States—
Argentinn, Brazil, Bolivin, Chile, Colombia, Eeuador,
Fareguay, Peos, Uraguey and Veneziela--the pro-
portions woere ax follows :—

Nouwth America, 1012,

lmlmrh dotlies,  Percont, of whele
4

. FLHLE
ol .. la.ws
viterl His 2w, 33
Gomuny L. .. 14,42
“Prr cont. of sl
Totul bk
United 5 . --n,n:(:

Uuited K

Germnny E
Termman Trode in Arr;rn!ma

Having seen to what extent the Gerosns share
in the whole of the trede of Latin-America—and it
will be obvious that their posibon ik a strong ofie—
it will be of interest to examine mto their conunercil
Iiolding upon Argentina, and  take note of the
principanl nmrkets which they atfect, particularty
those in which they come iirta vielent commpetiton
with the United Kingdom.

Practienily all Kuropes countries and the United
States of Awinerica have increased their trade with
Argentina during the [nst five years, but Genmany
did better than we in actial inerease,  Thus bBetwen
1904 and 1913 this inerease has been  tolerably
steaudy, ax the subjoined ligures conelusively prove (—

L L
LI
| LR 2 ch e e
2 L L o s e e e e
1913

Tiritixh (rud:\ fnr ﬂu- SAne p rmd npnﬂ u!tngvtlnr
from the very considerable husiness carried on with
British pessessions, amonnted to the following :—

Ih: Ilnn-h

mee Lo L
mie L

S
W2 L e
i3 .
If we lnuk at [Iw I't’-q)(‘((l\(‘ pereentapes of the

n
+
g
i

comtries for these five yenrs, we see that winde the
United Kingdom decreased its proportion from 3238
per cent. in 190% 10 31,1 per cent. i 1913 Germm
merensed Dier share from 1407 per cent.
The exnst

in LI o
16,49 por cent, in 3 Progress W s

shown hefow ;

(K11
(RIRY1}
mil
192
nig

The German Gorernment and Trade.

The guestion will nuturally arise why we should
have fallen helund, notwithstanding the faet that
we st} stood abselutely at the head of all Kurapean
nations in the volimne of trade with the Argentine
Republic.  An auswer may be found in the excellent
arrungements which the Germans, aided and  en-
couraged in every manner by their Government al
hoine, eondtoet their foreign trade with the rest of
the worlna in competition. We may imagine, indeed.
the Tmperin} Government snving to the nmesufacturer
and shipper st Hunburg, Berlin, Leipsig and other
great centres of industry @ You get the custotners,
and we will do the rest.””  Certainly. the German
Gaverminent stande strongly at the hack of the
cotranercial classes of the country, and, while asking
for no share of the profits, lends the whole of the
economic resources of the Fatherland to
them.  Thus we see the railroads wnd the cunals
aperated  entorely in favour of German travellers
and Uertman goods.  To enable the latter to mext
foreign competition— which rerming unsubsidised w1
granfed no distinetive advantages—transportation
ratex are adjusted and re-adjnsted.  On the other

hand, no facilities are offered to German xhippers
if any bt purely German routes are selected.

The Germnn Post-oftive Department, sgain, reflects
the friendly attitude of the Government towards

iy tragers, expecially in connecrtion with the earryine
of samples whd the delivery of all printed matuer,
suely ax cntalogues, price Jists and somples. In fact.
the Germna trader s put te oo trouble at all either
in recriving or in shipping his gocs, He tony debiver
theu: to the pesrest railway station, nucked  fur an
exteeme part of the world, pay s tates, tuke b
receipt, and go away content with the knowledge
that in all hman probability those goods will le
defivered by German ships wnder 1he direction of
responsible German officisda and that in the evem

of wny neeidend taking place Letween tle time that
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| The 806 tons rest upon the piles, which at an a
BAILWAY CONRTRUOTION IN SWITZERLAND. !

By 5. BERG. | the horizontal thrust of the arch, and being =

I (RN AN . - svapere | % U 13 = 105 tons.  We have thus 663~ 106 =

T ““”V;;’:Lig;:‘;tﬂﬁr‘;ﬁ:‘\;m BODENSEE ns of horizontally acting thrust to bo taken by
No. VIL* |

THUR BRIDGE No. . |

ares normai to the axis = 4.3 x 3.6 = 25.2 square

was [aid down, This platforn

ngle!givan in Fig. 47

of 7} deg. produce a horizontal force counteracting : setved also as a foundation for the abutment of the

viaduct, and was made of such a thickness as not
go below the layer of sand and shingle on the righ
bank of the river, so as to keep it out of actual contaet
with the soft clay. The width of the raft, of course,
increased the area of resistance. By using thi:-
contrivanece, the passive resistance of the earth pres.

806 |
558 |
the |
i

This lLridge crosses the river Thur at km. 6.65,
and is of a totally different character from the first -
hridge already described. ‘The foundation level is |

only 6.5 m. above mesn water level, and of rocks

4
E

[ ——— Y 1A ]

Flg. 41

there are no visible signs. A view of the bridge was

given intheSupplenient in our issucof Aug. 28th.  The
ground on botk banks of theriverissoft clay,'snd on the

right side was covered with alayer of sund and shingle. '

As iron bridges, as s matter of prineiple, were to he

T e Emdemment

Fig. &

exeluded if possible, another stone bridge was arranged
for. The span was made 24.82 m., and the rise
3.68 m. Censidering the somewhat uncertain founda-
tion aud the small rise, it was deemed advissble to
make tho arch three-hinged, snd in view of the results

meires, or 538 tuns -- 25.2 square metres
tons por square motre 2.2 kilogrammes
square centimetre, which for ihis kind of =oil
far too groat sidewsys pressure, It is true that

23

end of the viaduct and the sdjoining bank eid in

sure of the adjoining bank could be counted upon,
though as a matter of fact this is not done in the
following caleulation, showing the improved statical
conditions. Moreover, the angle at which the pile
were driven was chunged from 7} deg. to 15 dep.
thus correspondingly incressing the horizontal thrus
of the Joad resting upon them—see Fig. 48.

