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DIRDER BRIDGES FOR MILITARY ENGINEERS,
{Continneed),

A Caer, KON, dMozrer, RE,

PART 11
DUETAILED DESCRIPTIONS OF DRIDGES.
Leos1? BRInue #OR CAVALRY ™ SINGLE IIik.

Bt ot Caristehusch Camp b 1899 by Cavalry Dioscers and R
H.L0N Width of roudway- 6 ensriud o the top of two girders
& centre o gentre,

Lipe uf Larder—Rach girder was a “fished beam ™ as in fig 5.

(7). Deseription and Slethod of Construction of Girder—Twa
poles, TIDY wd DR, 5% ol Hp, re” ol butt, were Taid butt to Lot
off crosspiceas, which provided clearanee above the mround anc
eventindly ieled as rollers in launehing. A thivd pole LM of eyl
dimensions o the ather bvn waz Teid alongside Uhoir as shaws,

LAE was lshed to HD and DE with 2 kasliags at A and G aud
with wire af Caod B, {Cordugre is profenable 1o wite ns it is easier
and quicker to use 5 it shold be well wedged up).

= anger holes were then boved threuh both spars at 3 and F and
a hawdwood treusi, 187 lony ighthy barger Bran the hole, wis driven
thiougly el “The aden of the treagils was Lo opposs the honzental
sheating stress Detween the spirs amd w0 to convert thein into o
gingle heam of deptlh equal Lo the combined depth of the spars
composing the ginler.

Whe space wk D beeween the butts cawsad by the taper ol the SQITE,
wis closed Dy i hardwewd werdge to resist the thirnst.

(8. Sletlud of Lawnching,  Each girde: was launchwl separataly,
being rolled out hall-way aad then pelled across by fill from a
15" ¢lieer legs erected on the fur side. It was found that a single
gasder wonld not remala vertieal but leaned over sidewnys. There
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would be po tendency to do this i the givders were lifted wy into
vertical plames as soon a3 they were buils and oross braced to prevent
them distorting aeain,  They could then be hualed across together.

(o). Frussing fiw Girders, To strenglhen the Lridge the airders
were subsequentty trussed as dollows (—-Crosspivous wore Jashed
aermss at P oand © and other cross-pioces were pliced at the ends of
L girders at H oasd K, so that the ends of botl giders butred
igainst syuare seatings o the oross-pieces aml werg soounxl by
spikes driven throngh the ontside of the cruss-pleces.  Wire ties of
the 1oquisite strength were then passed from H to K uuder B and ©
and made Gt This trussing showld take place belore hemching, in
which case men shoull bear deown on the cads of the givder so bt
a3 Hasin release the Des way be guite taut,

If Lowever the crussing tukes plice belore kusnching, it will niake
the vae ol tedlers difficult viless sonte expuadicat such as the fallow
ing is wsed i—Afer cunstmcting, connecting and trussing ithe girders
ael belore Tnunching, lift them on to twa light spars ranning frum P
to ) and ke fast P oand O to them,  These wusdlary spars con
then move o the tollers

(3 Unrking Party and Time—Two RN sand 14 Cavalry
Pignecry builz snd Junnehed the Lodge ir 13 bours. T wounsl ooty
have taken 1o howes i cordeme foul beea wsed distead of the wie
inslings.

() Remarks—"The deficetion at the ends, between H il Loamd
Between AL apd K owos conuiderable, Tt would probaoly be best Lo
aliowe the lower spic LM to continwe {he whole length, from 1w
K, breaiding joint with the wppur spavs, The trenails would thn T
nlacsd neor the abutipents, where the shuaing stivss 15 grentest,
Liouble the numlaer of trensils might be wied.

03¢ caurse this mathod of constreckion dovs not make 1 pericel
truss, bus 1l ivpe 1 possible for emall gups whews uatls are not (o
Lie fad.

2. %o Bumok ror INraxrtey 1x Fouss, wern Qs CENTRAL
TRESTLE.

Width of roadway o'

This bridge wiil be treated as bwo separate singhe spans, one of
a8 amed Lhe other of 427,

(L), 367 Spaw.

(). fheseriftion, = Tipe af Girder—Rowsliing thow doewivasands)
li.ir':g' o).

The girGers were placed with the bow dowpwiudls for the lollow-
g ressons L —

fwh The suaigit funge, whivh is less Huble w buekle than the
curved ang, is 1S i compression,
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(3). The girders, when placed, are in a state of stable equilibrium,
If the bow were upwards they would need external bracing to keep
them wupright.

Each top flange consisted of 7 (3") boards.

Lach bottom flange consisted of 8 {2") boards.

For 3' at each end the flanges were bolted together through a
wedge placed between them. Five " bolts were used. The ends
were then boxed in by means of vertical boards on each side.

d

famm G

Top flarge 7 boards €acre ;1278 ,‘1"
Bobtorrt -« - F i v = T
' Fig. 6.

The web consisted of a double series of bracing, as shown in the
figure. There were 14 braces on each side of each girder. These
were not nailed to the boards of the flanges, which were too thin to
take the nails, but to pieces, 2"x 12", 2s at W, X, Y, Z, which were
themselves nailed to the flanges. These pieces should be placed
inside the flanges for compression braces, ns at W and X, and outside
the flanges for tension braces, as at Y and Z.

The bracing was of the lattice type, the planks being in pairs on
both sides of each girder.

It is necessary to see that compression braces are not forced into a
curve between the flanges or they will have a tendency to buckle.

(b). dMethod of Constructing the Girders—The longitudinal section
of the girder was laid out on the ground with pickets, which enclosed
the flanges. The planks of the flanges were then laid down in
lengths, breaking joint, and nailed together with 35" wire nails. The
flanges were then bolted together at the ends with )" bolts and
boxed in and then the bracing was nailed upen one side, Then the
girder was turned over and the bracing put on the other side.

{¢). Mcthod of Launching.-—The girders were hoisted into position
by two pairs of sheers, one on each bank, which lifted them up into
the air, and, by paying out and taking in the tackle, carried them
across and lowered them into position. One pair of sheers had to
be a long way off owing to the second span in the bridge ; this made
the operation more difficult. A 7" bearing was given on the cap of
the central trestle,

(d). Cross Bracing belween the Girders—It was found that the
girders were liable to rock in their seatings owing to wind or traffic,
They were therefore braced together with a spar connecting the
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centres of their lower flanges, and two transverse diagonals from the
centre of the lower flange of one girder to the centre of the upper
{lange of the other. This gave complete rigidity.

(e). Time and Men.—Making girders 6 men 29 hours.

Launching and completing roadway 40 men 6 hours.

(X.B.—The dounble span caused abnormal diflicultics in launching).

(/. Remarks.—The dimeusions of the web planks should decreasce
from the abutments to the centre ; at the former points the compres-
sion planks should be 3" thick to prevent buckling,

(ii.). 42" Span.
(a). Description—Type of Girder.—Inverted Gueen-post roof.
The two girders were built together on land into one frame and so
launched.
Fig. 7 is a longitudinal elevation.
Fig, 8 is the plan of one upper flange,

[ ] )
| i ] j
DR T R g —— - - T e - ¥

FiG. &,

Each upper flange A was built up of scantlings 12" x 6" as in Fig. 8.
The spikes were placed all along the beam but most thickly at the
jolnts.

The struts B and C were dogged to A and also secured by transverse
picces d, ¢, f, g, spiked across from the wnder surface of one upper
flange to that of the other.

Distance pleces H were dogged to the leet of the struts B and C.

Distance pieces I and ] connected the feet of the struts B and C on
one girder to the corresponding peints on the other girder.

The usual diagonal bracing, shown in the photograph, completed
the structyre,

Sizes of Timbers—Upper flanges, 21’ and 14’ pieces, 12" X 6" in
Cross section.

Struts B and C 6" x 6.

dye, [, & 6"x2",
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Distancs pleces H, 5, ], 672 1%,

Crass bracing, oF x 27

Size of chain, 135

(4. Metiind of Conséractivn— The composite beams terming the
upper Nanges were put together wud thenr the gizders were built
upsicke down, Tle chmin was gpiked throush the links where 1t
passert inder the feet of the strots and was secured Lo the unds of the
beams by o serewed ook of 2% won, passing through 2 hale in ths
eatr minl boiled up aqiinst an iros plaie fitted over the shaped ends
of the benms, as e Fig g,

HETTRE. X

Tron plakes sirould not be put under the feet of the sinils, as the
links o the ehain shosdd be aDowed to bite inke the woad there to
avoid the possildlity of the links getting bent,

(el ethod af Larenching, —The girdoer was picked vp Iy thstwe
shieers on cither xide of e %' gap, tumed over in thé air and
diopged inte place. This method was o very difficult one and the
process of turning the givder over m thic air shoubt always e avoided,
Lhiz gintha coubd prolubly hive been huilt the tight way up,

(). Thwee and Wew, Moking girder 10 men 13 hours.

Laanching and completing rondway o men g hours,

(2.8 —=The denlde span cansed abnormal difficnlties in launching),

This typs is not soumd, 25 0t cunaot, if the bow be downwards, e
tolled aiml s aeoss, Dot dees ta be Bted inta place by meaps of
shieers ear oth sides of the gap, which is dillicult for any bat small
gpaes, IF the bow be upwands, the usuead method of Lomehing s
vossiby, Bt then fhe readway bas to be carded oo the lower
flapges, which meang a distinctly bigger structure. Ner in such casss
15 the launching so casy, since the lower anees Bave 1o be rosed
fon1eneh the abudiments on the e side of the map,

349" Bamnen For Cavarny N Sivelk Feow

Bentt ul Eeese Conp nesy Chyisteharch in 1oy by HoE. Linnched
e [LED end Cavaley PMonsers,
With of adway 67, Corrdisd o the bower Tanres of two ginders
g' & apart, centre Lo centre.
Tvpes of girder uscd —
(i), Warren,  Depth 8.
(ii.), Plake.  Depth o7,



1yl FHF. ROVAL KKGINEERS JOURNAL. [Qoremer

(i.y. Warren Girder.

(@), Descripdion— Lo w0 3 sheleton digram of  the girder,
wiich 15 divided info soven prels, the slope of the braces being go®,
Ench panel of tha flanres and ench web broce consisted of 67x1°
el wlanks, the wunber of planks being wiiten against the member
i g 1o, as is also the pature of the siress b which it 1z sebjected.
Whoere reversal 6f stress could take place Doth +and=is shown, the
vpper sirm boing Be aocenl oue when the Taidge 35 folly loded or
unioaded.

=2 AN -2 A -4

Fio, oz,

Corarber — Each cental Interval fronn joint Lo jeint is theoretio:dy
7hobut in order Lo give a camber eaeh tension member was bored
with the aumer holes 17 Jess than the 7 contre to csutre, and =such
compression member with the holes 2 more than % cenlie (o calre.

Sofnis,—The juints consizted ol —

13 cal trennils 2o A, B, C 0,0, 1, O

1 trenadl ak i,

vinee bivdis and nuts b B, G OH, KL BN

The pdanks were teeaded on the bolts ar trenails teemately, oo —

At B they wete in thiz orderi—4A plank of AB, then a plank of
BE, then ooplank of BQ, then a plank of AL, waud s0 on,

At 4 they were in this onder :—=A plank of A8, o plank ol AQ),
two plhaks of AR, a plank of AQ.

Antk it i3 important that the planks which ave wost highiy stressed
shoukd not e oo the outside st penel pointy, inoorder 1o allow Lhe
bolt ar dowel to offer o dowble-shear rexstance to then.

All compression members had thebe planks braced topether at
2" " intervals wilh ocks, The planks of tension memles wers
braced togerher with a block at their centre.

Tin onder to prevent tho top funre backling 0 was given 2 witlh
of 18" at the ceuntic and propoctionsdly al othor poinls.

In order to peevent the trenatls or Lolts from tearing througl the
ends of tension mewhers all socds membens woere cut fong choagh to
allow 12" of overlap beyond the anger hole,  {See plodoy].

Cover Plotes —The flanges BH and AR are built wp of planks
Ef' loug L biwiee the length of encly muoel) AT jaints seenreed
hailfway bebween the panel points, aud every alternete plank in ¢ach
menbsr (Lo @ oot of 3 e e fop fauge amd @ out of 2 o the



1911.] GIRDER BRIDGES FOR MILITARY ENGINEERS, 199

bottom) was broken in the middie of each panel and connected to
the plank which butted it, by means of cover plates. (This involved
the insertion of some 3° 6" and 10’ 6" pieces at the ends of the
flanges to adjust the joints), Cover plates were 6"x 1" planks
bolted or trenailed to the main {lange planks on each side of the
joint, thus making a fish-plate connection. They were 4 or 5" long
and were fived to the main planks with 1 or 2 bolts or trenails on
cach side of the joint.

The bearing stress per square inch is greater in the case of 1" bolts
than of 13" dowels, but the latter are the weaker against shear,

The maximum bearing stress on the planks was 1,900 lbs. per
square inch.

The maximum shearing stress on the trenails was goo lbs. per
square inch.

In order to obtain uniformity and simplicity, the number of planks
in each member and the sizes of the dowels, trenails and bolts
connecting them were arranged as in Fig. 10 and as detailed in the
description, This brought some variation of unjt stresses on the
various members, which could to some extent be compensated on
service by the use of the better material where it was subjected to
the greater stress.

(8). Calcnlations.—The Warren girder was calculated inn the usual
way. The maxima stresses on the members, after allowing for the
various possible loadings of the bridge, were as {ollows :—

Vel Braces.
AB=KH=+5,544 Ibs. PD=MF= +2,466 or— 277 lbs.
BQ:HL= —3474 n DO=FN=—2z326 or+ 277 ,
OC=LG=+3934 , OE=NE=+1,1500r—1,460 ,,
CP=GM=—33814 ,, '

Flange Members.
AQ=KL= 2,773 lbs.
QP=LM= 7,406 ,,

PO=3AN=10,206 ,,
ON= 1,172,

BC=HG= 3,509 , 1
Ch=GF= 91226 " +
DE=FE=11,109 , J

The stresses per square inch on planks, after using Gordon’s formula
for long struts in the case of compression members and allowing for
trenail holes in the case of tension members, did not exceed 1,313 tbs.
and 1,271 Ibs. respectively,
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(i), Plate Girder,

(a). Description—~Figs. 11 and 12 give the two cross sections of
the girder, Fig. 11 being that for the central 29’ and Fig. 12 that for
the 10’ at each end.

3" horizontal diagonal bracing. 3" horizontal diagonal bracing.
= - 1 M : z T "
3 T e R
L S 2 ENER
§ A AR o
) 150
- NS .
] e P,'
[ s 9
! . of
. [ ¥ & !
" N fom--e CRERE K pr = -3.:-;*
: :
: :
' o
vertioal . i
v SELffener :‘\, .
{2 dheichy. s '
! .
*
1
. ¥
&
..!-_5.,__________.,' -___....__f’f”._,______,
116G, 11. FiG. 12,

Each flange consisted of two triangular picces, 3"x 3%, These
preces were placed with the 5" horizontal for the central 297 of the
girder in order to give greater nail area for the cover plates and to
increase the width of the compression flange, and with the 5" vertical
for the remainder of the girder in order to give greater aren for
nailing the web plates.  This i3 in accordance with the variations of
the flange and web stresses respectively.  The 3 x 1) planks shown
above and below the two triangular picces in each flange are cover
plates transferring the stress at the joints of the triangular pieces.

The two triangular picces in each flange were in 107 lengths, each
breaking joint with the other and with the piece immediately below.