Tome
Woight of the concrete = rafs = 74.2 eu. m. < 1-2t.% = 5%
Weight of load upon the raft = 140-7 ow. m. x 1-7 . = 2802

Totai ... e e e e e e

' Taking tha coefficient of friction between platfors and
a0ii ax 0-3, we huve—

Tts resistance = 328-2 » 0-3

T'ho laad on the pilos = 808t This with the wider angle
of the pilos affords a resstance = 80§ x 0-27 .. .. = 24
Total = 36§

! * 1 n buing doducted to wlivw fur buvyaney duriog luod-,
The area taking the horizontal thrust now being
i 286 3.0 - 12 x 1.6 = 36 square metres, we
i have & pressure = 663 - 316 - 36 = suy 10 tona jer
square metre, or 1.0 kilo. per square centimetre.
The dimenrions of the arch at the keystone are
|-1.33 w110 i and st tho impost 4,50 4 140
It will bo obscrved that the arch las a pecoliae
por ! furny, heing ws thick at one-guarter of the span as
is & st the impost, this being s natursl consequens
the | of the three-hinged wrrangemunt, in which the arch
\Mls ws two rafiers pincod ageinst cach other. L

N[ - -

===

1]

e e

Fig. 46—PLAN AND ELEVATION OF THUR BRIDGE, No. IL

of tho preliminary borings, the abutmonts were to incressing stability, but as there is only a connee
bo placed on piles. However, when the foundation | by means of the lust arch, it was decided that
was excavuated and the pile driving commenced, it | could not he counted on.

was of yet softer quality than had heen expected.
The following test was then made:—A piece of
square timber with a cross section of 320 square
centimetrea was prepared, and laid on the ground so
that weights could be applied to it. The load was
put on gradually with the jollowing results :

and the soil under and heside it, as the very

Loarling per Penctration into

#]. em. the groend,
Kilos, g

0-82 . .15

0-90 .18
21 . 345

i-52 ]

1-4 . it

Moreover, it was deemod
was found that tho materisl—very soft wot clay-— ! safest to disregord the friction hetween the abutment

tion | this type uf arch the hinges are by far the most
this | difficult part. They nsust be of the hardest and nuwt
resistunt pmtorial which can possibly be obtained.
and made very true to their theoretical form, Craaite
of un extra good quality—obtained near the 5t Uott-

wet

Sids Viaw.

These resuits were regarded as very bad, and, Sec';L‘?.['_‘“"

though no fear was felt concerning the vertical carry- i
ing capacity of the foundaiions which would be
mainly secured by the piles, there was considered ta
be a lack of safety ss regarded the horizontal com-
ponent of the arch thruat,

Taking into account the amount of buoyancy
coused by the water when covering the abutments
in times of fleod, the following figures were arrived
at ' —

SN .
Yue Encineen’

Fig. %—CENTERING DETAILS

The horizontal thmst of the arch —

2 ¥ertieal V. “ - 3UT b :
w weirht of the alm ment andd
the lod upem it = 470 b of frtetion wouldd be very sinsdl,
Totul 508 1ons

863 tons

* No.o Y1 appeared sepiember Sl

condititn of the soft eluy showed that the vocflicient. . lard Ruilway in the Canton Ticino—was used, aoud the
stones were very wecurately dressed,  Zine tewplates

In order, therefore. to secure the resistance neces- . were used for cheeking the forins of the hing plancs,
sary for the safety of the construction, the abutments and the Intter werv made as sccurntely as it was

were widened, snd a concrete raft—u plan of which is  possiblo; thet is to sey, they were made true with



.

[T

BN

AN

Skpr. 18, 1914

THE ENGINEER

277

an approximation of 1 mm. to 2 mm., a lirst-class
stone muson doing the fnal dressing.

The author ovcasivnally has had to do very accurate
work of this kind demanding very axact teinplates
Or madels, and has had the rather eurions experienco -
that the engineers i charge of the work have then
-“"I\"Pﬂ had to make the templates, as the ordinary
Wrtizana availnble, even tho best of then, were not
:‘L‘hla to work with the minuto acenracy required.
Fhe aceurate setting of such hig stones is alse not
4N fasy matter, as with a sinall work like the bridgn:
tnder consideration, guestions of econatay do not
allew any  expensive  or  complicntod  apparatus,
aul(ll accordingly the aceurata setling did not prove
Quite suecessful, but with the very flal curvature of
the parts in contact, this, appurently, did not de |
2y harm. .
Uhe form of the hinge stones was chosen aceording
1o the formulm of the German Barkchsasen, in accord-
anee with which the greatest pressures at the surfnces
In cantuct-were ;—At the key hinge, 70.5 kilos. per
square centimetre ;3 at the impost hinge, 75,5 kilos,
[T squnre centimetre ; and the pressires carrzed on to
the rwsoney by mesns of the hinge stones were ut
the ey 15.6 kilos. per sqnare sentinetee, and st the

ImposT H

T

0232 - --

" Tue ENCINEER

impost 14 kilos, per square eenfimetro—nall very low
JHressIres.
Ihe eost of this bridge as earried ont was as fallows :

Frines cont,
TG 10

1= ul eement
A -dev. m.oab 22l L L
eunerete in Portland eemeat
i nt 2.2,

ml cement 1

diation
1:5:10

en. m, &l 6. 22 .
BN R ITHITY ) P A
Ash in Portland cement,
Hinge stones of zranite
Asblar vanit masonrey, 158 oo m
Vault o 2
Vault drainimy apparatus, 4
Ntene filling, 80-5cu. 1n. at !
Smooth spunre hard stone, 197 en. m.
Edge facing stones, 476 m. at 5.0
Cement pipus, 0-60 m. diam
il ﬁﬂg-A m. at §-95f, U
Fur centering, pnmping, &6 . .

B, .t %73-60F
1t 40 GOI.

al 7

Total 67

4,457

The details of the bridge and the centerings can
ba seen in Figs. 49 and 50, while the hingo stones
are shown in Fig. 51.  The settlement of the centarings
during the building of the arch amounted to 60 mm,
at the erown. 'The movements of the arch were
olizerved by means of five bolts on each face.

The arch was made in two courses, and the eenter-
ing was not struck until the whole viadurt. had been
tinished, including the adjoining approaches, so asd
10 have the foree of resistance against the horizontal

arch  thrust practically complete hefore striking. ‘
From tha cloging of the Arst arch course to the striking ‘
of the centering, the arch settled at the keyatone |

S0mm.,nnd at the imposts 7 min. When the contering |

teelf was siruck, the rettlements were -—At the kay,

Smm.; nnd at the imposts, 1 mm. No horizontsl

cmwans of a funnel

For carrying out. the excavation for the abuiment
fonndations purmping with centrifugal puinps was
resorted to. The conereting was done inder water by '
As nuich of the shuttering wis
pulled out as possible, and eare was teken that all
foundatinn exeavation was quite closely flled with
concraic up to the surfuce of the ground.

The piles wero required not to descend more than
1 mim. at the last stroke.  All the piles were, ax A
mmtter of fact, easily drivon down to rovk.

Cdyeing wnd bivaching materials, cherie,

WAR ITEMS.

MaTorists who are willing te ennvert their ears into
ambnlanes vehieles at a rewsonsble cost are carnestiy
*
Anxeeintion and Motor Union, Fanun House, Whiteombe
street, London, W,

* - -

W oure infornud that, up to date, VI8 men fron the
works annd oibices of the Westinghouse DBrake Company,

‘movement. of the abutments could be observed ‘ by the Board of Trado cable from H.M. Conrul-Ger
seither then or lnter,

nested ta commimicate with the Seerctary, Antomnobile

- Rritish

1eral

at Shanghai :—"' Business may be wid to be more o lsn
at u standsatill,  The gitaation s geverned by the export
trade, which is held up; and money in kept tight prin-
cipally on account of this stagnation.  The (termans are
secepting expurt eargo, which ix heing deporited in - go-
downs, bt Chineae apllers ure at prescut without payinent,
This faet will undoubtedly react in favour of Rritish
i]][l'ri‘-“(ﬁ.”
- * «

Hrs Majesty’™s Conaul nt Milan telegraphs t!lﬂ.(‘ t_hr'
Rritish Chambers of Commerce there have reecived in-
quiries fromn local finns which are desir of purchasing
alk, marhineey.
dynamos, bieyeles, iron and steel, motors, carhurctters,
motor eycles, and cutlery.

* »

-

AN emiphatie denial to the atatement that they arc an
alien cormpany is made by Wm. Geipel and Co. - No aticn
ar forcign-hormn person s, they fay, ever been cannests
with them.  Their principal and his entire gtaff ave Fnglish
horn and bred.

* * =

In view of letters inguiring inte the composition of Illu-
Thomson-Houston Corppany, Lamited, which
Bave appeared in some papers, Mr ¢! Levix. the
mannging direvtor, sends s tho following partienlurs :—

INGES

Flg. 51—HINGE; {(STONES FOR THE SECOND THUR BRIDGE

Lk, representing upwarisof 28per cont. of the Company
narral establistinent, bave joined the colours,. Fhe West-

Cingheuse Brake Company, Limited, is payiog these men

hall cute woges, and hns apreed that all whe return to
them on the expiration of such serviee shall find their places
open for them.

. = *

We are informed that men are gradually returning from

| the front. where they were engaged to guared the neutrality
. of the country, to the Oerlikon Weorks, Swi

erland, and
that the factories are now working with approximately
hulf the inen and stafl on half time.  All tho contracts,
andd particularly thuse for British clients, are making good
progress, considering the eircumstances.  Transit and
export routes are still kept open from Switzerlund to this
conntry and others.

- -

Tu® question of the eourse of action to he puraued by
the [ustitution of Automolile Engincars during the forth-
colning scasion in view of the aituation brought about by
tho war has heen very earefully considered by the Council,
and as a result it has been decided that, in apite of the
ahsonee of o number of officers and other membera in the
service of hin Majesty and of the dillienltios with which a
number of firms are faced, it will ba to the best interests
af the induatry generally and of the Institution to proceed
with the normal work of the session and to hodd the usunl
monthly meetings. Tt i3 proposed that, n« far ar possible,
the pnpers to e read shall deal with the speeial difticulties
whirh have heen impored upon the antemobile engineer by
the war. anch, for instance, ns those connecteil with labour,
finanee, the reduction in the demnnd for pleasurs rarr. and
the imporsibility of ohtaining parts from abroad.  Papers
have already been promised on these linea.  The Council
also desires that these discusions shall be of the greatest

" possible valua to the industry generally, and in view of

the spocial eircumstances it is prepared to extend o
general invitation to all the meotings to those who are
wtereated in the manafacture of antomobilea or eom-
ponents, whether members of the Enstitation ornot.  Fuli
particulurs will be seat on application to the seeretary.

- » *

Tue following further information has been received

The eapital of the eompany consistz of 80,000 shayes
of the par viudue of £10 cacl and £186,215 of debentures,
Fhe shares are held by @ Forty-four Bugiish shareholders,
holding 16,458 shar cleven Freneh shpehaobde
holding 3109 slinres ; one Belgian shinrcholder, Jiobding:
K1 abinres; nime Ameriean shareholders, hnlding 64 5746
shores ; one Germean aharcholder, mesident in Calogne,
holding 343 shares; one Genpan sharcholder. resident
in Englund, holding 1141 shares ;  total, 80,0000 slinvres,
Nrither of these last two mentinned shareholders, ax far
aa is known, are i eny way connected with electrieal
mannfacturing companies, either hers or in Clermmany.
The debentures are held by 106 ahareholders, all resident.
in England and oll English, with the exception of e
French lady, who holds £2000 pur value. There i not s
single German in the employment of, or in any way con.
nected with, the company. The active hoard consists
of the following : J. F. Nauheim, who represents the
sharck held by Lord Rothschild in the company ; he laa
lived here ancst of his life, and hes been naturalized
hetween, thirty and forty years. George Franklin,k of
Shetticld and London, whe was at one time Lord Muyvar
of Shefticll, and who was chairman of the Nationul
Trlephone Company.  Owen H. Smith, who came on
oniginnlly 1o represent the debenture huldera ;. he is ane
of tha partucrs of “ The Proprietors of Hay's Whaer,
Limited.” F, Fraser, a Bcotaman, who is also the aceroiapy,