The web consisted of a double series of 6”x 17 planks placed at a
43% slope in a vertical plane and nailed to each upper and lower
triangular piece.  Figs. 13 and 14 show a side elevation of a girder,
respectively at the end and at the centre. It will be seen that, while
the web planking is continuous at the ends, it opens out towards the
middie until the boards are spaced at 2' central intervals at the
middle of the girder. This is i accordance with the decrease of
shearing stress towards the centre,

The other series of web planks (not shown in Fgs. 13 and 14) ran
i the opposite diagonal direction,

Vertical stiffeners, 6" 6"X 6" X 2" placed every 7 along the girder
connected the two series of web planks, which were nailed to them.
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Vertical euidl stiffeners, " # =137 = 2" at each end of the girder
were nailed up against the ends of the fanges and waly plaiks (see
Mieta).

A light svatem of horizental divgonal hraeing, compossd of peces
£" % 1 couneeted the vwo sides of exch Mange, above the top cover
piates and below the ottom ones,

- I

§ s ok Eroing it 4" JIMQMI Jmc.-ﬂy
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The web planks of the two series wore braced togeiber where they
passed with Llocks 67w 4" x 47, to which each plank was wailed
thesis blocks were not placed closer together aloay a plank than 127,

(&3, Cofewfufions—Uhe plate givder was calouitel o the usosi
wity.  The Hanpe stress at the contes was 15,230 e, The sress pos
sauare inch of the faenes b e contre was 730 Ibs, which ailowadl
sufficient nuargin tor the pomibitdy of hackling o the compression
Bange or of weakiess throseh il holes in the trusion fasge. No
atesnpt was made to reduoe tae wes of the tringelar flanges towands
the zbulments as there would not then have been suflicienl wail e
for sl cover aud wele plawls,

The mazinmm sheating siress wis cinlonlated with a z-ton wagan
at amie ekl of e bridge and the sest of the bridge crowded with
cavalrv.,  The web dsetl = amply sufe to carry tins. The shearmy
stiess ot eacl pull comstecting web phntls to fanges ot the abolmesnls
tue 1o the Lorzontal shear was 538 s, aliowing fime nadds 1o the
hotizanta] fout-rui o cach skie of the ghder. 21" cur nails were
usedd hers.

The rasimam mterval at whick web planiis conld be placed {centre
to centred at the middte of the tirloe o give sollicient resistance 1o
sheasing when hulf tiee bridge ondy was loaded was funnd fo Le o

The: Jength of cover platos Lo allow safficient gail azer, ab £ vails
per square faot, to transntt the stress along the Tanges was caleniatod,
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it wis dound that these Hange cover plates lad 1o be mearly con-
tinuoys i the tersion Bamre and woere thetelore aads entirely so
thee.  Tnothe compression fange the duty of the cover plates % to
preserve the alignment of the butting flange pleces aml they were
niade to exlend fromr 18 0 30" encl side of each joint to ensure Lhis,

(o) Method  af Constenctivn of Girders —0). Warren—Thiz
givder was made op a0 lovel prss meadow close 10 the site. I s
casy Lo pat togerher 3 carefud attention s paid to the covrect order of
planks at each panet point.

It wies found that Bobts asd nuts were moch e el inore satjs-
lnctory Lo use Lhan tremails,  The {former were easy to drive into the
hales boved for them and their nuts gave thew w goml grip o the
planks. Uhe latter were bord o dive into position (0 red hot poker
wits faund msefn! for malking the holes, but the sonndwess of this
wiethiold i3 perhaps donbtid), When the Bemids were driven they
got uo prip on the planks, which tended to spread apart wlhenever
they received @ oshock., Nafling the distamce pleces Detween Uae
planks panially remeadiad this defoo.

(fi.) Fefe—This givder was abso put together close to the site. [t
toak tess tine and was casier te ke thar (e Wareen, Tt wos also
stifler than the Tilter. To was diheet to get @ seating for the road
transoms on the bottom fianges of this girder ; the web had to be mit
thiwgtigh for this purpose, whech wenkoned i

() Melbiod of Lonacling—As soom as the girders were Duilt
they were lifted up inte vertical planes aad plased on stout rollers
the tight distance upert. They wers then briced tomether with
teinpmany  planks nailed diagenally across the ton aud Lottom
Hanges,

A6 w37 plank was then maied to the boltom fanges ot the end
nenrer the gap, and to ib was altached o sling into which was linolied
the lower block of a * donble aed trelide ™ 2 fall. The upper blogi
ofihe dall was made fast to the crosspiece of 2 207 frame on Lhe fr
bank.

This tackl: lifted the ooter end of the bridge as it was pushed
across and assisted (o pull it acress, The sling, into which the ower
Bock hooked, passcd tound binh gledurs 1o stoady them.,

Tur ugsist in prevenlng the Gpping of the bridee ps it moved across
tle gap, nuother 6% 57 plask wis secured to the fop flanpes ot the
inshore end and was Telkd dowa to holdfists or cocle side of the
Lirikge by ropes which were slowly paid out,

Two horizoatal guvs were also passed round the girders (e
round each girder) as htesal preveniors,

Fig 15 fwhich is not to scale) i 2 general elevation showing the
progess ol lonching, The positin of the pinder shown by the
detted lines s thad when the fame first exerted an offcfoe Gfting
action,
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hie v pazty (o the sear bank) posh the bridge forward on the
rollers, It was found necessary to slop very often becase the ends
of the sloping braces in the Warren girder got fanimed up agaist the
rollers,  This is a distingl disadvantape i the epen fruss type of
pirder.  As there was only one block pulling the Lridge noross, the
batter leod o Lendeney o bwist, a resolt whicli the constant necessity
for lifting the Warren givder temded to inerease,

It would Lave been better to have had fSico Dlocks and alls from
Fhe Tame.

The hornizontal dipgonal hraces connecting the hottom Oanges of
the two girders while they tre being putled across shoubd e of
rhT o plankidem, as they aro subyected o consukerable crushing siresses
whet passing over the rollers,

{e). Pme—Six cacpenters buiit amd connected  the pindes i
zo hours, The work being experimental, oaby o few men worked
ab it, otherwise it could profmbly hmve becn buile in 2o hours by
16 men,  Launching took 30 men one howr

(£). Remarks—The bridge in its final position still retained its
comlior it might have bean stiffened Jterally.

& faw ddavs duicr, after heavy rvaln, it was [eund that in il
Warren girder the dowels lwd swollen and the boles appurently
coutrcked so that the planks hped o tendency to tear, Tiis tendency
was confined to dowel jointsalone.  The Lot pints were shll yrod in
every wav, Luceral ozeillation was very stuatl even when o heavy
wagon aml men moved rapidly across the bricdre,

Aleer min the beidae, which was fixed at one end, expunded in
lowsth Ly 1" _

(). Defectivn—Caretal measturements were taken of the defice-
tion ol the girders wnder variows Tods,
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The fubboswiery 1able gives the resulls i—

Luad ot Ceptee (raclasive of aupr- [neclraics in Toathes ot Condie,
FAEUSEQEf Plaes Gealer,  Warken Ginder,
. b fepapl . 1
20 owh {EMLISNRIY Y cn e 1 1
NN . afier 5 wrinndes. “ 14
Ses 1k . I
2, _,_, gfler 1 howrs.., I I
3 (movieg) wliver ub eendie ) 1l
Fermmment detlection ot ceptre afier
load was rentoved e n ]

Noli—The wmaxinnaim deflection pernmissible iy Le taken as
r T
s (=t
Joints wore cxnmined aller e tosls; ne semoos delect wos Goud,

g 27" Brince ror Cavarny 1w SixcLy FiLE,

Bsilt ar Christeluorch Camp in 1904 by KLE.

Lawvuelhed by BB and Covalry Prosewrs,

Width of voadwur 6f, carried on the wp of two oweders 77 apart
Cconbre To centie.

(e, Lescriffivn— e of (eivder~Warren,  Dupili centre to
centre of flanyes 37 6%

The girders wore ladlt up eetitely of 8 tlegrph oles for eom-
pession nwembers ad tefesmph wie for tension moembers with the
adklitkon of foue panks for counterbracing.

Froo of s i sholeton digrenn of 8 girder, Compression meohe
are shown in continaous lues, teusion trenbors i dotled lines,

.
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Ot ¢ Faantig FOAS SAhanr Sbrwds fAvie s P A P
Jdocteal S eme frard S HRLTES arg S | =eeter iy
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The slape of braces wis about 447

Tlie Ywidpe was intended o be sapponied on seatings ot the bank
fzved an which the ends of the upper Danges should have rested, but
awing Lo the shallowness of the s a2 testde o° high had to be
erected ot cacl bank opoen the tramsans of which the ends of the
upaprer Mgz ol £ le grivders rested,

(0 Wethad of Congdraction- The elsef difficalty Sy in te juints,
eplilly T where compression mambers met.

Plescriplian of forniz--(1p Top Flasre, —Poles 197 Yany, suflizient
Lo cover two paneds, were el Thae pales of the two top flunges
lamtle jeine with each other, -
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The girder was put together on its side on the grovad. It wag
elven a camber of 17 at the condre amd proportionate.y at other joinls
ler paonlien: a0 hog-tacked shape.  Where two poles met end 1o cud
they were cut squars mwl e canber produced by insertineg a catiple
of wedges between Hiewm, 2e in Fien spe A 27 ouli dowel (AD i
Fig, vy was juseited into avger holes bored in exch hate,

Sotngs A and Go—AL those joints the wires AG and GH passed
through aveer ok Doved horzontally through thes polu.

Jotngy B0, qrd F=—aAL these joints the wires of the diugonal
tension braces pussed throngh horizental heles in the pole nearer the
abutment, e.p. the wires of BN puseed throngh a hole in AD, The
diaponal chepression brace was shouldered into the pohe linther
froom the abutment,  Fie :$ b view of the joint at B, s is the
shoulder ent in the panet BC, auninst whick the Tnare O3 butis, pis
the guper hoe i A2 thiough which the wites of the brace BN poss.
¢ and # are two other surer boles, 083 jg wirad in ils place by series
of wires boetween & oand g and Dsbween » and 4.

rin, (R,

Jernf £3.—This jolut has the two beaces MD and DL scarfed to bult
agiingt cach other, They ee also slightly recessed into the pokes of
the top Oanges a3 n Fg. 19, The fowr poles are wined together as
show s throwde s hobes 4 o, 0, w0

Sointe ON, M, L, K, AL T those Woints an augrer hoks was Doral
horizenially fat vight aigles to the piane of {he girdery throngh th
penc aboat o7 froan Tls end el the wires of the two of three tensiotal
members connected to it were passed dlrough Lhe hole, Wik ol
vich member G tie lower lunge were independent of those of the
AR ISR
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Horiconlal Bracing-—-The top Bunpes were comnected together 15
the gsund horizenstel] lattioe heacing of 87 poles and 2" boording, The
Tuwer flanges were connected by stk Tuaging bul wire was wed for
the dingenals, and the poles were 37 in dimneter,  Disgonsd wires
were alio placed to cross brace the guadrilaterals foroed by cack
cosresponding (Le. opposiic and paralicl) par of web braces in the
two o eielors (see phote), it ordey to preveut distoriion  duving
lagngching,

(o) Cxefenfutions.—The Warmen sivders were calenlated in the
vaed way. The weight of vael givder wis 2,273 1hs.

The waxima streszes on the web menlins wore as follows ;—

A —GH=— 7,568, CGB_HEF 47228, BX=FK=—47s0.
o

2
ME—=RKE=44, o0, CM=KEL= -2 Iw EEIJ—L}L—.{ +_I‘3'm
t +348 oF — 4oz,

The stresses ol compression brices of the web we well within the
liniies of safety for £ spars, provided the joints are well coustrueted,

Wihesre connprassion memelers are Babde fo veversal ol stress {wlrich
jzoonly Lhe cuge in the mewbers MU and 21 and then only toa
simall extent) it is impoitant =—

{erd. Tor Tave we play br e joint,

£8), To Lave the brace wired to the Hage al 1w ieink with g
sullicienl nuniher af retwens of woe e lnke the revorae syregs,

The tension mendiors ©31 antd LE were connlerbraeed by siling
a conple of planks on either side of the tie and lracing them togetiier.
Thesre planks me not seun s Lhe phatograph as they were not pud oo
et the gieder had taken up itz fingl position and the wires were
{ully stratchud,

Tl miaxting siieszes i he lower members were s follows 1—

DN =KIl= —g6t6 15,

MNM=Lh=—t33504 1.

ML~ —17,277 lbs,

The wpper fange mewbers, being b cotapressiong, are abviowsy
setMedeaty shiaegr,

The nuber of wires i temsion members was proportioned o the
sbresses 1o then.

(). Feating a Girder —COne wivder was tested in the following way
(1, 2o} Two pairs of sheers, o and o, 19 to the outeh wers
Pozed about 53" apart aond well stayed, The girder wis crected ina
virlival planwe and then Tilted o to the teno sheors so that it was clear
of the grownd and supported by the ends of the top flinge only, In
1hix pasition it was Jowsd o Teeve lost s camler, wibdch wis restored
tn it by e following methad.

Twommore pairs of sheers, & and ¢, 1/ tothe oratch were omade, The
sireder was Lhen ifted off the crotehes of the sheers o and 2 by about
25 men and the new sheers were phaced 3 litthe way ench side of the
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centre as at & and ¢. The sheers a and d then took none of the
weight and the ends of the upper lange sagged, the joints opened a
little move, thicker wedges were driven in, and the wires of all tension
menbers were tightly windlassed. The sheers & and ¢ were then
gradually lowered and the girder once more rested on a and 4, and
this time it retained its camber owing to the increased thickness of
the wedges and the shortening of the ties.

.6 '..Ic L

o 8 ¢ o Fheers

Fig. zo.

The testing was then carried out by erecting a derrick ¥ about
15" high (10’ would suffice) opposite to and 13° 6" away from the
centre of the girder (see Figs. 21 and 22). A single block G was
lashed to its tip. Tiwo stout pickets DI were then driven into the
ground 1’ 6" from: the centre of the girder and a cross-piece C Tashed
to them about 3' above the ground. A strong lever K was placed
under C and one end, which was vertically under the centre of the top
flange of the girder A, was connected to it by 36 wires, while the
other end, which was vertically under the block G, was secured to a
fall which passed through G and held a tray at H which could be
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loaded with sandbags of known weight. The arms of the lever E
pivoting at C were as g to 1.

Weight was added to H till, when 6oo 1bs. was on the tray and the
deflection at the centre was 4%, one of the tension members in the
Lottom flange, B, tore through its auger hole. The equivalent load
on the centre of the girder when this occurred was of course 5,400 1bs.
The top joints had stood the test well, with no signs of failure.

The actval failure could easily be remedicd by binding round the
poles with wire at the auger holes. This was subsequently done
evervwhere. No further test was made as the girder had otherwise
stood the required test. (A central load of 3,400 Ibs. on one girder
equals a distributed load of 21,600 1bs. or 380 1bs. per foot-run on the
bridge).

Daluwm.  Level of centre of girder loaded swith supersteucture and

| 600 6. loy al cenire.
! WLOADS ADDED.

| 2,600 fs. (dendy.

Y F X R
— 5200 ,, .
—- 6300, o, . . X .
; o Pdeflections with chains of supporiing frames
! windlissed.
:
1
- 7'800 1 T
18430,

— [ Chains supporiing frames uniwindlassed.
I3

N LOADS ALALEL (continued,
— | 2,400 Rs. {Hed.