. C. Lusk, manager of the commiereial d(‘pnr(lm-ni‘n.
H. N. Sporborg, Uw chef enginerr: and H. €. Levis
the managing direetor.  The Inst three are American hory,
and have been in Enpgland from ten to twelve yenrs,
The other members of the boanl are: Three Amerienns
residing in New York, whe represont large shueelhiolders
und of whom one for many vears lived in Lnn(lnn.
aumely. C. A, Coffin, K. W. Ries, jun..and B. 4. Caralyn,
The two former are chairmnn and president respoetively
of the Ceneral Eleetrie Company of New York, the preonty
of which company and it predecessor—the  Thomsan.
Houston Copany—farming the original hasis of (|0
company, €. Burrell, an Englishman, wha hax spent
must of his life iu Franee, now living in Paris. 15, Pl
unuer, who is an American citizen, also living in Franes
Threse fwo are managers of the Compagnio Frangeaia.

pour L'Exploit des procéddés Thomson-Houston, wud
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ival, and the Clermasn conl syndieste, like the other
ssociations of the samme kind, hay persistently sub.
idised exportation. ‘T'here has been a big increasc
a the shipruent of (terman coal, mainly in competition
cith British coal, these late years, and in the last few :
1onths before the war (iermany was exporting con
t the rate of nearly 35,000,000 tons a vear, hesides
oke at the rate of 6,000,000 tons. Naturally, the
:ar seriously interfered with our conl exports, amount.
ag in volume to about double those of Germany, and
ractically suspended those of our rivals. In the
irst month of the war—A t—our British coal
xports declined by 2,750,000 tons. Two-thirds of
hat losa was represented by the suspension of our
xports to France, Germany, and Russia. To Italy
war exporte declined by more than 200,000 tons:
¢ Belgiwm by more than 100,000 tons; and to the
jeuth American Republics by 250,000 tons. Now,
vith stocks of coal held by foreign consamers and at
he various coaling stations depleted, und with ship- |
ing facilities and freights resuming something like |
wrnal cenditions and terms, swnd with our greatest
ival, Germany, knocked out of the race, we can lock
onfidently to a very early reswnption of the bulk
f our own business, plus a large share of the trade
ritherto done by our continental competitors, whaose
woduction of coal, as well a8 the exportation of it, ix |
cery geriously cut down.  About ihe only st‘rious;
shstacle reinsining in the way of our coal expnrt.‘
sasiness Bs  the continued lack of international
«xehange and tho difliculties of arranging pa_vumuhcl
‘romn abroad.  ‘Thanks to the Navy, nearly the whole |
if our trade avenues are open, insurnnces and freirhes \
1o longer stand at prohibitive Jevels, and the general
uternational demand for ceal i steadily assuming !
stdinary proportions, inguiries from abroad inereasing
ailv. The Government's general propesals for mweet-
mg the exchanpge problem ereated by the war wre
working very satisfactorily ; but the case of the conl
trade is somewhat speeial.  Such being the ense, the
Newcastle Exchange st once appointed an advisory
ammittee, which has paid special attention to this
juestion of payments, A deputation has interviewed
the Treasury and suggested that what is needed to
iacilitate the exportation of coal is an arrangement i
wheeely 1noney due te coal shippers ean be first
«llected and thew deposited abrowd to their eredit,
the  Govermunent  issuing  against  these  deposits
wrtificates upon which bankers here anay gront the
weeessary cash advances.  The deputation jus been
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RAILWAY CONBTRUCTION IN SWITZERLAND,
By 8. BEKG.
EBNAT-NESSLAU BRANCH OF THE BODENSEE
TOGGENBURG RAILWAY.

Nu. VIIL*— {(Lonclusion.)

an iostunee of a cheap method of taking a

THE

capacity of ground, if of clay or mixed with clay,
tins to be dealt with, the following experience may be
cited :—The turntable at the Nosslau Siation was
designed with a pivot foundation 2m. x 2m. The
ground consisted of ,very ssndy clay with = little
ndmixture of conrse gravel. The pressure, being
ubout 2.5 kilos. per square centimetre, wus COI-

Flg. 52 ~BRIDGE AT Em. 178

arched hridgo at ke 1,780 -see Fig 820 10 is
wide and 3.5 . high, the Leight of Lank ix 6.3 m.

Section-NN

“railway over u rond, mention may be nunle of the s sidered not to e exceessive, but when the turntable
do

cune t0 by tried the foundation block was foreed

sdown ut o rapid rate. Tho pivot, being adjustable in

Section or Axisg

Section C.D
< From Chmat Sradient 2255 Ness/vu~

S:ction A.B.

bessisy CraciomtB 268 fromebtmatn

Frgm Ebnat

Fig. 83—BRIDGE AT Em. 178

Sman S¢

rteously resceived, and sympathetic and immediste - Details of the bridge are given in Fig. 53, and the height, was then lifted, but the block went further
wnsideration of ite proposals pramnised. Thero wre \ cost as carried out is shown below

#%d grounds for believing that s scheme on the lines |

;““e@tﬂi mey he introduced any day now. If this |
¢ done our trade, notwithstanding the closure of the .

“?Mlt. wil_l soon attain a volume at least equal to
o Prevailing before the war.

sand shield, invented by Mr. Bowen Cooke, the
mNht}mcal engineer, and Mr, Nash, the shed foremnan, !
“,m‘:‘”e. 8 now being fixed on the London and North- '
e l{)lll locomotives. It purpose is to obviate sand
hm;':”hﬁwn off the rails by a side wind and not prasing
et ‘h:‘l’eud of the wheel. Except thal in this arrange-
hee) Lhmuuﬂ_'l of the sand pipe is corried close up to the !
and ¥ @ ordinary sanding apparatus applics.  Davies,
elealte, Limited, of Romiley, aro the sole licensces, |

A Nkw
thief
at

Francs cent.
Exvavation of Foundatiors, 173 en. m, at 325, I 4
Foundatiol cotersto in byde, w1255
108-Sen. m.oat Y8245 0 . . .. .. 1878 M
Filling conercte in Porthd cemont 1
9-5 ou, m, nt 20.52, . o
opercte® in Portlind cemient 1
al 208 L L pol- R
Vuult concrete in Portland ce
L3040 L L L 1153 10
H1-7 =) moat -850 M7 %
Extra for stying .0 .0 0 L L L SO0
Total .. RIS 0D

* The contractor actuably preforred t employ rabble nsonry, ‘
As an instance of how cautiously the carrying

* No, VIL. appeared September 16th,

| down atill, and the limit of regulation was reached.

Consequently, the foundation had te be widened,
which was done by pulting in crossways two paire
of rails let into the sides of the block, and concreting
all around, thus making a bearing aren of 14 square
metres instead of the § squere metres. This reduced
the pressure on the ground to less than 1 kile. per
square centimetre. At the same time the turnisble
pit wis paved with a layer of concrete.  Altogether
the pivot block had gone down rore than 10 em.
At first it was thought that the movement would
800N coase after a certain compression of the ground.
but there was no sign of its ceaning, and it went on
in an almost incornprehensible way. Looking iuto
the details of the matter, it was found that it had been
raining very hard for three months previously, and
the drainage of the turntable pit had been neglocted,
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s that tho water had collocted in the pit, and as it
could not get away by reason of the sido walls, it
had waterlogged the ground, and decreased its carry-
ing cupaity.

To try the carrying capacity of the ground, a
hole 1m. deop was dug in the pit. An iren bar
with a diameter of 24 mun. snd weighing 8 kilos.
(17.63 lb.) went down 8 mm. when the weight acting
was 1.8 kilo. per square centimetre, and 130 mm.
when the weight applied represented 8.2 kilos. per
square centimetre. After this a similar piece of
ground cutside the railway embankment, where the
rainwater hod had no special chance of gathering,
wasg tried in the same way, with the result thut the
bar went down 24 mm. when 2.4 kilos. per square
centimetre were put on, and 75 mm. when 7.2 kilos.
per square centimetre were applied; these results
clearly showing the special influence of the waber in
the turtable pit.

The equation for the transition curve is y = 6 :: P
1= r _exv

i g xR

The superelevation begins at the commencement
of the transition curve, reaching its full extent at
the end of it, and being equally distributed on both
raiis, the outer rail being lifted and the inner rail
lowered, the middle of the track remaining on the
line of gradient.

The gaugs was widenaed st the curves to the follow-
ing extents :—

Curves of R = 500--200m. ... i mem.
o = N0—700m. . 10 mm.
o = AU0—475m. . 15 mm.
o = dA0-37Fm. .. 20 .
o= 20w 25 .

! '
i The widening had its full value at the commence-
i ment or end of the circular curve, being brought

ings, is 156 kilos. The rails were fastensd 1w th
sleepers in the usual way except thet spring washer.
were not used. Moreover, special spring-phate washer.
were employed at the fish-platesa—see ¥ig. 55. Thx
spring plates seem to apswer well. Iron sleepr
have their advantages, but in rnost cases thev
not 0 cheap as creosoted pine sleepers, and .
expense of maintaining the perrmanent way is graur
when they are used, especially at the commencemery:,
when the ballast bed has not had time to seii.
They ars also much more easily damaged in cases of
derailments.

Owing to cettain difficulties in the execution «i
the work, the ballast applied was of a class rather
different, from what it ought to have been accordiny
to the specification. Puddingstone of very var
size was to a great extent used, and this kind
irregular bailast does not, of course, adapt itself |
to the sharp-edged steel sleepers, which easily beeane

Now, it will, of course, be found that tho greater
the carrying area the mere pressure the ground will
stand, and the results of trisle, which as & rule are
made with sinall carrying arcas, may be taken as
safo data to work to. It is astonishing how well bad
ground can stand & fairly strong luading.

Quite close to the station of Nesslau & mountain
rivulet is erossed with an arched bridgo of 15 m.
span. The bridge is 9.7 m. broad, as it has to carry
two tracks. One abutment was founded on sandy
clayish soif just of about the same kind as that below
the turntable, and very wet. This materinl was
loaded with a pressure of 2.5 kilos. per square centi-
metre, and the foundation did not ahow shy sign of
yielding, whereas the ground in the caso of the turn-
table would not stand the same pressure.

As showing the type of station ernployed on the
line, we may refer to Fig. 54, which shows that at
Krummenau.

PERMANENT WAY.
Transition curves were used as usuul. The maxi-
mum velocity was fixed at 50 kiloins. an hour.
With R = the radius of the circular curve, |
I = the length of the transition curve in

. metres,
& = the distance hetween centres of rails
= 1.50 m.
v == the velocity = 13.80 m. per secend,
A == the superelevation of the outer rail,
P = & constant, being:—

For R = 200 tu 430m., 900}
vs = 501}, 10,000
" = 60u, ... .. 12,000
s R o= 5000, ... ... 100,000

Fix. 4—EUMMENAY BTATION

down to normal gouge in steps of 5 mm. per ratl
length. Thus, if 20 mm. widening be necessary,
the widening is distributed on four rail lengths.

In setting out this railway it was in places found .
difficult to gob in strsights between the transition

i

unsottled on their bed. The writer has seen loow
rock, only broken up to a small extent, affording an
extramely rough largo-sized ballast, but answering
very well with wooden sleepers, which, of course, are
much more casily kept atable than atecl sleepers,
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applied being 8 m. long.

The permenent way is laid with steel sleepers. |
The rails weigh 36 kilos. a metre and the sleepers
181.86 kilos. each. The rails are 12 m. long and have

for each rail length fourteen sleepers on straight
lengths or curves of more than 400 m. radius, and
| sixteen sleepers on curves of less than 400 m. radius.
The total weight of & metre of track, including fasten-

Fig. 55--8PRING PLATE WABHERS2

curves of the reversed curves, the shortest straight | and if English engineers and railways prefer wooden
sleepers, the writer thinks that they are quite right

TESTS OF MATERIALS,

The mortar used was either so-called hydrulit
lime or Portland cement. Hydraulic lime canne!

really be called hydraulic, as its hardening is veff

dependent on the degree of moisture in the 8
Under water it does not harden at sll, and if tht
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temperature be low, vot above freezing point, and
the air damp it dows not barden st adl. Then when
dry, warm weathor cornes it may harden oven after
having remained soft all throngh a winter.  This
is what happens aa a rule, but there are exeeptions,
the mortar sometimes acting better and sornetimes
worse.  Now it is clear that it may eaxily happen
that mortar may he required to set hard and give
strength very shortly after it has been applied.
For instance. all retaining walls which are seriousiy
stressed, 88 8 rule, receive this stressing st an early
date after their construction. lIn such crses it is
much better to employ Portland cement. The ditfer-
ence in cost is only small, if thers he any difference
&t all, a5 we can use a wesker mixture than with
hydraulic lime, and still be certain of a much greater
resisting capacity and a reliable mortar.