' | Finail deflection after removing all tive and
i dead [oad except superstructure.

i
|
|
! 5,100 s (Iive).
i

N 3.700 ., "
Fuell Seale Diagram of Deflections ap 88" Bridye (Fia. 30).
FiG. 23

(¢). Launching the Girders—The givders were carried one by one
by a party of about 40 men to the edge of the gap and were then
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erected vertically, parallel to each other and the proper distance
apart. They were propped up in this position while the horizontal
diagonal bracing between the top flanges and the wire bracing
between the botlom flanges and web was fixed. Two 20" two-
legged frames were meanwhile erected either side of the gap with
the legs far enough apart for the whole bridge to pass between them.
A block and tackle was suspended from each frame transom and
hooked on to bridles fastened to the top flanges. By means of these
tackle the whole bridge was lifted by the near side frame and pulled
by the far side frame across the gap.  The bridles had to be occasion-
ally shifted and while this was being done the weight of the girders
was taken by extra ropes passing through single blocks lashed to the
tops of the frames.

Lateral preventer ropes were very necessarv (fixed to the top
flanges) while the bridge was moving across, as there was some
tendency for the camber to translate itself into a lateral deviation of
the top flange.

The process of launching was not very satisfactory owing to the
fuct that the gap was a shallow muddy one instead of a deep one
(for which girder bridges are best suvited).  When the forward end
sagged as 1t moved across it rested on the mud. Had the gap been
deep encugh it would have been practicable to allow the forward end
to droop very considerably, as it could be pulled up again by a nearly
vertical hioist when it got across.

When the bridge was across, tresties were ereclted to carry the
ends of the top flanges,

(/). Time Table of making One Girder —

Alen-TIours Laloar.

Cotting poles to length ... 0
Making dowels ... e e 2
»  Jeints on top flange cee 21
Boring anger holes (and wiring round { 0
ends of poles) §
Wiring tension members ... 66
Total labour for one girder 108
" + g Lwo girders 216
Carrying to gap and raising (30 men} 0
1 hour) ... ”
246
Cross bracing between girders (12 men} 5
8§ howrsy . . 9
Launching 1)r1dwt: (:,o mein 3 hour:.) 150

Total labour .., 92
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A suitable distribution would be as {ollows 1—

Building two girders .-~ 36 men 6 hours.
Carrying to gap and raising ... 36 men 1 hour.
Lrecting frames a ross-bracing
bzh\'z{:n E;ll:;:::; j.l.id ) SS ’ 3‘3 4 36 men 3 hiowrs.
Launching ... ... 36 men 3 hours.
Total labour ... ... 36 men 13 hours.

(£). Remarks on the Completed Bridge—After a shott time the
girders lost their camber. It would have been advisable to give
1' 6" to 2’ camber at the centre in constructing them.

The bridge was very stiff and had little lateral oscillation. It
would be a good thing to give it a greater depth, but this is difficult
as girders deeper than 6" or 77 are very difficult to erect and launch.
Wooden gusset plates or fish plates at all the top flange joints would
relieve the strain on the dowels which may fail without giving warn-
ing, though no instance of this occurred.

As the top flange joints stood the test load admirably they would
probably be found satisfactory under service conditions. LThis kind
of bridge might be of use when time was not of the highest import-
ance, or when no other material to span a deep gap or a torrent was
at hand.  No material other than poles and wire 15 needed, no tools
besides augers, saws and pliers, and very little skilled labour.

5. 78’ BRIDGE FOR CAVALRY IN SINGLE FILE.

Built at R.ML.C., Kingstou, Canada, in 1906 by cadets.

(@). Description—Width of roadway . Carried on top of one
girder ol triangular cross section.  Depth of girder centre to centre 6.

Zype of Girder.—It was thought that a girder bridge of cross
section as in fig. 24, Le. having two top flanges and one bottom
flange, would provide greater freedom from internal distortion and
would save material and weight. It was in fact two girders inclined
to the vertical and having a common lower flange. Results proved
that the type though strong enough when finally in position was not
satisfactory, as it had to be Jaunched upside down and then turned
over, a process which took much time just when time should especi-
ally be economized. It was found as well that a loss in the lateral
stiffness of the lower Hauge resulted, which allowed overmuch
oscitlation.

Considering the bridge as composed of two girders, having a com-
mon lower flange, the top flanges consisted of 8” round spruce spars,
in 10" and 20" lengths and the bottom flange of 10" spars in two 27
lengths and one 14’ length, butting wheve they met, The butt joints
of all flanges were strengthened by 12" oak tremails 16" long placed
in axial holes in the end of each pole 81 deep and 2" diameter: in
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the case of the top flanges the joints were further secured by three
planks, 4"x 2%, 4 long, fishing the joint on the top and the two
sides. Each butt joint of the bottom flange was connected up by a
wire sling of the necessary strength to take the tensional stress, pass-
ing through transverse 2" auger holes 2’ from the ends of the spars.
Tt will be seen in Fig. 29 (where the girder is upside down) that the
lower flange was only 68/ long, which was sufficient.

Fig, 23

The web consisted of 3 by 11" boarding nailed diagonally on the
outside to top and bottom flanges ; the boards touched each other at
the abutments and were spaced at 2' central mterval at the centre :
and on the inside of each girder there was another series of diagonal
boarding, §"x 2%, runuing the contrary way and spaced
at equal central intervals of about 5’ throughout,

Distance Ficces belween Top and Bottom Flanges.—

Every 3" along each girder a distance piece or stiffener

6" 0" x 8" x 2”, was placed perpendicular to the flanges and

shaped at the ends to fit them as in g, 25. Fic. 23
‘The four distance pieces at the ends were 37 thick.
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The distance pieces on each girder were placed not quite opposite
to each other {or they would have interfered with cach other on the
common lower flange), but close enough to allow a horizontal brace
(AB in Fig. 24) to be nailed across them.

The upper sides of the joints of the top flanges were wedged with
pieces of " sheet iron to give a camber to the bridge.

Wind Bracing—8" road transoms were spiked across the two top
flanges at 8 6" central interval and between them a system of
horizontat lattice bracing of 8" x 1} planks was spiked to the under-
side of the flanges. The top flanges were also wired together at
intervals to prevent them spreading.

Duplication of Web at dbutments-—~The diagonal web boarding
near the abutments was strengthened by cross boarding of the same
size. This cross boarding covered the whole face of the girder f{or
15" from cach abutment. The cross boarding was not completed till
after launching,

(&), Mcthod of Construction.—The three flanges were first of all
built up upon a platform of small piles of chesses at intervals, the
tops of which were levelled. A pile was placed under each joint in a
flange. '

The ends of spars in the flanges were cut square and bored for the
dowels, which were inserted. The sheet-iron wedges on the upper
side of the top flanges were inserted and the fish plates nailed on.
The joints of lower flange were wired together,

The two top flanges were placed parallel and at the correct distance
apart and framed together by means of the transoms and wind
bracing which were spiked on.

This frame (78’ x 4" 67) was then raised to the required angle and
propped (as XY in Fg. 26).  The bottom flange Z was placed in the
correct position with reference to XY. The stiffeners XZ and YZ
were then fixed and connected by the transverse pieces AB (Zig. 24)
aud then the exterior and interior web boards were nailed on.

The girder had to be revolved about the lower flange in to the
position X, Y%, (F7g. 27) to complete the boarding,

/
29
{f
/)
a";/ . -
i fm,
i
i,
{ % Zowser T 1O
f!aay( Z



1911.] GIRDER BRIDGES FOR MILITARY ENGINEERS. 213

Only every other board in the web was nailed on before launching
in order to lighten the weight. The remainder were nailed on when
the girder was in site.

The exterior and interior boarding In one girder ran the reverse
way to cach other diagonally. The two svstems of exterior boarding
also ran the reverse way to each other,

All web boards were nailed to the stiffeners where they passed
them.

On the completion of the girder it was turned over on to XY
(L.e. upside down) ready for Jaunching.

(¢}, Caleulations—The bridge wus calculated as though it consisted
of two ordinary plate girders, each with a lower flange equal to half
the 10" spar forming the single lower flange of the bridge. The
weight of the total bridge (exclusive of road-bearers and chesses) was
about 8,000 1bs., of which the flanges weighed 3,377 1bs.

It was found that the horizontal shearing stress at the abutents
was 1,333 Ibs. per foot-run (both girders together).

1t was necessary to ascertain the ultimate resistance of the nails
employed (67 wire) connecting the timbers employed {(1}” fir planks
to spruce logs).

This was found by experiment to be about 8oo Ibs. per nail *

TFour 67 wire nails can ensily be driven side by side as at aaaa
without hurting the fibres of the board, and if necessary three more
nails might be driven as at bbd (Fig. 28).

& "Saruce
fole

Now each web plank was 8" wide and being placed at 45° to the
flange took up a length of 117 along the flange.  There were two sets of

G Fxperiments.

Thickness Kind of Breaking Stress

of Plank. Nail, {per mail}. Nature of Hreak. Bemarks.
2’ O wire, Sog Nails pulled out of Nails driven home.
log,
B wire, 785 Nails pulled through Ditto.
boards.
" 67 wire. 6G3 Ditto .eeeen vvevvee.... Heads not driven
into board.
I LS H Lg
! o cut. 537 t nail bil'lO]‘(\l{‘th(Th Teads not driven
b, pulediiirouy into bhoard.
board... .ovivins

1" O cut 720 Ditto oovvieiien, Nails driver home,
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web planks.  Allowing a factor of safety of three, the required number
3333 X1 x3_ ¢

12 X 2 X 800 g

of nails connecting each plank to each flange was

which could be driven without splitting the planks.

It must also be remembered that the web was also strengthened
by double boarding at the abutments,

The spars of which the flanges were composed, were strong enough
against compressive and tensioual stresses and the number of wires
connecting the spars in the lower flange was caleulated in the vsual
way.

(d). Method of Launching Girder (Fig. 29).—The girder was
launched by means of {a) a 38 derrick, ¥, in the centre line of the

bridge on the far side of the gap.
<
/

=
1 I

Sl

£ Lo Rear preventer,
; ML Side preventer.
N, Far side abutment,
¥ C. Ramp.

A, Huldfast for rear prevenler,
B, Ro,",‘{;. ~ #
€. Cantilever bridge anchorage.
12 Aear bank abufment.
E £ Frame on near side.
F. Derrick on far cide.
GGG Falls to formard end of givder,
. 4. Tuckle hauling givder across.
KA A, Road fransems.

Fis. g,

{8). A 35 2-legged frame, E, astride the centre line of the bridge on
the near side of the gap, between the legs of which the bridge passed
as it was launched. :

The derrick had, lashed to its tip, three single blocks, through which
falls passed to the girder. These falls were comnected to * runner ”
rackles.

The frame had, lashed to its transom, four single blocks. Througl
these blocks falls passed, two of which were connected to runner
tackles and two to holdfasts (the latter assisted to take the weight
and were paid oul as the girder went forward).

The bridge was launched upside down asit was of triangular section
and would have been dificult to keep upright, had it been launched
on its lower flange. Four elm vollers, B, each 3' long and 20
diameter, stripped of their bark, were used to roll it forward.

The mistake had been made of lashing on the road transoms KK
across the top flanges during construction. When the girder was
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turned upside down these transoms impeded the rolling action, as
every time the girder advanced 10" (re. one bay of roadway) the
roller got foul of the transom and the girder had to be lifted to get
out each roller in turn to toll it forward; cross planks should have
been nailed above the two flanges and the transoms wot put on till
later.

Another serious impediment to launching was an old cantilever
bridge anchorage, C, which it was not thought desirable to remove,
and which was in the direct line just behind the near abutment. The
road transoms, as they came in turn to this anchorage, had each to be
fifted over it, causing great waste of time and moreover, as the ground
just in rear of the anchorage was rather low, thie weight of the girder
was frequently taken by the anchorage logs instead of by the rolier,
causing a great increase of friction.

A plank platform, O, was placed behind the abutment and was
used to roll the rollers up.

The rolling forward proceeded easily except for the above impedi-
ments. The tackles were not needed until the girder got more than
40' (half its length) beyond the cantilever bridge anchorage, which
formed the practical abutment, as the real abutment at D {Fig. 29)
was too far below the natural forward line of movement of the girder
to take its weight till the end.

As soon as the girder got more than half-way out the tackles were
brought into use. The three from the derrick (G,G,G) on the far
side were made fast to the forward transom, which was of course
below (this transom was connected also to the two transoms n
rear of it to distribute the stress and avoid pulling the forward
transom off ).

The four tackles from the frame on the near side were made fast,
two to the lower flange (i.e. that on top), and one to each upper
flange (ie. those at the bottom). They were at first made fast
vertically, but as the girder went forward they of course became
inclined, and exercised a retarding influence on the girder. It was
therefore necessary frequently to cast them off in turn and take them
back to a point firther back on the girder. A horizontal treble and
double tackle was made fast to a holdfast on the opposite shore and
to the forward transom of the girder to give a direct pull across. The
falls from the top of the derrick gave too vertical a pull owing to
the great height of the derrick, and the stress on them would have
been too great had they been used as the only forward-pulling
agency.

There is always a chance of the girder during launching rushing
forward or “ taking charge.” To avoid this the following preventer
ropes are necessary :—Two from the rear to the rear of the girder (L),
and one from each side to the front of the girder {M). The former
(which prevent the girder rushing forward) may be made fast to the
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upper side of the girder when the Lridge is more than half-way out
at which time also the latter may be transferred to holdfasts on the
opposite bank.

It would probably have been better to have had rumner tackle to
all four falls on the near side.  Grease should be applied liberally,
both to all sheaves and to all parts where the girder or rollers move,

Handspikes (not only 6 ones but two or three 127 ones of hard
wood) are essential for actual lifting and to encourage the girder
torward over bad places.  Plenty of packing is also necessary to take
the weight at times.

It is important, when the girder is close to the far side, to keep
the flanges which are to rest on the abutment N well up above it,
Otherwise there is a very considerable lilt necessary with the tackle,
which may cause difficulty.

Trrning the Girder—As the girder was Taunched upside down it
Was necessary to reverse it after # Liad reached the far side. For
this purpose the tackles were arranged as [ollows :—Five were fixed
at equidistant points along that top flange which it was proposed to
Jift (that flange being of course at the bottom and sustaining half the
weight) 5 and two to the bottom flange (4. that flange at the time
on top) te lower away gently and prevent the revolution being too
sudden. It was found to be casy to turn the girder, but when it was
Zalf round it had to support its own weight over the spaun, although
on its side and with its flanges and web quite wrongly placed to
resist such a stress.  The result was that it bent a great deal when in
that pesition, and some of the joints got somewhat racked. The
conclusion wrived at was that this method of launching the girder
upside down and then turning it is not sound, owing to the unfuir
stresses to which the joints are liable during the process.

It is always advisable to allow plenty of length in the girder to
give a good seating on the abutments and so to avoid the possibility
of it being dragged off cither abutment. This actually happened and
greatly retarded the work.

It would have bren wise to have built the near side frame without
diagonals and with side struts and guyvs instead. This would have
allowed the tackle from that frame to swing lreely backward and
forward without interfering with the diagonals,

(¢). Timee—Men-hours labour emploved (—

ML

AL Censtruction of girder 296
B. Launching. (Excessive, for reasons given above)... 313
C. Turning. { " - " " n teee 120
D. Iixing remaming bracing ... ee 43
L. Roadway e 31
Total ... -8_23

N.B.—In addition to above the derrick took 147 M.H. and the
frame 50 M.H. Making a total of 1,020 M.H.
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(/). Test—A class of 2§ cadets started half from each end of the
bridge and marched towards each other, meeting crowded at the
centre and marking time, The deflection increased temporarily to
347 and permanently to 2",

Load=4,200 Ibs. live central=38,400 live distributed=108 Ibs. live
load per foot-run, to which must be added the weight of the girder
(8,000 1bs.) and of the roadway (6,000 1bs.)=A total drad distributed
load of 26,6co s, i.c. 340 bs. per foot-raun.