Mortar made of 1 part Portland cement to 4 parts
of sand will for ordinary werk answer exceedingly
well, and even a mixture of 1 cewent to 5 =and, 1f
the 1mxing be done well, will give good results, and
1 cement to b sand is not more expensive than 1 Lime
to 2} sand. From time to tine swmples of cement
were taken for testing purposed, all the testing being
carried out at the offivial Federal laboratory at
Zurich. Samplea of conerete were also taken and
made into cubes so that the ultimate strength of this
materinl might be tested. I[n all cases concreto
sumplea were chosen from mixtures, where either
the sand was dirty or not at alt of a first-rate character,
or, for instance, where concrete was mixed with salt
to prevent it fraezing, 0 88 to get at the strongth of
the moaterinls under unfavourable cirenmstances,
which easily oecur. The samples were taken without
warning to the contractor in order to deteet any
unrefiable mixing. The results obtained were, under
the circumstances not st all bad, this being mainly
dus to the good quality of cament used.

COMPETITION WITH GERMANY AND
AUSTHIA.
CoNTINGING our sunumary of the reports recently dssued
v the Commereial bteligence Branch of the Board of
Trade, wie tuke up ene dealing with

IrON AND STEHL Wirs.

The wire here dealt with 8 of many kinds, including
milled, druan, galvanised, foncing, barbed, snd aninsulated
cletrie wire,  We feel by no imeans certain that the
figres for the three eountries wre strictly comparable,
but, quoting the report, we find thit the Germaa exports
for one yeur are valued af £3, 5, Austrins at €4 300,
and gur own at ELUSE 0% The United Kingdom is by
far Germany’s beat market for this cless of trdle, our
nnporty being valued at £6431000.  More than holf this
figure is accounted for by our imperts of rojled wire.  To
dapan, Gerinany sends wire to the value of £275,000, of
whicltsum 87 por cent. represents galvanised wire, Argen-
g takes £2068,000 worth of German wire, 90 per cont.
uf it being galvanised.  Australia and New Zealand also
prwide a good market, their imports of German wire
ling valued st L£188,000, two.thirds of which stand fur
plvanised wire.  In comparizen with these fHupures Great
Britain's export trade is unsatisfactory. "o Anstruhs
and New Zealund we send wire to the same value as
Germany.  Qur exports 1o Japan are not 6 per cent., aud
our exports 0 Argenting are burely 32 per cont. of Cier-
many’s,  Germany also surpasses us in British fndin and
Malpeea, Denmark, Roumania, Switzerland, DPortugal,
Norway, Brazil, and Urnguny in ¢uch case by a very large
wargin,  In Bouth Africa, while the cemnpurative ligures
shuw sl adyvantinge to ws, 3t appears thal last year Getanny
very considerably extendded her trade, particulsrly in
fencing wire, the market for which is very brisk and growing
onagnitade.  Americnn nunafact urers, ioweyvoer, sur s
buth Gorman and British in sopplying South Afries’s
demand for foneing wire.  TParning to Australia, we find
s probable explanstion of Germe success in the fact
that the aversgo value of Germian wire-—excluding barbod
wire—wua ghout U8, per owt, whilo Hritish wire was
da. dearer.  The motes on cortein specitied markols given
i this report are purticulurly worlhy of nitrntion.

Iaok of SteeL Screws, Nalls, BolTs, AND NUTs.

According to this report, there ig approximate
equality in the tatal value of Cermany s mud Great Britnin's
exports of the goods specified, the German figure being
(L24L,150 sud the British £1.201 4000 The Austrian
exports are valued at but £36,200. 12 may be noted that
the German tetal includes a sum of over hall a million,
representing tha couniry’s exporty of wire tacks, wherews
there isno curresponding heading in the British total, There
wre further indicationa that the figures quoted are not
stactly comparablo. It appears, however, that  the
Australian, Indian, and Sonth Africun mackets are clearly
in our hands, and that we hold more than half the trade i
Fgypt, China, Brazil, Argentina, Chile, and Cuba.  1n all
the important Furopran countries, in the Btruits Bettle.
nients, Duteh Koat Ludies, and Jupun, German manufse-
turess huve the upper hand.  With Russia Cennsny does
over four times as much trado as we do. Holland is
felumed a8 being (iermany’s best customer, although the
perustence with wihich the Netherlands appesr in this
fapacity in these roports mokes us doubt whether or no
Germany s exports through Holland are classitied both as to
Hollund and to their Hinat destination. The figure given
fur the Duteh trade is £98,200.  Qur exporls to the country
a6 vilued at £24,610. Germany conducts B very large
trade in wire nails with Jupan, and one in screws, bolts, and
Tivets with Italy.

ANCHORS, (GRAFNELS, AND {HAINS,
Bntish anchors and grapuels weern to hold simost

* The iignpres ynoted herr andd throy
tidn relate
Telate to 191

t aut, this article for the German
1o the year LNZ, while those for Austria and Great Britan
8

undisputed favour, the

wparts being valued at £240,400,
ws enmpared with Genmany's figure of £22.0000 As £
chuing, the figure given for this country’s oxport trade is
£346,800 pud for Germmny’s £1455000  Austria exports
ne snehors and but £11L45710 worth of chains, Tho best
apening for Britsh chain makers would apprar to be in
Russia, to which country Germany expuorts goods to the
valae of £10,404),

R

In our msue of Augudt 28th we published an article
dealing with the German locomotive trade.  The report
now before us forms an interesting peorollary to that
arrieie, Wo muy say at once thadl the Austrian cxports
of loeomotives aro negligible,  The German expurt figures
are given for the yesrs 1912 and 1913 and for the first six
monthes of 1914, In 1912 Germany exported Yocomotives
to the value of £1M57,500, and in 1913 to the value of
£2,712,100,  British exports were wvalued et £2,137,200
and £2.781.911. Thus buath cowntries inereased their
exports, but Germany mnehinere ko thaa Britein,  Duoring
tho fiest six memiths of 1414 Gernmany s exports were valoed
at £85U9,950, as compared with £1,183,350 in the first six
months of 1913, The German figures are set forth under
four hemdings, nanely. (1) tender locomntives weighing
10 tons or Jess, (2) tander locomaotives weighing over 10 tons,
(3) lucomotives without tenders, snd (4 locomotive
tenders, is perhaps significunt thet the drop in the
figures for the first six months of 1914 i3 very largely
neconted fur by a decrease of 97 locomotives i Lhe second
class. 1t mny aiso be anted that the cngines of this class
sctually exported had an average weiplht of only 23 toas,
whereas for the first gix months of 1913 tho average weight
wus 36 tons ;: for the whole of 1033, 38 tons ; and for the
whole af 1952, 35 tons. Compurng (he Germsn export
trwde of 1912 with the British of 1413, we find thut thin
corntey holds an overwhelmingly strong position in India
nad Avgentling, sud has done well in Hollund,  Germany
wopredominant in France, Spain, Daly, the Bualkans,
Russia, Duiteh Bast Tadies, Ching, Jiapan, Bragil, and Chile.
In Scandinevie,  Desmark, Belginm, Tunis, Moroveo,
Ewypt, Korea, Jupaz, and Caba her position is slso hetter
than ours.  The notes on certain of the markets should be
of great interest to British locomnotive builders,  Wo may
bricily summarise u few of the mare importad points . —

fritish South Afriva.—What groviud we have lost here
seems to have been taken from ue by the underguoting
of the Germang,  As an example, the case of ten juco-
atives ordered ultimately from Cormany ab a price of
21 ench mny be quotied. The lewest Britikh tender
amommted to £6513 fob. Glasgow and the hiphest to
L7100 fob. Birkenhead, By placiag the order with the
Cermans the Government Rinlways of Sauth Afrien saved
o total sum of £13,350.  Late delivery secms also (o be a
point against our manuiacturers, although it iy not speci-
firnlly alloged agninst the loconotive builders,

Eygpi—During the tive years preceding 1912, Fuypt
imported 113 lecomotives, 48 being from Hritain sud
&4 from Germany.

Npaen——Lovoraotives weighing over 33 tons are bought,
it serms, principally from Gernmany, Britain suppiyving the
lighter engimes,

Houmenia.-—Thiz country seems worthy of more atten.
tiom from our builders than it appears to obtain. For a
rocent  contract  twenty-eipht manufacturers  tendered,
only one of whom was British, L State Ratlwnys have
reeently ebtained a new credit of £640,000 for their various
requrements.

Ihack Eawut Indiva—In the locomotive, as in wther
industries, Germany  recopnises the importance of the
Duteh Eust bndinn market.  On the Juvae State Railways
#5 poer cent. of the locomotives are of German origin and
onty 28 pereent. of British. On the t Conat of Sumatre
Ruilway all the G5 engines in use aro German,

{'osta Ricn.—Two lank and two tender Jocomotives
revenddy acquared Srom Germany are said to be giving
entite satiafaction. ‘T'he costs were sa foilows :—Tunk
emrine, 33 tons, £2125; tank engine, 43 tons, £2430;
tender engines, S0 tons, £2350 ench.  The engines were
paid for in twelve monthly imstabinents,

Argenting.—The following ix cquoted fr
consulnr report t—" In L$#10-ELE tho

£ LovoMorives.

M A AINCTicsn
wortnent  pur-

i
chased 130 locomotives, of which 0 were German ami tho

bdnace Knglish,  Tho English locomoelives were made by
u coneernt that underbid the Germans, but without prolit,
ws the order wis taken wiinply 1o keep the faetory going,
[t is expected thut the Government will agnin eall for bids
in 1914 on anather erder for Jocomatives.”™ 1t pight be
inferred from this thal our trade with tho Argenline is
i very prosperong.  Nevertheless, i ig stated eanrlior
m the repurt that in 1912 German locomotives were
rxported 1o the country to the value of but £76,600, while
cur mwanfacturces in 1913 executed orders 1o tho total
valne of £605, 660,

(hina—Tho locomotive industry seems hore o have
good prospects, but it is stated that it is imposable for
e to compets for orders without havang finaneisd interest
in the railway undortnkings,

Japar—We stem to bo losing geonnd in this conntry
to hoth Germany and Amerten.  In 1811, 8 loromotives
woro ordered, 24 from the States, 24 from Germany, and
12 from Mritain.  In 1912, 54 goods locomotives of the
Maliat type were ordered, 42 from the States and 12 from
Giermany. The engines were of the U 8-8 0 type, with
tanders, and the prices quoted were ag follows :—

£
Henwhel uned Sohn .. .. .. .. . PR G1)
Haldwin Locoinotive Warks PP ek
American Locomotise Company .. ., ., dren

Cy¢LES AND PARTS THEREUE.

ireat Britain leads easily in this field, the total value
of her exports heing £2087.200 ta Germany's £5,335,500
and Austria’as £4700.  We kead both ax rogards cycles and
cyele parts. Thus of romplete eyeles we exported in
1913 gouds to the value of £6U9.500, of ruhber tires
{sepurately) L41§,5000, and parte of meinl, loather, &c.,
1,066,200, The corresponding Gentaan figures for 1912
were  E347.20H), £288.800, and  £745,500  respectively.
Ciermany does & very good trade i this country in exele
parts [€64,2508, and in tires (£43,200).  Complete oveles,
however, represented only L300 in £1912. Her best
customer for complete cycles is Holtad {1), with Russis
socond.  Denmark is her best market for cycle parts.
with Holland just a shade Lebind, Helland s firgt as

regardd tires. In oy parts of the world American
rompetition s moro seriots to us than German.

Mator CyeLes.