This triangular cross section of the plate girder bridge however 18
not recommended. It was purely experimental, and the necessity of
launching it upside down and then turning it over forbids its use
where time in launching is (o be reduced to a minimum.

6. 88 BrIipGi FOrR CAVALRY IN SiNGLE FILE.

Buiit at R.ALC,, Kingston, Canada, in 1908 by cadets.  Width of
roadway 6', carried on top of two girders 7' 47 centre to centre.

(a). Description—Type of Girder—Each girder was of the
“double Warren” or lattice type (Fig. 30), the braces of the web
wmaking an angle of 43° with the flanges.  Depth (centre to centre of

flanges) 7" 4",

T -1 - ol e e s e - — oo

Fig. zo.

The flanges consisted of 3"x 3" scantlings, 10" and 20" long. The
pieces butted and were comnected at the joints by two fish-plate
pleces (above and below the joint) 3"x2}" or 2% In the compres-
sion Hanges the butting surfaces were considered to be partly capable
of taking up the compressive stress and the “ fish plates " extended
4 or 5’ each side of the joint and were mailed to the flange.  In the
tension flanges the stress was transferred across cach joint by bolting
the pair of * fish plates ” togethier through the flange on both sides
of the joint in the usual way, a suflicient number of 1" bolts and nats
(from 5 to 8) being used cach side of the joint and the “ fish-plates ™
were made long encugh to take them all, at 67 central intervals.

No reduction of the size of the flanges was made towards the
abutments, as they would in that case not have been large enough to
take the bolts.

Fach web brace consisted of a pair of planks of the necessary
scantling (varying from 3" x 3" at the abutments to 3°x1" at the
centre). The web planks were bolted through the flanges at each
end with a boit of sulficient diameter (varving from 1° to ") and
were nailed to the planks of the opposite braces where they crossed
each other at the middle,
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Each pair of compression braces, or tension braces liable to counter
stress, was connected with small lattice bracing miled on at 43° to
the direction of the brace. Each pair of tension braces was con-
nected above and below its centre with a pair of small lattice braces.

Wind Bracing.—(a). Lower Flanges.—Horizontal diagonal planks
were nailed across the tops of the flanges.

(). Upper Flanges—The road transoms 6"x6" were notched
1“ deep on the underside and placed across the flanges (which fitted
into the notches) and were then spiked to the flanges. A lattice
system of horizontal diagonal planking was fixed in pairs between
the transoms, both planks being on the top of the upper fanges.
Planks were 6" x 1",

Abulment Pleces—The ends of the top flanges rested on the
abutments and since they carried the whole weight they were
reinforced by pieces 4'x8"x 3" wired underneath them. These
pieces should have been bolted to the ends of the flanges.

Transverse Diagonal Bracing.—It was thought advisable to cross
brace the bridge at intervals, fe. by fixing bracing from the top flange
of one girder to the bottom flange of the other girder and wice versd,
to prevent distortion during launching.

This diagonal bracing between the girders was fixed as follows
(Fig. 31—

Two 6" x 13" planks were nailed, the first from A on a web brace
of one girder to B on the web brace of the other and the second from
C on a web brace of the latter girder to DD on a web brace of the
former.  So that a web brace of one girder is cross braced to the
web brace opposite to it on the other girder. Lvery alternate pair
of web Dbraces sloping one way and every alternate pair sloping the
other way were thus cross braced together.

Top fanpe.

Botiom flange.

Fii, 3t

(). Calenlalions—The givders were calculated in the usual way to
arrive at the necessary dimensions of planks and sizes of bolts for
bearing and shearing. The cross section of the flanges was for
convenicnce kept the same throughout,

(¢). Mcthod of Construction and Ereclion of Girders.—The flanges
were put together on a low staging of piles of chesses and bolted
or nailed up with the cover plates.

The top and bottom flanges of a girder were then laid on their sides
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at the cotrect fterval, a camber was piven them by plcketing the
ks sl dntes medinke ponis and the web braces o ane side Taid on,
The hales in the Aanges and in the web braces for the bolts wens
then warked and bored and the Doits driven through.

The mircder was then bored over and the web braces on the other
side borsd wndd theended on the bolts which wore Hee matted up It
is wecessary to thread the web iaces st important joints, Lo, those
towords the ohwtiment, so thal o owdsimm shoeaing stress COmes ol
the bolts (see page 198

The two girders having been thus bolted wp were mused o
vorticn? plancs, opposite each dhor amd the cotrect distanice apar.
Tz opreretion wis casily done By 3o men,

Ruch pfrder was strativd up owith planks amd then temponinily
seeured ns i g sz, wheve AT and O wre the two ginders, AC i
light planking nailed Letween the top flanges, AT s C1F are guys.

Rl AT :

'u
™
1
¥

#FFI

Fic, 3z

IL s dmportaul o get the lower fanges parallel and comreedy
nlaced, the righi distemen wpart amd opposile cach atiwr, The Lop
fanges can be plaged in the rieht vertica] planes subsequently,

As snn as the bottom fanges are correctdy placed the lower
Marge wind lrscing should Te fixed 1o keep then comect. The top
Hanges must then be pulled to the tight distanece apart hroughout
anel the planks AC romiled to feep thewm there, The transoms
liviugr Been prepared with notehes o dueep to L over the Ranges are
Maced and nailed doww The upper ends of compression braces
Cheyoned the el weee Doeosawn off, But vel oleser te o belt hale
than 4",

mext, the top Teegre wind brocing miny be Axed. In the meantime
the lower Donres miuzk De Iacked op hevel wd plhond boles Bieog from
the top flanges o see that they o vertieally ovar the boltom Tinges
thrennpedint.,

Then e tiesverse dingonal Tnactng belween e pinders T dixed
and the bridge is veady to carry Forwawd and Tnmch.

Notog an Cungtrecfion {einils, — Al holes ke bolts were bored with
wn auger | Jess than diameter of ok,

Where braces pussed eecly other, o 37 distance piece waos placaid
brtwern (lem to whicl they wens nailed,
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The heads of bols through lower flunge cover  plades wore
downwmds so Lipl the auibed cad wonld neg fnterfioe with volling
ek,

Wl Frsl of B8 Meadge.—Figo 23 i a0 graphioal eprosentation of
carefn]ly weasvred deflections taken ot the centre vadey cendrald loads
of wmeownts showi.  The deflections piven are those of e eter
Buiit of the twoo gindees ;) the other givder o o weak spot and
conzequently give delections 20 (0 30 per cent, gerter than these
showin,

It will L setn that the deflection under o load equal in valog to
civaley i single file was 1 the spioa : forther, that the chains of
the strengthening fmes  gase s assisbeecs, ws thedr nelense
inersaged e deflection By the amownt shewn ) and astly that
the bridgze bad by no meana weached it elstic lnil, cven wiem
Lplet will o weinhd equad Lo 25 per cond, mars than cavalry m
single file, a3 bs seen by the redoced deffoction when the exeuasive
lonad was remnoved.

{Tv b condimned )
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IS COMPLETION OF IE HARG-HAND RAILIVAF.
By Care FO13 Hanmone, R

15 his lecture on the cousirpction of the Baro-Kano Radlway ziven
ab the SALE. in Oeteher kst and subsequentiy prioted n the Aprit
number of the B E Ferrnad, Capb, Alinea was caaly able fo deal with
theat pestione of e worls which had been done prior Lo Jiwe, 190,
A brief account therefore of the bed veads worli up o the time when
tailieud ronehed kane, together with o fow noles on organisationg,
lewsoingkive warl, ot meos be of interest,

It will save refevence do the arlicle in guestion to ghoe o sosnme
ol the madn featires ang divection of the ruibway, Baro b sitaated
qoo wiles up the loft Donk of the Niger; ocean-gding steinuers
anrwing about 11" of water with o corvingg capacity of reaghdy oo
tong, knowa Towilly s branch-boats, can reach Baro during high river
wlhigh fasts fronn the berinnbor of Aadpuss 8 the widdle of October;
thuing Lhe remeinder of the vear the fFeight i cumied by sterm
wheeler bwrs and barees, The railway follows roughly o varth
casterly divection en the firgd scction Trom Bamo o Minoa, wilh
eaelients af 1in 14310 the gpwand, and 1 in 186 in the downwand
Jdiveotion, 3l (mdle 110y i the st engine-chapging station, and
the puint chosin lor the junciion with tle Lagos Guvennnest
Railway.  Ou the next section from Minna to RKaduea (mile 21313,
where the line crosses the diver of ilat pane, the grsdiont is chonged
b1 i o i both directions awing U The seore Tneken watone of $he
eonmiry, Frone Kiclues to Zavie (mide 266}, the junction of the now
line ta the Douchi U Gedds, L ocadicat reoaias the saoee, bot
Froon It pednk g0 Kano {osle 33300 is decrensed 1o 1 e 3o,

The mil vsed i ol British stombard section weigiang 33 106 Ly
e vand and 30" fong, with steel steepers, 7o Ths, i weipght, with oz
sleepers to the el feietl,

Ly June, taio, track Juel bewn laid as Gyoas mile 202 by means of
tuvhinlionss, Lat as the pennanent bridues had only been cranplefed ny
Gur oz Keau (nile 1767, it was decided to ran through teafic only up
tor that poing doring the taiey season whicl fasts from the middle of
Moy Lo the nuddle af Getober,

TraxrsronT OF YTATERLAT.

A pogeneral tale damy new raihway, soch as the ope under netics,
which taps an entirely new and hitherto mmexpleiled countey, B
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cairiage of materiads for construction, provided the hiter is carried on
at anything Hie o ressonable specd, will be greally in excess of wny
publlic: traltie which aoey be expected for the first fow vears alter
construetion i completed.  There are of conrse a few potable
exceptions where areas are upened ap which are very ricl o nabural
prowiucts antd whien requive practically po devilopment to returmn a
fieze and paving traltis, el these mayv be regarded as special cusey.
Iu ihe wrdinaiy circamstances ok therefore assentinl to economy,
that such an expensive itom wx Lhe rolling stock should Be cut dowa
o the absolile wmhinuu pocessary dor constructing the fine
aceoiiing tu the progemes and rake of speed Tidd down.

T this particular case the rolling stock decided upon as the
liwCessary ninimmn, consisted ol eight S-coupled and five d-ooapled
i Lney and five shumting engines, 100 ow-sided and 25 Wirh-sided
hogie trocss, of which ove 8-coupled and one é-coupled engine and
all e high-sided trocks wrived al Bare o Quetober, sgro, and wers
availubile Jor the final vear's progtiinme only.

This quantity of roiling slock wonld have bees imidequitte to tians-
Pt the turge supplics of waterial roquited  at vailhend  whilst
phutelaving was u actoal progeess, e addidon w complying with the
viniows dewkls of il babiast, pick-up tenes, ete, aud tieelore
te: opperamity was taker dusing the ainy seasen ta forward ol
material 25 far up Lhe lse s possilde, Two depiéts were formed Lo
receive ity one b Ko and one at Mitma, to which all permanent
wity and bridge material either on lawd at Daro or arriving there
turing the shipplag sceson was despatched ;e the latter case mils
aml sleepers weve loaded direct froon tie steamers iate trocks.

Mioch extra bandling woukd have bean saved i everything coukd
finve Deen seob dieat to the depdt at Kuge wnd off-luded there,
but thiv wis impossible both besuse the ahanme of smdient from
Pin 13 t0 1 n Ge nortl of Minew cel down by aidout 30 per cunl.
the Joads which any particoley chiss of emgine could pall, and also
heconze the Tanks on tlis porthern section wors nesw and it wis 1ok
wonsidered sale to wol the beavier S-coupled engines coe 1hem
shiing the first rainy season alter they imd Leon mady, so that,
whereas the triins on the Baro-3imm seclion consisted ol 20 Toaded
bugries, aoethe of Miwre 7 bogies were the maxinnam lead doring these
manthis, Fooget the greatest work possible oot ol the teacls, all
those arciviing ab Mimw which conld not be forwarded (0 Kuge
within zg lhows were oflonded and e ehtpty trucks reluroed to
Bara. Tiy this means all keavy material was cleared out of Bate oy
the end of Octoler,

The comphltion of the permavent Lridges north of RKugo was
mesmerhile pushed om, it work was considerubly delayed 5y late aud
exceptionally Leavy raina, The bridges were lpished and bl [oar
miles af Track which still rermained o be laid to weach Kadung were



1g1L.] COMPLETION OF THE BARO-KANG RAILWAY. 223
completed Dy the first week in November. A depdt was at
once started there, to which the material stacked at Minua and Kugo
was forwarded. DBy this time the rains had stopped and the track
and banks on this section were in sufficiently good condition to per-
mit the working of the heavier engines. This facilitated the work by
increasing the train loads which could be taken. The depdt at
Minna was cleared by the middle of December and that at Kugo by
the end of January. The latter portion of this was done after plate-
laying had commenced but the lead was not great so that but few
engines were required up to that time on the railbead section.

The next item which required attention was the picking up of
material on the lower section, which was very important as i was
required for subsequent use in laying the main line ; several miles of
rails alone had to be picked up, the majority being from old deviations
and a very large number were bent and required straightening before
they could be used again.  All was lorwarded to Kaduna where it
was sorted owt and the bent rails straightened by three rail-
straightening machines worked by hand power. The maximam
output of these machines was jo rails a day per machine, working
witl double shifts of labourers.

The one disadvantage in this scheme of transporting material by
successive stages was the expense involved in toading and unloading,
but this was insignificant when compared with what would bave been
the cost of the extra locomotives and trucks necessary to take it
direct from the base to railhead whilst platelaying was in actual pro-
gress, and with the lead increasing by over a mile a day, To this
undoubtedly the subsequent success of the platelaying programme
was due in a large measure, as on no occasion was railhead ever held
up for want of material,

PLATELAYING.

It is unoecessary to describe in detail the methods employed in
platelaying as these were dealt with fully in the previous article. As
before, Lieut. Maxwell, R.E., was in charge of this section of the work.

In the programme for the season as originally laid down, it had
been arranged to start tracklaying early in November, but, as men-
tioned above, the late rains had delayed the erection of the permanent
bridges and consequently the construction of the deviation across the
Kaduna River. The latter was finished on the 1ith December and
platelaying commenced on the following day. This delay was not
in a way disadvantageous as it not ounly allowed of more material
being brought up to Kaduna but also permitted the party in front,
engaged in putting in deviations and minor culverts, to get a sub-
stantial lead of about 13 miles, and so avoid the trouble of previous years
when railhead was frequently held up owing to culverts, ete,, not being
ready. This lead they were able to keep until Kano was reached.

Owing to the late start, and to obviate any chance of interruption
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by an early ralny season, tracklaving had to be pushed on at the
fastest rate which circumstances woukd allow,  The ruling factor in this
was the rate of supply of material, as the platelaying party were guite
competent to lay down as much as could be sent up from the depaits.
The average amount laid each working day varied from 1) to 2
miles a day; this, allowing for Sundays, public holidays, changing
camp, ete., averaged out about 38 miles a month.  This average was
mamtained for the first 115 miles which were laid in go days, includ-
ing all non-working davs. By this date, the 11th of Mareh, such
cood progress had been made that only 24 miles remained to be laid
in order to reach Kano, and any fear of interruption by early raju was
needless and the rate of progress was consequently eased off shightly,
Kano (mile 355%) was reached on Aprl ist, the whole {llbtdl]{,‘t., of
1394 miles having been laid in 111 days, an average of 126 miles per day,
The number of {abourers employed in the platelaying, keving and
first lift parties varied from ggo in December up to 1,270 in March,
The table below shows the actual progress made each month ) the
3} miles shown as being laid south of Kaduna in October and
November were not laid by the proper pl;ueh\'in“ party but by a
small gang, and did vot form part of the season’s platelaying pro-
gramme.  They are therefore not ncluded in the statistics given above

1910 —I911, Main 1ine, Additional Cutling out
Month. Mileage. Track laid, Lleviations.
October 17, — —
November ... .- i) 2 —
Deeember L. 22 I --
Joanuary 363 2 —
Febrouary ... 37 i} —_
JMarch . 424 t 1
April 7 ) 1
Laad, 71 2

WorLn's ReECorD 1N TELESCOPIC TRACKLAYING.