Here, /g

Britain lesds ensily, the exports of the three
Ny i— Beritadn, £735.300 5 Germuny, £1214.6800 5
A, £5G0G, Other causes than Towaess in riee have
vlenrly at times an intuence on & country’s export Lrsde,
in v-kpi!@ of whnt wo are s frequently teld s Germnny s
seeret of suceess,  Thus, in the nedar exels trade, the
dearer the machines the mrger the exports seemws to he
the rule. I avernge price of the Awstrian motor eyeles
covered by the returne works out at £36. of the Goennan
machines £40, and of the British actually £500 The
German trade with (reat Britain is sondl, bring valued at
only £8030. Germany lends, however, in Scanudinavia,
Denmark, Portugal, Rownania, and Hussin,

Moton Cars AND PARTR THEREOF.

In the motor ear trade, according to this report, we
tuka eecond place tn Germany.  This is probably nx-
plained by the fact that the British returng exelude matoer
tires sold separately, while the CGerman returns preaumady
include tires under the hewding of * other parts” The
ditfertre the manuer of preseating the returns s oo
grest to permit of any salisfactory comparizon heing made.
We will thervfore gnote the statistics in full :—

Exporta from Germany (1912).
Nu. of

Passenger cars (
A mnpercial cars i
Maolar cat parts—

Fding chastsy .,
Tsdiyg ehagein)

d

©. of enry, KC,

Parseneer eark (incledinge choswie)
Comme i vhagsiy)

) enrn dinelu
Fangines for molor vars. . o0 4y

Total .. .. 0 ee e e —  ae L ZEAUM

Ecports from United Kimpdom (1913).

Maotor cam Gomplele) .. ..
Motor chawiv .. .. .. . ..o
I'atls O molor cats (except tirew) .. .. —

Total .. . .. ae a0 e =

e
FESLRTH
RTINS

1t will be seen fron: these figures U the nvernge pries
of & Uennne passeigger motor oar is shout £410 and of w
sman conunerrind  vehicle a0, The corresponding
Austring fignres are £650 and £6850,  The gigures incthe
table, however, include an unstated mumber of moter
chnssis, 30 that sheir average pricesare anly browdby corzect,
‘The average price of & Jritish car, passenger or connmereinl,
works out’ at £315, while the avergre price of a British
chussis is £380.%  In view of the differences exssting in the
manner of meking the returng, it is unsatisfactory 0 com-
pare the ons of the threo countrics in the markets
of the world, 1t appears, however, that Germany s pri
cipal market is Russia, followed by Brazil, tho United
Kingdom, and Argentina,  Austria’s g A:pnl minrket,
and the only one in which apparentiy =he QUL serions
conpetitor, is Bussin,  The whole of this report—it runs
to 38 pages—should be earefilly studied by our pator
vnr nmnufaclurers, as shoukl two special roports drawn
up by the United States Consular oiticers, copivs of which
mny be inspected st the Commercial Latelligence Brameh's
Otftieer, 73, Baginghall.sircet, B0,

2

Tie Jusior INstrrerion oF Esuivsens, - The Connol of
the abuve Institution hos clicted thin Marguress of tmloon ns
4 Prosident for thu yoar 1H4=13, in succvssion to Sir Boverion
cdwoud, Bart, Thu Vickers Frize, conusting of ngokl meinl
sod promiwn of instrunents or books, has been awanted 10
wpies Hichundson, A-see M. Inst. fur his poper on
sl Enghes @ Their Develepinent for Marine

whandson has al<o been fortunmte cniongly W
seeure the lostitution Medud for the w paper. T
awnrtls of this lostitution bave not yet been sononneed.,

We are wsked to state that in
tu frrm an Lnstitnate of U
f Hritish trude, 8
in Lemclon, un Thiesday,

INsTITUTE OF COMMERCE
T i 1
represgriing ol the specudised et
i will b held st the Savey Hote
Oetohber Btly, ab 2.30 pan., to cunisider quesianis meocane
with the moevemwent. Wo are informed that invitstioms o
attend the meeting are being issued (a the ehsirmen, direetors,
sl soeretares of the vareus Fritish trade assocmtions,  Applic
entions for ticketa from trule organi-ations or their dolegales
shuould bo addresed to Mro J. Taylor Peddie, Exhitation Bkl
ing, Aldwych Site, Strand, W.C.

IxsTiteTE ov Mantse Exaxesas, At the Institute of
Marine Engimvers, on Monday, Seprember 2=t w demonstration
wis given of the Amalgaline system ol metul gointisgs by Mr.
Har the inventar of the proeess. Befope giv the dermen-
stry Me. Hunlen road aoshort paper im winelt e staled thst
the provess effceted a complete fuacn betwesn the surfiuces
joined.  In maring wark the principal vses o which the system
is applicd are the Annging of pipes, the seamigg of lead wsed in
relrigerating ehnbens nnd getel sanitury work.  The system
of flanging wan lizst adopted by Messrs, Doxfurd. nf Snudrrdud.
andk the proesss is mow in genoral use among shipbuilikers on
the Clyde, the Tyne, the Tees,and the Wear. The sysieia iy
not confinerd to the v of signdl pipes, hot sa used i an ordinary
wany on pipes varving in bore from 3in. te tine Like ead
Iuikning, 3t is &n autopenons provess, but instead of usine an
intenso liend hont the [usion is cffected by the notion of the
Amualgalino an the surfaees b s in wimtaet with, funming an
amelgamation hetween the lewd of the thinge antd the hast papee,
The raterisl wsed i the form of & metalle ribbow i2m. i
thickness, practwsliy B pure metsl, whach, when placed Tetsween
the surfaees of lend nnd subjected to hest, fuses at s temperainrg
of 140 deg.—lower than the actunl fusng point of lead- -and
in fusing 1t canses the lewd surfeces woran wpether wtos lower
melting point than thet of the by of the lewd, T
together hns na aulogenous elffeet, wl by dntel
absorption the wnute particles of Amalgaline are ssipated
into the budy of 1he lemd, w by reawon of the abaorption,
becoines stronger at U juncton thinn clawhere, Demnaonsten-
tion= of Aanging and various other wses of e process were giver.

t That the averayge price of a Jritish chassin comes
average price of & British rar sonplete imay Be explu
tion thal awr expart trude is coteiu: privipally in the cheaper quant
of cotlpleted ears and the dearer qualities of chasas