It had been arranged that an attempt should be made to beat the
world's record of 3 miles for a single day’s telescopic platelaving
mrude by Messrs, Pauling in Rhodesia.  This was suceesstully accom-
plished on March Sth when 6} miles were laid. Work was
connnenced at 3.50 aan, and finished at 6.40 pan. A forther | mile
had been laid out, but it was not possible to link it up owing to
the darkness coming on and all the gangs being tired out. 1,622
natives were emploved and 17 Iuropeans, of the latter all but four
were cither Sappers or ex-Sappers.  Three large and one simnall engine
were emploved, the last bemng used solely on taking tank trucks
back to be filled and returning with them to the large engines.
About 3 mile of sdings was laid on the previous day for the
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aceommptabion of watterial trucks, It §s interesting Eo note that
the woight af maifs and sleepers hundled, alone amonnked 1o over
guo tns, sty when e atlenpe of this Riad 45 mwde the average
of work daee soffers owing to the time taken fn prequinitions, hat
this dlied nat ocenr in this case us the Lk Tadd doring that particular
weelt wits 1ol miles, which was well up to the a LR,

WATER S0l

One of the worst diffeuliies with which the offcer in charge of
Bl platelaying porty had to contuml was the supply of wilering
facilities to the engines on the npper section.  Throughout the e
rortherly portion of the Troteetorate water &5 comporatively scarce
s useedl v obtained from wells. Tiea few places tewporary earth
thamg bad been made, tovwnrds the eud of the TRy sulaom, aeross L
beds of struams, Dut in most cases woles Bl 1o be found Ly digsingeg
i the drietd up Beds, and as thoese holes 2oon became exhansted new
anes hid continually 1o be made to replace ther.  Taprovised tank
trecks wore fornd to be ol great wse vnder these conditions ; ther
vonsizted of four goo-llon tasks connected togeiher med crected un
4 lowsided bogis with a hasd paap for pranping inlo the tender,
Three saeb trucks were used, one on the consimction wradb, one with
L engine feeding the comstruction train with waterial, and e Lhind
whersver regpriied maost,

DRGANTLATION,

The ardinaiy procedims i railway constroction is to ivide ap the
lie fute variows seclions each in clarge of an enginest who is
responsible for the whole woek of construction in it seelion, and
who either ludunts for such rolling stock mwd craines a3 he iy
requite or las o certaln nwabner slloited to hone A Wlitferent
srmnization was adopted on the Bare-Kano Railwiy, anehk distinet
branich of thu vawstroction Deing placed usder o separte engineer
wher was diceerdy respousie to the Divector of Raibwavs, Thus the
Platelaying and wafiic were plieed under Capl. Mance, with Lient.
Alaxwadl I charge of the platelaving, and 2 civilian assistant wabiic
manager ; the locomotive depmtment wnder the writer of this article
with two civillan assistants, and the bridging and carthworis respuc-
Lively iuler two civilian engineers.  Tivis svetem ins the undoubied
advantage, where ouly & Nmited quantity of engines and rolling stock
are avivlable, fhak B groatest and mest econonrical mss ean Be nagde
of dhem, whicl it is very difiont ta o whare the contvol i3 sqabit nep
Mnnugst vatous engineers. [k also results i better core beinr taken
of the engines, The men of the R.E. delucdinent were sphit 1y
amongst the various cdepartments wecording to their tedes, Lhe
majozity Leing e the piatelaying pady, bul sovend were ip the
wetamntive department and others criploved on enrthwoks and
fnaintenancs,
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wores oy LoonaoTivi WOoRK,
The locomaives i1 uss consisled of -—
Rix .| -B-a tender engines bt by The Nerth Brtish Loen. Co.
Twe 4-5-o tender engines bt by Hawthorne, Leslie & Co.
Twa z 6-2 tender engines built by Nawwyth, Wition & Co,
Tlwes z-G-a Lender cagines bnle by [awehomne, Teslic & Co.
Thrce 0 §-0 tank shunting engines il by The Tiunstet Bugine Co.
Two o-f-a tank shunting engines built by Hudswell, Clarke & Co.

Tiws it will be seen Liat ne hess ikan siv ditferent types of engines
wore emploved.  This was more or less mvoidable owing in great
speasute (o the cnuinecring strike op the Xorth Last Coist in 1yal,
Lt such reduplication of iypes showll i possible bu aveided,  Spare
ety for cach sopasate type Iave to be kept ol only b Leadiuaters
Bk ab cach ronming shed, same of which may never be used bul mest
b ready to Load in case of breaddows as suthing can be wbtitined
from Haglowt i bess thae two moeths,  Three diffiveml classes
probaily weald have bren safficient, vne heavy and one light tender
class for use on the main tne, and one Baoly by shuntiog class.

Cmiy emsines ikt by frms of the ghest standing shanld be
bought, owing to He rowsh wase o which they are sobjected amd
which smakes it iuperative thit only ihe best muloriis wad worli-
mralship sitentd be used. Two instances ogonsred of newly-maede
banks subsiding under the weisht of beavye engines, the engine in
thes e et Luriug over ou its side and in the othor tnroiug over
and sliding to the battom of w8 bank. T the first cose the
cuging was at work again within fve days of buing righted, and
i the weeomd the engioe was taken dnto the shops il overlavled
Lut had sustained no materint drsrase beyvord the breakage of o few
minen details such as Lunps, ghvses, ete Tn hoth cwses hid the
aplerialy or worlneship, cspecially of the Doilers wed Fumes, been
iany way fanlty, sevions damage woarkd huve resalied.

The uestion of spave parts is @ most inportint ore, and o purchase
i very cosnnlele supply of these, capecially for the first years wal is
mnloubtedly an ecotomy,  They eun wsawMy be Lamed oun: cheapey
apdd Lelter v Engloed than o the local worlshops, sl o L suse
of stell parts a3 canuot be made locally an engine may be Jaid
For 2 doug time awaiting the arvival from England of seiee necessary
pact.  This does not apely so fully o the cpse of brses, bushes,
ete., ne, Unfess o lorge proportion of these are made cally, il
difficult Lo find a use for the serap brase obtained fron the old ones.
Tiven in this case 1 coanplete sapply showld be stockard for the fist
vear, Tl ruining sheds along the lise aust b kept supplied with
i suificient omnber of such spares {or pormal rimming scquirenents,
and veplenizhed as required, J6 Bs very useful if tine penmits 1o
compile # * Narual Stock List" showing the aormal stock it iz
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proposed to feep on band ; this also simpliies the work of making
wp vearly or hal-veacdy donts, o hese remeardes, as e Lhe previans
ey, iE i assmned that thees i no large parent tine or workshops
vlose at fand from which stores can be aligined.

Amiple stosage swecenmmaodietion also repats the extr expenditnres s
stores ean then be properdy sorted and looked after, whereas, wiisre
little space is provided for the purposs, there s o mreat lisbility Lo
voafiesion il consequent waske,

The sectione into which the bne was splil np were rownbhy dinai
tio miles loug, & running shod Leier proviled Al the end of each
serdion ; this wlzo constituked the nosmnd ran for an engine ok its
driver, Theee sheds were all provided with wieed pits i eklition o
the orcinary exmmimition pit. The fvpe used condsted of 2 couerete
pil. af wllicient deptiy toadmit of a paiv of diiving whicels beiung dropped
vt clenr of e engine standing over the pit. In e top adee of each
Lrsesvenge wall of the pit o cross-girder was beddoed into the concrete
and to it were baited the rail-bewsng givders which took the weight of
wny engine passing over. The short lunplis ol mil aoross te pit
woee fisiiplted i the ordinary wov il so both the rails and girders
were easily removed after an engine hod been placed tu position over
the pik, The wheols wore Swen Jaseered by o lemvrcorevewd ek onton
troafbey ot thes bottame of the pit, whicl was nmade sutficiently broad ou
ote side to allow of the wheels Belng rabsed, W vecmssary, wnd kiken
wway Clerr of W eaginge ahove, Tt bs teresting to note how littls
mse 5 made in lnginud of wheel pits, the work of removing wheels
beity very often done by the climsy mathod of jucking ap the
enging, which, milese eamre iy talen, is also more dangzerons,

Where Walschnert or other fovms of exterial valve gor ace used, s
wieful Evpe ¢ Inspection p s o which T o nomow pit remming
aleny cach side of Lhe main pit, the rails being carrigd on walls runniog
vetweer o the subsidiary pits are about the seme depll as e main
one. The mén dalsibad fo deany work on the genr can thas stand
tes thy ik insteas] of laving Lo kreed or even le down a5 is ondinartly
RS IATACH

Crremt, diffionlly wis experienced i the last year's platelaving in
reaping the enzines on the northernmnst seetion i duceat FrIIEaE
vider, as the roonmyg sherlt smd water supply ot Kodane were not
compieted wntil alter vaithead fnd veached Kano, by which time the
mxn stresz of the work was over, This meant thal ne proper
rmming tepairs could be cwsied oel north ol Minma which was 255
miles awany from Kape, To get over this diffionity a temporary
wheal pit was made at Redona ) aosie contabsingy goomd fivan sail was
chosee el w ol of the ordivary dimensions excavated. This was
lined with sleepers for ity wlole depth, the sleepers heing beld o
position by ralls diives as decp ws possible into the grouod, and
anehored buei. Girders and radls as {oe the ordinary wheel pit were
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imud,  This worked whoicably as = temporoy cipedient lor over
three wmotths, and emabled work o be eartied out ob Foduea which
would othenwise tve had o be sent down te Minna,

The absenes of any facilities for washie ol cagines ol Radms
presctited more difficulties, ws the water on the wihole of the Kudusa-
Rong geciion way oxlremoedy il Fhis secessitatal Toquend clhawg-
i ol engines and sending them gight back at fivst 1o Alinng
whoneven wasling out booone sueessary,  Latter]s this wis remudied
b an ingenious apparatus devised by ous of the Assizint Tocowostive
Supetintendents, (i the Nonh Buiksh Leco. Col's eagines the clack
fox o Bl Jnjectar el o ook to shut oft connectioun with the boiler,
aed lse nscrewed cap on top witch could Do ranovad for puroses ef
inspection. A coupling was made which serewed ipo the seating of the
Latier nanl conglesl at dhe otlier snd b a looy dength ol avmo e Lise
fitked wicl o wish-owl nowmle. LThis coupling was attuched to an
choine buder sleam, the stop-coch to the engine naving st bewi
chised o then, whan the jeoter wies worked, i1 delivewsd 2 ol ol
water througl the wash-out nevzle at vers histh pressure. . The engine
which wias to I washod oot was then pulled alongside the oue mnider
steearn and coull be washed oot very auickdvand slfimently. Another
advintage was that the watey wsed for washing oul wis very hot, and
iE s eer necessacy thercione 1o det wbe engipe oot doewn bolore
washing ovt which shoold abways be done when ool witer s eeed
vwing te the 1isk of damage to the boilery from the sudden changs of
{eanpeenbure, The gem cosbl be §ted 1o al the XNorth Beitisly Laea,
Cols enmsities, so tiat any ongine of this class which huppencd to e
available couid e uwsed to wosh ot sy engine fequining i, "Lhe
ftlzx T2 a0 mest onwe, By eeo oely D adaphal for e with njeclors
haviug the clrcl box separate frons the main mjecton

Tl rining slhieds were fHted witll thie ordinary Leneh and forge
togetier with a firly bope slore wad altics Ter the fomsmmin o
tliiver i charge ; the one ab dinna had alao posmall Tood-Iatde and
Lizlshiesrieg aclkne,

Tle main running avnoonents were sinileie to the ordinary
practice; an abtenipt wis ot one tore made to let each driver bave
Bres o enmine s il benads toomake hine leok adter L Sokler, Tl 35 was
fownd to be inpossible during construction owing (o scorgity of
ensines and cases ol siekues: amongst the dobvees,

Each enpine wis at fisl (ded ool with o complote set of toals
wlichh was handed over feom driver o driver, Bl toals, sueh as
SPOOMGTS, Woes, ws abways, mogread dennnd and bhad a omvsienoos
lipzels of disappearing off the enmine when it was veay men belonging
to alher departmcits A pew systent wins then instituted ; no oo
were dsued o engines, b el drivee wis given o Teekoed-ep tool-
Lox Atted up complere with tools, govge glazses, oty which be took
o Lo wlikeheros sagine fe waa detaled for, and for s los the didver
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wies responsible,  The resubts were oxcolbent, the drivers liked it os
they could rely on having a [ull kit of tools and very fow tools
tharppoenred dfier it was staried.

IFUEL.

When the line wis projecteid 3¢ had been inicoded to lnn ceal,
Lk thie greater postion of the tirst vear's supply went astery, I was
therefime necessary to booy wood ondy at first, and the consignments
of coal which did fnndly aerive were so small that mixed woorl and
coal had 0 be used,  The resulls were swrpdsingly good, especially
with s of the bebter woods, considering that the fire baxes had
not been specialiv desizied for the parpose.  Tven up te the end of
vonstruetion, partly from motives of ccpnonty [coal at Bara costiog
s o lon) but maore largely owing to fvar of shortage, mixed coal
and wood were tsed except during the rainy szason, On the shunt-
g comines, whero heavy stemeder was ot requived, vond alore was
wsed practioalis the whote time. For main liue work the steaming
gualitios of thw mixed fuel, although of course not to lo annered
with Lhose of first-mte conl, wove sufficiently good results when it
wis usetl judiciously and the wood well senxoned. The main dis-
sdvintapes were the spaks, the quantaty of ash and the dalts for
reowooding as a kender load of womd s consumed very guickly.
Word fusl was slacked ab every watering statfon which were from
ag to 25 miles apart, and the mags of woodonilers and watar boys
stationed at these places assisted in lowding up.  The wsunl quantity
of eowl allowed i lese cases was about 20 1o 25 Tbs, per wile.

The eost of fTeight on Lhe conl foomed such a prepowderating
anoant of the total cost thal it paid te oblain the very best Welsh
coal. This was dane i the eavlier consigaments, bul the wastage
caused by the eguent rehandling o sleamer Lo steamer was 50
oreai. Lt quite an appreciable proportion was losl belore it ever
reached DBurn, wmaore especiolly So the cise of Welsh coal which is
very Hable to crumble,  Subsequently Patent fuel was obtained, the
wastaze o whicl was very small and which bears trausport and
gxposure Lo weither very well.

PERSONNEL.

Tles engine drivers met with on conslonction, especially in Afica
are wsually, [ osaderstond, volling stones who go on Fom Gre coi-
stroclion job bo aunilier 08 ther canr eom better pay L on opuh-
liw wonli; they aee a pretey roush olass, wnsteady and somewhat
addicted w drink. The diivers an the Baro-Kann Railway, with
the execption of grht MO and sappers, were drwn enlirely
frenn Poglish milways;  they were mostly  fromen who  lid
pageed as drivers bl bad Lo wait some time befors there would
Le vaeancies for them as drivers, owing 1o the slow promotion.
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They were chosen very cavefully both by examination of thei
previons recomdz and Tee pevsousd dnlorvicow, They provesd to be o
remarkibly stepdy and hard-working seb, (wo essential gualities
where men lave Lo work very efien #on their cws 75 D lael on
single caze of drink ocenrred duving the whole dime, The worl: was
very trying and the boos long.

Che Heomesn ware natives, e majoriy of whont al {le siart had
never seen o locosnodive Lefore, and, althousdi they improved ad
wWill mipwove Duthee s tnne o o, iy were never effivient. Uiz
of coutse Unew o Lot moee work wad responsibility an Hie drives,
The zame drivers and Aremen plways worked toocther so thal the
ariver reaped the advantare of aev nstoction b fmonrled.

Nalives rom the const colonies were used for the shigeling eigines ;
i Teeneh West AfTica wative drivers are simphevat thioughoul, b,
althourle Bl Fronet wathoes sebizaos appesr o be wore inteliigent
than the English coast natives, I think the white drver, although
much more expensive, i morte ceonntical in Une lowg o whan
vepnnies srd upkeep af stock aee laken e considerlion.

WORMLHOES,

The worksiops ar Baro waere sinple and mexpensive and call tor
fithle cominent.  “Lhie only item of special intores) was the gear sl
fior engine creclion; ibis cenzizted of o tall zanoe bile up ot
of 12"x 12" boanits, the il @ekle being o i3-ton differential
tachile.  This sorved Hs peoposc bub s sow Twedng replaced Gy oo
praper traversing overhend crane,

After the fest year all wooden slecpers, jouisls, ole, wore enl from
Tesl Bl Tz Gl used sosd was s ospecies of baslard maho
Zuny; the lorest was siluated on the line about 2o miles north of
Barve, swwhure the sawmdll was wislaBod, the timboer Bedur Deoede
down in the Tog, Te was impossible to erect the sawmiil on e
actuad sibe a1 was too unhealthy, The mill coosiste) of 2 oot
Lowr el saw Tor aplitbheg wp the logs, o large cireolar saw with
selt-moving lable, two smdler clrcabar siws, o plantng and surkwing
nuecling, sl the wsund accessories such s saw-slurpening machines,
The enief trouble expearienced wis in the warping of the thimber due
t laving inswfficient time which could be allowed for somoning in
ortler B0 ke ugn with thes henvy demaels for sheepers ancd scantlings,

Amoace miloling, 2 sodnownter nuehine aud o larre condensed waler
appalaius were attached o the workshops wid wndonltedly coan-
tributed Yngely Lo the comyrrabevaly el bill of Tusallk,

Coast natives were emploved i the worlshops supervised Dy
Burnpmsan foreimen, but they woie sery inaffiaent aiul all special waork
lizd to be done by the white forvwen, 1t is hoped (o tioee however
o insiLURS @ proper apprenticeship schivine gor Wwaiking the walives ol
tlie pountry bt cnretn] whike sepervision will alwirs he 1 necessity,
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By v bgenoroun”

INTRODUCTION.

i INsPRCTO " s, for some e past, been concernel witl praaplog
machinery anging up to $o-H. P wwl with varions direct curand.
clectrical instadlations of small size.

Tl * Eehosz ' dend mire paticulatly with the plals alove
peferred to, Tad da arder o harmomnize thew s a whoie soue use has
heen made of those widuable wids to the auther of a techiical
paphlel— Suissors and paste”

TIIE P3P TFARLELY.
Roio Nao, g,
PUMPY GENELALLY,

The e Gunily is i numerous ane and it would be boyaand the
seope of these notes, as autlined In the © ltvoduction ' to deal with
all its many hrancies; attenlion is Lherefore condined Lo Ehe nore
ot virielics,

Fn order to avoul ambipdty ttowilt be necesary to deliog briefly a
fivw lerins whick, in puempizy liternture, bave ool always got oo
univerzally accepted wmeaning,

The terts g™ aud @ pumping engive” are leated as Deing
it changeable aithough this may not be altogether accuraly. e
o ks not of supictie impartance. A triplex power pump ceriainly
fsa ©enp " and not a amping enging ; the some may be said of
certrifuzal prang, bus what aboul the ordinary steam operated hoiler
fted pump?  Strictly speaking the steam end of a pumping engive Iy
& steam engine, and the water el @5 2 pump.

Tt will L enmveiient to cail those reciprocatiug pumps which have
ne Tokary motion wimteser in their main parts  staight line tnps”
The snieller parts of sach punips may however lave a sumb-rotary
mavement .., when fitted with valves of the Goliss type {zee Made.

Straight line pumps may be cither siuplex ar diplex. The
ordinary @ Wenthinglon® pwap may be quoted as illustrading the
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latter class ; of the former chss there are several tepicd examples,
Mracle by such fiers as Mumford, Wedr, Jovitas el athers.

Tiere s some umbisnity i the mganiug iesigned to the term
“divect acting” when applicd to pumps.  One of thie mevits (hat Las
heen chdmed tor the  Worthington ey of prenp 15 tlat it s aliveet
actiuz, 1 i perfectly towe that pomps of that iype are (litect
acting, but the term bs equally applicalils o every puping enging in
which the pumip red forms a disert continuation of 1he sieam Patan
conly mind it i3 supested hat the tonn is no loss applicable to any
rmp o owhich the recipprocating moverent of e prston ol Bk
directly sepoduced in the puinp eod, withont the juiervention of
crimks or levers between the two, whether the peemn hagnens to by
fitted with o flywlieel oy not, g the ondinary wall Donkeyr Pumn,
Ak punps of the * Cameron ™ bype are examples of direst acting
fiywhee] pomps.

The Legu variety i type suggests (e conclusion thes no oue fvpe
Ta Lhes hest under zil chvumstances,  As to whieh s the best for HHLY
partichian caze is often a debutnble pai,  Some compromize is
penerdly nmveittalde since Lest " wmay mean, e cise Lhe
cheapest, in another, the moest eeonoical in sicam cab:mnpiou, awl
50 v I rossidering Ure relative merits of difforent fefes, it omust
be o presupposed thil wach type i oequallv well made,  Fhe lact,
lowever, remains that, to some eatent, certgin meakars  Iove
speciabiscd i the mivwfactace of particular wvepes mind it i beyond
faestion chat some numndwturers cip be betior relind wpor than
others Lo ase mawleninis of the highost class, One s therelne, under
calain circumstonces, unaveidaliy oppressed with o ircling of -
certaiity belorelumd s to whit tvpe will bost st the fuguircinents
Lo e mt, Tre that case it ondy wmaiss to speaily the daty winel
the pump has to perfoeny, as well as the genuinl ad gpeeial fictors i
L case § sclend, I possible, the Hims invited 1o terder; anid then
cheose, rom the olfers veecived, that pump whkieh i best ™ living
ue rezard to tiest cost, s pusrinteed slemn COnsUmption, nnd
possibly also to somw other points swd ae simplicity ol case of
wrecling,

e of the bost exanples in varets koewn to the writer is in the
Hammwersmith punping station of the Metropolitin Water Board.
Although the plant is on oo Javee seale Uue staion s well wanh
visiting L any one interested o posuping mrehinery,

Tlis echo moy be advantugeomsly concloded by o postelate 1o
the effect thar, unduss it ds otherwise stated, all Pl hoetwecn
wlich comprisons wre mde are supposed 1o be do first-chess warl
g orler. It i negcessary o mnption ehis i order to climinate
e wncertam sarizbles dee to wear @ Goilithes  for repiains el
renewals oot
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Ciry. i Lipt Pusepe—Ad i pumps wie nof dealt with herein,
The TTerder Supfly Slamead issusd by (e War OlGec In 190 wmay be
comsilted.  lnspueator” has comie acress bot few pumps of iz
type in s wanderings, and G guestion docs oot seem to call for
wiy Dusiness with the st pot,

(). Aydvenlic Rams—Hydoulic rams must anlorienately
clagsed witly air LT ponps except thid s e questicin 15 considerably
simpler i few general remarks are perhops permissible.  (Fide also
ihe TPeder Suppdy Manaalh

Rawns may be divided into two eleses, TA7 and "B In A"
class the ran pumps pact ol the water which i suppliod e work ik

YR class the mom s ossmeersd 10 pamp walor ITom one s0URCe
when suppliod with wider frow amether seammes, bat the seckion Lilt
of the waler paped shoukd not exeeed 3'or & 4 B cluss o there-
fore be used to pannp clenn water aud 1o be operated by {n larger
voelinne oy clirky watker,

The ratio between diving wader angd water pumped depends paotly
wpon the design of rw, but chiefly upon the relationship between the
Freadd availalile far working the qum aod that to which the witer s
pueped.  IF the former variulle is neglected then the Jatter relution-
ship aw be expressed generatly in the fmm

N
gx 17
where “ 07 is the quantity of diiving water, * &7 the head wnduer
whith it works, “ o " the quastity of woler preped o a head * 11
Fm‘ example if H=1ax', aud /i— o', then substituting 4 H o Ter 0 "
iz lhe above equation we get ¢ — 'y (O In otler words [ th of the
t]rumq witee s pumped ta heighit of too’ il the deiving head is 1o,
This general vule is howesver If}i}!ﬂﬂiﬂﬂtt oy since the mraker e
Qiffeven: o between * F17 and &7 the Tess efficlent. will the T be.
The driving head omy be spyiling over 3 up to ose-lell ol the
el pnmped against.  For o driving bewd up to 02 tie drive-pipe
(o < flume 7y maay be vortical but v higher heads it shouled be Td 10

0 avelnpe ﬂ'i‘ﬂil]tllt of 437 in osber Lo avoid severs shocly en e

Trdy ol Lhe e,
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thie delivery side.

(). Fxpress Dwmps, Exeepl to mention them as o e cern
Pranen of the Gmily, # cxpress " pusps are Lol briey dealt with 43
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they do not Hgure ab present e 9 the engine oow.” By @ Hxpress
Puntp " & eant Bt cless ol teoipwocaliog prmp, in wlich the suckion
mnd delivery vaives, or possibly opty the sweHon valves. are
mechanically opoatad, theray rendering it pasilis 1o ran e
prumga At g gy speed Le quicl; revoligbio, )
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lagter  pumip,  ouwnntectired by Mests, A Barcdox amd Co,
iluarneclk, has figured b the proceedings ol some of the engneering
sofreties, el L Goon wsed Lo osomee exland Sor moine wark. Tbwonndd
seenl bt nopump owhich i enpable of standding ip to e frvine
conlitinmsg of wite-pamping should kave #o0 past the teething stoge,
and enghi to be good cuossl for genoid s,
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relutivels high puriodicity @010 bas o Loee valve aren, given Iy o
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FoHo o, .
INILC TORS AND BIECTORS.
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ax Lhe nonpal deviee for the purpose.
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Boslennst steaom dvpes witd nuxilivey Bve slean conneedion, capalble of
workiy against pressuves op o 2eo B, per square inch when supntied
Wil witur et sxaeeling o tomponeture ol 7o Fadesnheit.

Live stemm tvpes, fting aml non-Biing, and for “ haot " and # cokl”
willer,

Althonzle the Lype aud potiere of injector shoold D selected with
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stent. Apart from their nse as air exhamsters, referred to i Zcho
Soeiy, lve stoum gjuctors are incipaily of vikue i " the vagie
raote " for iugeviittently temeoving waler from uoanns, ale

Injectors and cjectors apprecilbly tase the wmpervture of the
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water passing through them. They are not efficient *pumping
engines,” but this want of efficiency is, to a great extent, counter-
balanced if the arrangements enable the increased temperature of the
water delivered to be made use of advantageously.

With steam at 50 Ib. and a 20’ head an ¢jector will raise the
temperature of the water about 20° Fah. Therefore theoretically
1106 — oo b, of water will be lifted for every pound of stcam. (Vide
Echo No. 4). The steam consumption per P.H.P. hour may how-
ever be taken at between S8oo and 1,000 Ib.

Although, under many couditions of steam pressure and tempera-
ture of water, cither device herein referred to will satisfactorily “1ift”
its water an injector should preferably be fixed so that the water
supply thereto is given under a small head. Tor the live steam
gjector it is usual to allow a small lift of 2’ or 3" if the total head to
be worked against exceeds the suction lift practicable having regard
to the temperature of the water to be pumped. For both classes of
apparatus the supply must moreover be given under a steady pressure ;
neither apparatus will work satisfactorily if the supply pipe to it is
taken off the delivery pipe from, or supply pipe to, a reciprocaling
pump which is at work.

Makers' cataloguies may be consulted as to such details as steam
pressures, maxinnun lifts, heads, gallons per minute, temperature rise

of water, etc,
Ecno No. 4.
PUMPS OF THE SAVERY TYPE.

The best known type of *Savery pumping engine” is probably
the “ Pulsometer,” but there are several engines of this type made
by different firms such as the “Expulsor,”  Aqua Thruster,” and
others,

Although a “ pulsometer " is a very much more efficient apparatus
for shifting water than is an ejector it is nevertheless not suitable for
a permanent water supply.  On the other hand a pump of this type 1s
well suited for work of a temporary nature.

Makers' catalogues may be referred to details as to steam pressures,

lifs, etc.

Steam Pressure (1) Head, Feel
200 e 40
50 eeeen So
6o . g0

For suctions above 3' a fool valve is desirable but if possible the
fift should be kept low., For heads above 20" a reflux valve should
be fitted close to the pump. Air vessels on suction and delivery
should be provided if the distances are considerable,
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Maximum head recouimended is not more than go', although
some types arc made for lifts up to 130",

For a lift of 20’ and with steamn at 30 Ib. pressure the temperature
of the water passing through the “ pulsometer " is raised about 4° Fah.
If the number of B.Th.U. in one pound of steam at a pressure of
50 Ib. per square inch is taken as 1,100, then this 1 1b. will raise the
temperature of 110%=275 1. of water 4% Fal. and theoretically 1 b,
of steam will be required for every 275 1. of water lifted.  The steam
consumiption per P.HLP. iour may however be taken at about 300 ib.

A “pulsometer,” and its suction pipe, must be charged with water
before steam is turned on.

cro No. s.
PISTON PUMDS.

The ““thing” that pushes the water in a piston pump is so very
similar to the piston of @ steam engine that vo special explanation as
to the meaning to be assigned to the term “piston pump” seems
necessary.  In a pump however the piston is sometimes called 2
“bucket,” although strictly speaking the term “ bucket ” shouid only
be applicd to a piston containing a valve, e.g. the bucket of a bore-
hole pump.

Both in the steam cylinder and in the pump cylinder the piston
ttself is a comparatively easy fit in the cylinder, and in either case the
piston must be packed In some way, in order to make it fit the
cylinder closely. In the steamn cvlinder, as is well known, closeness
of fit is attained by means of piston rings which are generally niade of
cast iton.  This procedure would not be suitable for a water punp, as
the rings would soon rust up and fail to efficiently perform their
proper function. There is, however, a considerable choice as to the
material to be used for packing the piston of a water pump ¢,y leather
cups, rope or other fibrous puacking, rubber, chonite, or vulcanized
fibre rings or discs, aud, for certain duties, metal vings.  Leather and
rubber are suitable for cold water only ; neither is of any use if the
pump has to work with hot water, in which case either chbonite, or
vuleanized fibre, seems to give as good results as anvthing clse,

If the pump is to be used with hot water, say 120° Fuh. and over,
the evlinder should be fitted with a renewable brass liner, and the
pump rod should be made of bronze.  The brass liner is useful in any
case for a water pump, but its presence entails an Increase i cost.

Piston pumps are used for boiler feeding for all ordinary pressures,
and for “ general service” for heads up to about 300'.  They are
not suitable for use with gritty water as the cvlinder, or liner, cuts
too quickly and the piston packing only lasts a short time. An
exception as to their use with gritty water is however referred to uuder
the heading of “ Bore-hole Pumps.”
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Ecio No. 6.
PLUNGER PUMPS.

So far as concerns these notes, by Plunger Pump is meant that
pattern of pump in which the business part of the pump, corres-
ponding to the piston in a steam engine, consists of a hollow
cylinder, the length of which is considerable in proportion to its
diameter, The bore of this cvlinder is closed in the middle by a
stout partition to which is connected the pump rod. The pump
chamber is divided into two similar parts by a diaphragm. The
cvlinder or plunger, slides to and fro in a decp siceve which is bolted
to the diaphragm above referred to, With the aid ol a suitable metal
packing ring, a watertight joint is made between the sleeve and the
diaphragm ; the sleeve {its the plunger closely, the all round clearance
between the two, when new, being of the order of oroooz3” per inch
diameter of plunger.  No packing whatever is used between plunger
and sleeve, and it is rarely necessary to refit the plunger and sleeve
until the clearance between the two reaches ten times the figure
given above. Ordinarily the plunger Is made of cast iron and the
sleeve of gunmetal or bronze.

With the arrangement described, no attention whatever is required
for years il the water is clean and free Irom grit or silt.  Further it s
possible, within limits, to alter the size of the plunger used if the
actual pumping conditions render such a course desirable. In one
case with which “Inspector” was coucerned new plungers, 30 per
cent. greater in area than the original plungers, were fitted because it
was found that the actual head against the pumps was cousiderably
less than was anticipated.

This type of pump is referred to in the Worthington Pump Co.'s
catalogue as the “ Reguolar Pattern,” or as the “ Plunger and Ring”
pattern and is regarded as suitable for heads up to 350"

The piston-like “thing” above mentioned is legitimately called a
Plunger, and therefore it is not unreasonable to call the pump con-
cerned a ¢ Plunger pump,” even though the term may be sometimes
used to describe pumps which are referred to i these notes as
Ram pumps.

The pump rod is generally made of mild steel but the extra cost of
bronze rods would often be justifiable, cither when the pump is
tiable to be left standing for long periods, or if the water is at all
corrosive. In either case what happens is that the pump rod
corrodes, especially where it is not much polished by the packing
in the gland, the rod then gets rough, and this roughness soon pulls
the packing to pieces. “Inspector” has not, however, come across
a “general service " water pumping engine with bronze pump rods,
although many boiler feed pumps have rods of that material.
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Ecuo No. 7.
RAM PUMPS.

It is scarcely necessary to define here what is meant by a “ Ram
Pump ” as the term is not ambiguous.

Whilst ram pumps can be used for all pressures, pumps of this
type only, should be used for extra high heads. Ram pumps are also
particularly suitable for use with gritty water,

The rams may be either of gunmetal, or they may be cased with
that material, or they may be of cast iron ; the class of water to be
pumped is undoubtedly a factor in the case. The writer is acquainted
with differential ram pumps with cast-iron rams which have been
working satisfactorily for some years against a head of over 1,300,
and in another case the rams are ol gunmetal and the head is over
1,400'. From this, one may conclude that the head has but little
bearing upon the material to be used, although the textbooks rather
favour gummetal for the higher heads. As in the case of the rods
of plunger pumps more important considerations seem to be (i) the
quality of the water and (ii.) to what extent the pump is likely to be
left standing.

LKcuo No. 8.
DEEP WELI, AND BOREHQLE PUMPS,

Deep Well and Borehole Pumps are dealt with at some length in
the Water Supply Mannal, but it seems permissible to make some
supplementary remarks here.

Although water mayv not actually be within suction distance of
ground level, it may sometimes happen that it can be obtained within
the accepted limits of suction lift it the pumps are placed some few
feet below the general level of the site. Three such instances are
known to “ Inspector.” In one, a steam driven station, the boilers
are placed at ground level and the pump room floor is 11’ below this.
The plant is condensing, and the condensed steam is dischwrged at
ground level by the aiv pumps direct without difficulty and without
harmfully affecting the vacuum. In the two other cases the pumps
are driven by oil engines, and in each case the engine room floor
is about 10" below ground level and the pumps are about 10’ fower ;
the drive between engines and pumps s by inclined belt.  In other
cases, if the vertical distance between pump and cogine is small, an
ordinary vertical type of pump can be driven direct off a vertical
engine if the pump rods are svitably extended, up to « limit of about
15" or 20" depeudent upon the size of the plant.  This method of
dircct driving is applicable to any ordinary project provided the
pumps are single acting on the up stroke ie. as in the standard
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type of deep well pump. Double acting pump ends can only be
used if the vertical distance is short.

By placing the pumps below ground level as suggested in the early
part of the preceding paragraph, long pump rods are eliminated and the
whole of the plant can be placed under suitable cover and can there
be readily given proper supervision, However there are many cases
when the punp must be placed down the well and be driven by rods
from the surface. When so situated the barrels of the pumps should
be made of brass or gunmetal in the smaller sizes or be “ brass
fitted” in the larger sizes, and in any case the pump rods themselves
(Le. not the well, or “spear,” rods) should be made of bronze or
similar material.

Having regard 10 the cost of constructing a well large enough to
contain, and give access to, a well pump, pumps of this type are
not ordinarily used for heads above 150°, and although such pumps
could doubtless be made for any reasonable head, it is believed
that 4oo' is about the maximum for which they are constructed
in practice,

If it is expected, or found by a trial boring, that water 15 not
obtained within about 200" below ground, a borehole pump would
usually be provided in preference to one of the deep well type, It
frequently bappens, however that, by extending the boring, water is
struck which will rise to within 150" of the surface, and in such
a case the storage capacity afforded by a deep well may be advan-
tageous, (Vide account of Sheerness Water Supply in R Fournal
for July, 1909). A decision as to whether to make use of a deep
well, or a borehole, or a combination of the two, must be arrived at
upon the merits of the case; but corresponding to the lmit of
150 as applicable to the deep well pump there is @ normal linnt
of 300’ for the borehole pump, and although the boring itsell may be
considerably greater, it will not usually be justifiable to pump from a
greater depth than 500",

It is sometimes thought that a deep well pump will only work
when above water. That is not so, but the trouble is that if it
breaks down when submerged it may be difficult and costly to
recover. A borebole pump, on the other hand, is constructed to
work submerged and is so arranged that the rods, and bucket can
be drawn up for inspection and repair, and the clack or bottom valve
can also be *fished ” up and replaced.

Deep well pumps are generally driven by rods off a “top gear,”
consisting of a well frame, crankshaft, gearing and possibly fast and”
loose pulleys for a belt drive. The driving power may be electric
motor, oil engine, or steam engine, but in cevery case, unless the
space available is insufficient, a belt drive should be used between
the motive power and the top gear.
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The “spear” rods need guiding at about 10" intervals to prevent
swaying and other irregular movements. The type of guide will
depend upon the design of rod adopted, but the simpler the guide
the more likely s it to be satisfuctory in operation.,

In some cases the pump is fixed in a dry well excavated alongside
the well proper.  This entails extra cost, and seems to be quite
unneeessary.  With reasonable precautions there is no reason why
the water in the well should be polluted either by oil from the
pump gear, or otherwise, even though the pump is fixed in the well
itself,

A characteristic feature of the DBorehole Pump, compared with
other reciprocating pumps, is the length of stroke relatively to the
dimmeter of the bucket. The amount of space available in the bucket
for valves i3 strictly Hnited and therefore rapid reversals in direction
are inadmissible.  Consequently, if a considerable delivery of water
is required, a long stroke is essential. A “straight Jine ” engine is
the best for driving a long stroke borehole pumip, and can be obtained
cheaper than any flywheel engine of equal quality for the same duty.
Moreover it can, if necessary, be readily fitted with suitable pausing
gear which enables the valves to seat properly at the end of each
stroke belore the return stroke commences.

It is scarcely to be expected that a deep well pump will receive
such careful attention as a surface pump, and in the case of a bove-
hole the pump camnot be examined without withdrawing it ; hence
in neither case is it desirable to put more work upon the below
ground pump than is unavoidable. If the total lead, from water
level to pomnt of delivery, does not exceed 150" it may be effected
by one lift, but even in this case if the size of plant exceeds 15 P.H.D.,
and certainly in most other cases when the total lift exceeds 150"
it is preferable that the below ground pump should deliver the
water into a sump or tank at ground level only. Irom this sump
the water is pumped by an altogether scparate pump to the dis-
tribution reservoir or other point above ground level.  Both pumps
may be driven off the one engine.

In all cases of pumping from wells or borcholes there is likely to
be a good deal of grit in the water at first, and therelore, if the
permanent plant must be used for dealing with this water, it is
desirable to allow the bucket to be a comparatively easy fit in the
pump barrel to start with ; the slip of the pump may bLe high, for
the time being, but the bucket and barre! will be saved from
excessive wear,  This suggestion only applics to bucket pumps,

In concluding this echo it is only right to say that a more liberal
use has here been made of the scissors and paste-pot than in other
cases, as “‘Inspector ” has had but little to do with deep well pumps
and nothing to do with borehole plant.
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Ecno No. 9.
CENTRIFUGAL PUMPS.

Although so far as is known, there is no really good literature
dealing in popular language with centrifugal and turbine pumps, 1o
comprehensive attempt to remedy the deficiency is intended here.

Since the introduction of turbine pumps there seems to be a
tendency to regard such pumps as the best for all requirements.
Before the advent of the modern turbine pump, centrifugal pumps
could only compete satisfactorily and economically with reciprocating
pumps when the conditions necessitated large quantities of water
delivered against relatively low heads. For such requirements the
centrifugal pump still holds its own, and the improvements in the
designs Of the centrifugal pump w hlch led to the evolution of the
turbine pump has enabled such pumps to be used with advantage
under a considerably extended range of conditions, but by no means
universally.

The head against which a centvifugal pump will deliver water
depends upon the peripheral velocity of the impeller, the relationship
between the two being deduced directly from the formula V= J2g.H

A lift of about 100" was about the maximum for which ordinary
centrifugal pumps were constructed, and although the usual lifts were
considerably Tower than this it was possible by coupling up two or
more pumps “ i series” to reach heads much in excess of 100",

Although various manufacturers of modern turbine, or  high
pressure ” centrifugal, pumps claim special merits for their own type,
it 1s questionable if there is much to choose, in any way, between the
best of the different makes. The turbine pump seems to owe its
development to a combination, of the “ Venturi Law " and the
centrifugal pump. There is little doubt that the efficient conversion
of velocity into pressure entails carefully made and exceedingly
smooth passages 1 the pump. It seems equally certain that the
efficiency of a turbine pump depends greatly upon the correct form
of the blades of the impeller,

In turbine, or high pressure centrifugal, pumps the series arrange-
ment above referred to is still adopted for high heads, but in modern
pumps the various impeliers are enclosed in a suitably designed single
casing.

Practical considerations limit the number of r.p.m. at which it is
desirable to drive an impeller of & given diameter. This reason,
amongst otbers, enables a single large impeller to be used for heads
up to goo' if the quantity of water to be delivered is large, but if the
quantity is small, entailing the use of an impeller of small diameter,
the head attmnable by a smcle mmpeller, is more than correspondingly
reduced.
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A general rule may be deduced from the above cousiderations to
the effect that a centrifugal {or 2 turbine) pump should only be used
il the number of gallons to be defivered per minute is equal to or
orcater than the total head. The charming simplicity of this rule
leads one to suspect its justification on scientific grounds, but it may
nevertheless be taken as a useful general guide,

Apart from the limited use of centrifugal pumps for handling large
quantities against low heads, ¢.g. drainage, irrigation, dock, and
salvage work, circulating the cooling water for condensers, etc., their
descendants, turbine pumps, are most largely used in connection
with electrical power schemes. The speeds at which it is necessary
to drive turbine {and also centrifugal) pumps render them suitable for
direct coupling to electric motors, especially to A.C. motors the
efficiency of which is best at high speeds.

As a pumping engine the efficiencies of centrifugal and turbine
pumps compares unfavourably with corresponding figures for recipro-
cating pumps, except when large quantities of water bhave to be
pumped against very low heads. All centrifugal and turbine pumps
attain their maximum efficiency, for every speed at which they are
driven, for a definite number of gallons and for a definite head.  If we
take the total head as being dependent on the speed, or conversely,
then if while the speed remains constant, the head varies the out-
put of water will vary greatly—especially in the case of centrifugal
pumps, less so as regards turbine pumps. Alteration of head may
for instance, occur by a change in the level, of the water on the
suction side, and if, for example the normal suction Nt of 13 is
reduced to 5' the effect will be a very greatly increased delivery of
water from the pump and a censiderable increase in the BJL.D.
required to drive it al a constan! speed. This peculiarity means that
the motor, or other thing which drives the pump, must have a con-
siderable margin of power, o7 efse the delivery from the pump must be
controlled by a shice valve whereby the total head against the pump
can be increased to compensate for a reduction of head on the suction
side.

If “H” is the total head in feet, “ G the gallons delivered per
minute, and “R” the revolutions per minute at which the pump 1s
driven then two of these three quantities are related to one another,
approximately, by the following expressions, the third quantity being
constant.

G varies as R.
G n ” 'JH
H n 1 RE.

Although a turbine (or centrifugal) pump will handle gritty water
it will not do so without wear. If the head is high, entailing a high
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peripheral velocity of impeller, the wear on the blades will soon bring
down the efficiency of the pump.

Wien once started, a centrifugal pump will operate satisfactorily
with any ordinarily “lift " on the suction side, but both i, and its
suction pipe, must be fully charged with water before the pump is
started.  To facilitate this charging the suction pipe-should have a
foot-valve, and a sluice valve should e fixed in the delivery pipe close
to the pump. The shuice vaive also performs another useful purpose ;
if it is closed, as it should be, when the pumip is started, the pump
18 prevented {rowm discharging any water and consequently the load
on the pump is small.  This enables the pump to be started up
“light " and then by gradually opening the valve the load is brought
on quietly. Tuther if the valve is closed before the speed of the
pump is reduced there is a reasonable chance that a full charge of
water will be retained in the rising main, which will probably
facilitate “charging ” before the work is again started.

Ecao No. 1o.
POWER PUAMPS.

By the term Power Pamp is meant a pump of that class which
has ome, two, or three, rams or pistons, driven off a crankshaft
which is in turn driven by some source of power exterfor to the
pump itself,

Generally speaking some form of single reduction gearing forms an
integral part of most power pumps, but il the head is a low one and
the pump is small it may be possible to omit the gearing. On the
other hand in the case of large pumps working against high heads it
may be necessary to provide double reduction gearing.

Power pumps may be of the vertical or of the horizontal type and
although standard power pumps are made in the vertical form for
high heads and large outputs somie makers prefer the horizontal
pattern if the output is considerable, especially if the head
against the pump is large. This seems a sound principle to follow,
for whereas the vertical type is the more economical in floor space
the horizontal type can be made more rigid and is, in the larger sizes,
more readily accessible. If this view is accepted then it may be
taken as a guide that wherever the available floor space permits it is
preferable to use a horizontal type of pump for all heads over 350’
and for three throw pumps with rams over 6” diani. x ¢" stroke., It is
not intended to include bydraulic presswre pumps in this gencralization ;
although such pumps are constructed for working against very high
heads (or pressures) the quantity of water to be pumped Is, as a rule,
relatively small, and in practice it is apparently preferable to make
these pumips in the vertical form.
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The simplest pumps of this class have hollow rams shnilar to the
trunk piston of an ordinary internal combustion engine,  Such pumps
are suitable for heads up to about 330". IFor higher heads the outer
end of the ram should terminate in, or be rigidiv coupled to, a cross-
head, which moves in suitable guides shmilar generally to the
crosshead guides of a stemn engine.  There is a considerable variety
in the designs followed as may be seen on reference to the catalogues
of different makers.

As to whether the pump to be installed should be single throw,
two throw, or three throw will ordinarily be settled by the quantity
of water to be pumped. It may happen however that it is important
either that large fluctuations in the flow of water must be avoided or
that uniformity in the load against the driving agency is desirable 5 in
such cases the merits of the three throw pump over the other classes
deserve consideration. It would generally be desirable to adopt the
three throw pump for water supply purposes, or for boiler feeding.

The bearings generally should be adjustable and, if the pump is to
be fixed in an out of the way place, should be readily renewable.
For the smaller sizes of pumps with hollow rvams less than 67 in
dimmeter the gudgeon pin bush is not usually adjustabie, and in some
designs with white metal main bearings the bearing metal is run
dircct into the recesses, formed for the purpose, in the framework of
the pump; neither of these practices is to be recommended for a
pump used for a permanent water supply far removed from
workshop facilitics.

Cast-iron rams are good enough for most cases, but brass-cased, or
gunmetal, rams can be fitted if necessary, as in the case of other yam
pumps.

In the case of z-throw pumps the number of bearings to be
provided for the crankshaft depends partly upen the size of
the pump and partdy upon the head to be worked against. The
practice of different makers varies so much in this respect that no
definite liwits can be given; the smallest pumps have only two
bearings, and the largest have four, or even five, crankshalt bearings,
both in the vertical and horizontal types.

In the case of single reduction spur gearing although some makers
cmploy cast iron both for the spur wheel and the pinion, the
standard practice of other firms 13 to make the pinion of steel.  Since
the wear which is distributed over the many teeth of the spur wheel s
concentrated on the few tecth of the pinton a case-hardened forged
steel pinion is preferable o one of cast iron for a permanent job.

A small point in the working of hollow plunger power pumps
which is apt to be neglected is the lubrication of the gudgeon pm.
In horizontal pumps of this type a Jubricator can be secured to the
connecting rod and the oil carried by a small pipe, clipped to the rod,
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to the gudgeon piu bearing. In pumps of the vertical type the
bottom of the plunger may be filled with oil to a depth sufficient to
msure the lubrication of the moving parts.  DBut in these pumps the
plinger is sometimes made so short that its top edge comes just
below the level of the top surface of the gland when the plunger is at
the bottom of its stroke and if the stuffing box has been packed
rather full. When this happens some of the Jeakage past the packing
trickles over inside the plunger at every stroke and the water soon
displaces the oil from the neighbourhood of the gudgeon pin,

The Water Supply Ianual, alrcady referred to, suggests the
desirability of providing power pumps with a by-pass. In the case
of pumps positively driven by oil engine or c¢lectric motor such a
device is a necessity unless there is a friction ¢lutch between the
pump and the driving agency. In the case of a pump driven by a
steam engine, or by belling and fast and loose pulleys off either an
electric motor or an oil engine a by-pass is not required for sizes
below 23-P.H.P. and its provision only adds needlessly to the cost of
the pump. A steam engine can always be started up quietly under
load, and in the case of u beit drive with striking gear the oil engine
or electric motor can be started up “light.” Large pumps would
however wsually have a Dy-pass, and when direct driven by A.C.
motors of 50-B.H.P, and upwards a by-pass becomwes a necessity,
more particularly so when the head against the pumps is a high one,

As is the case with other types of pump, the elliclency of a power
pump increases with the size. The following figures may be taken as
a guide 1—

PH.I. Efficiency.
Below 3 50 per cent.
5 e 00 ”
10 ... 63 ”
23 o 7o "
100 ... 75 "

Ecuo No. 1i.
AIR PUMPS.

Mention must be made of the “ Edwards ™ air pump as that type of
pump is so universally used now. It is believed that this pump made
its dédut on “tramp” steamners, but to the average landsman it is
probably best known as a valuable accessory in eclectric power
stations.  In such stations the Edwands air puinp is generally operated
at fairly high speed, 150 r.pan. or so, but it may be useful to know
that this type of pump wiil also give satisfaction at speeds as low as
20 ¥.pan.

The “ Worthington type” surface condensing pumping engines
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manufactured by Messrs. J. Simpson & Co. of London and Newark
are fitted with air punps of the “Plunger” type, with cast-iron
plungers working in gunmetal sleeves. The ofl carried over from
the steam cylinders with the exhaust steam adequately lubricates
the moving parts, and it is found that this type of air pump can be
relied upon to give every satisfaction under those conditions, The
wear Is small and repairs are easily carried out.

In Echo No. 17 mention is made of the necessity for providing
some means of exhausting the air from the suction chamber therein
referred to. Where stean is vot available, some form of vacuum
pump would be required if exhausting wrrangements were essential,
Such pumps are readily obtainable for driving by lLand or by power,

Recently high speed centrifugal pumps of special design have been
employed as air pumps. The Leblane pump may be quoted as an
example. In order to enable this type of pump to operate as a
vacuwu punp it is necessary to supply it continuously with a certain
amount of injection water whereby the air is trapped and so
discharged by the punp.  The injection water can be used repeatedly
over and over again,

(10 be continmued).
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TRANSCRIPT.

TIE ROYAL ENGINEERS OF THE TERRITORIAL FORCE.
Reproduced, by kind permission of the Editors, from No. 2,382, Vol NCIL., of Engincering.

Tue importance of the engineer services to the efficiency and well-being
of an army in the field can hardly be overestimated, Modern inventions
and methods of warfare all tend to magnify the rdle assigned to the
cngrineer, The more science is brought to bear upon, and adapted to,
the service of war, the greater is the part played by the technical corps
of an army. It is, however, often not thoroughly appreciated how alt the
specialized branches of the army—artillery, engineers, medical corps, and
even cavalry, are designed and used really in the service of infantry, “the
pith and strength of battle.”  The infantry is the arm which has ultimately
to decide the conflict, and to fight and win or lose battles. The rafson
¢ e of the other branches of the Service is to cover, protect, and assist the
infantry when and where required, and to enable it to maintain the position
taken up, or, if necessary, to perform similar duties during a retirement,

Fach drnl——Cd\’dlr), artillery, and mmntry—ha% a power peculiar to
itself, yet is dependent to a yreater or less extent upon the co-operation
of the other arms.  They all require and rely on the assistance of the
Royal Engineers, whether in the arrangements for camps and bivouacs,
building and demolition of bridges, communications, provision ot
entrenchments and fortifications, to name a few of the duties devolving
upon the engineer corps.

General Sir John French, w.c.p., Inspector-General of the Torces, in
the course of his address to the cadets at his recent official inspection of
the Roval Military Academy at Woolwich, especially emphasized the
increasing importance and greater necessity of the services of a highly
skilled corps of Royal Engineers, under modern practice and conditions
of war. The British Army at present is allotted a smaller proportion of
engincers than is the case in many of the great foreign armies.  During
the South African and Manchurian Campaigns the necessity of highly-
trained and efficicnt engineer services was more marked and realized
than ever before. \Whilst the great principles of war remain, as always,
immutable, modern weapons and conditions have revolutionized the
practice ; and consequently the art of the engineer, and, indeed, of all the
so-called scientific or technical services, is called upon to an extent not
previously contemplated. The Territorial Army is an integral part of
the Kmpire's defences, as our military farces are now organized. We
desire to direct the attention and interest of engineers in civil life to the
Royal Enginecrs of the Territorial Force.
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The organization of the Territorial Force is that of an army intended
for war, It provides for fourteen divisions, with the proper number of
corps and army troops. A division at full strength consists roughly of
20,000 officers and men.  To each division is allotted its quota of Royal
Engincers, in accordance with the establishment, known as the Divisional
FEngineers, consisting of two field companies and a telegraph company,
In addition to the Divisional Enyineers, whese headquarters are sitnated
in various parts of the country, there are wireless, cable, and air-line
telegraph companies. These latter may be said to be divided into five
groups—on¢ group in each of the Londen, Northern (Leeds), Scotiish
{Glasgow), Southern (Birmingham), and Western {Liverpool) commands.
There is a balloon company, with headquarters in London, and a railway
battalion at Crewe. The force further includes fortress engineers, and
works and electric-light companies, situated in different parts, and
¢lectrical engineers in Londen,

In the monthly army list, published by authority, and obtainable through
any bookseller, price s, 6d., will be found a complete list of the various
Royal Engineer units of the Territortal Force, with the addresses of the
various headquarters and names of officers serving, It will be seen that
a complete organization has been worked out and established, and that
opportunities exist for engineers to assist in the defence of the country
by serving in the Territorial Army, and particularly in the Royal Engineers
branch of that force.

New it seems clear that officers of the Royal Engincers in the
Territorial Force ought to be engineers in civil life, apart from aay
military training, or at least ought to have had a sound engineerinyg
training.  The regular Royal Engineer officers are the mest highly
trained and carefully selected of ali the officers of the Army. We
understand that in the Territorial Royal Engineers large numbers of the
commissioned ranks are without any engincering training, or experience,
in civil life, obtained directly from following some branch of engineering
or any of the allied vocations.

We realize the difficulty there is in obtaining a full supply of suitable
candidates for commissions in all branches of the Territorial Force. We
admire the energy and patriotic spirit of those who, having no connection
with engineering, hold commissions in the Territorial Royal Engincers.
Under present circumstances, no doubt, without them the force eould not
have been raised,  In our opinion, however, it is a siue gad non that if the
Territorial Kngineers are to approach and maintain the required standard
of efficiency they should be officered by men with engineering training in
civil life, In some few instances we bLelieve commanding officers of
engineers insist on some engineering or allied qualification on the part
of candidates they recommend for commissions under their command.
This course, instead of being the exception, ought to be the rule. An
ample supply of men with the necessary gualifications is available ;
nobody can seriously dispute this. Anyone sufficiently interested may,
by application, obtain a very good knowledoe from the manuaf of military
engineering and certain drill books, and up to a certain point may make
himself a good officer.  But he is not and cannot pretend to be either an
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engineer or an engineer officer in the proper sense. It would be easy to
enlarze at length on the subject aml point out many reasons why
Territorial Royal Engincer officers ought, from every point of view, to
have had some training and experience to fit them for their duties other
than that obtainable on the Stock Exchange, in a lawyer's office, or other
spheres of life totaliy removed from anything connected with engineering,
buildings, or aliied employments. We have not, however, space to do
more than draw the attention of engineers to the matter, Most men have
fricnds in the Territorial Force, and it is a simple matter, for anyone who
will take the trouble. to find out full particulars,

The question of expense is sometimes a difficulty, but it is often
exaggerated.  The pay and allowances received when in camp will more
than cover the annual expense incurred. On fiest joining probably an
expenditure of £20 to £23 will provide all that is necessary in the way of
uniform, cte, at any rate, for the first few years of service. After, say, a
couple of years or so, a few extra pounds may be expended to make the
kit more complete. The old extravagant methods and notions that
existed in many volunteer regiments, and the constant drain on the
pockets of officers in subscriptions to various regimental institutions,
suppers, etc., are things of the past.  Of course, a few regiments still
exist in which it is somewhat expensive to hold a commission, but they
are decidedly few, and even in these expenses have been reduced from
what they were in volunteer days. Much useful information to anybody
thinking of applying for a commission in the Territorial Royal Engineers,
or any other branch of the force, is contained in the Regulations for the
Territorial Force and for Cennty Assoctations, 1910, obtainable for 6d. from
any bookseller. Conditions of service, particulars as to pay, training,
necessary uniform, with much other information, together with a copy of
the Territorial and Reserve Forees Act, 1907, are included in this official
publication.

Any candidate for 2 commission can obtain any particulars he may
wish for from the secretary of his County Association, or from the
adjutant of a jocal corps. A man who is thinking of applying for 2 com-
mission will probably know some officer who will advise him, or tell him,
how to set about it. In the event of his not knowing any Territorial
officers, he should make an appointment to see the Secretary of the
County Association, or the adjutant of the corps or regiment in which he
wishes to apply for a commission. The adjutant will give any informa-
tion, and explain the regulations and conditions of service, and arrange
for an interview with the colonel or officer commanding. I the latter,
after making enquiries about the candidate, considers him suitable, he
will, when a vacaney occurs, recommend him for a commission, which, in
the ordinary course, he will then receive.

No member of the Territorial Force can be compelled to serve, uniess
he volunteers to do so, outside the United Kingdom of Great Britain and
Ireiand. He must attend the minimum number of drills per annum laid
down, which, in the Royal Engincers, is forty-five before the end of the
first year of service, and fifteen in subsequent years, and he must also go
into camp with his unit once a year for not less than cight days, and not
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more than fifteen days.  If, however, some real and dond-fide reason arises
why he cannot attend camp, the officer commanding can, in his discretion,
grant leave of absence, and this is never in practice unreasenably with-
held. Buaring camp training all ranks receive Army rates of pay and
allowances. A second lleutenant Royal Engineers draws 15s. 1d,,
increased to 17s. 1d. when he has passed for promotion to licutenant; a
licutenant, 18s. 4d.; and a captain, £1 5s. 81d, a day; but to be eligible
to draw pay and allowances the minimum number of drills for each year
must have been completed before going to camnp. A drill consists of one
hour's instruction, and any number of drills up to three may be performed
in one day.

Belore promotion to the rank of captain, the officer must attend a
course of one month’s duration at the School of Military Engineering at
Chatham. This course may, however, i necessary, be spread over two
years, a fortnight being taken at a time, Travelling expenses to and
from Chatham are paid, and the officer receives the rate of pay and
allowances, at Army rates, of his rank whilst attending the school of
tnstruction,  Further, if he passes a satisfactory examination at the
termination of the course, an outfit allowance of £20 (in addition to pay,
ete,) is granted, which goes a long way to meet the expenses incurred in
buying uniform immediately upon receiving his commission,

In the event of great national emergency, and after the Army Reserve
has been calied to the colours, the King may issue a proclamation em-
bodying the whole or part of the Territorial Army, In this event those
calied upon would be obliged to respond or be treated as deserters, The
proclamation would not take effect if both Houses of Parliament pre-
sented a petition praying that the force should not be called up.

Arranygements are made whereby an officer who has temporarily to
change his place of residence can be attached to a local corps for the
performance of the necessary drills, or in the event of the change being
permanent, can, when a vacancy occurs, exchange into another corps,
provided the various commanding officers concerned approve the
transfer.  In the event of an officer having to go abroad, and wishing not
to relinquish his commission, he may be seconded for four vears from the
termination of his first year’s absence, if recommunded by his command.
ing officer.  If residing in a British Colony, or in Egypt, the officer may,
on being recommended, be attached to a regalar or local corps, for not
more than two years in succession, for the purpose of carrying out any
portion of his annual training. Al officers of the Territorial Foree are
interested in and enjoy the work.,  Many are very keen and efficient, and
devote much time to their military daties and education, The attendance
required by the regulations Is not enough to make a good or useful
officer.  The great majority do far more than the minimum laid down,
These men find they can do it and choose to do it, and it is therefore
difficult to believe that, with few exceptions, others cannot do likewise,
Instead of a shortage of officers, there ought to be a list of candidates
waiting for commissions in the Territorial Force, and particularly in the
enginger branch,  All ranks of the Territorial Army are, under the Act
of 1907 constituting the force, exempt from jury service,
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REVIETV,

PERMANENT FORTIFICATION.

Av Major vox Brusxer. Translated for the General Stafl by Caer.
R. Warker, R.E.

Tuts book has been selected for tramslation, as being a standard text-
book in the Austrian Service, which has passed through seven editions,

It has been written for use in the Imperial Military Training HEstablish-
ments, and for the instruction of officers of all arms. It does not therefore
alm at being an exhaustive treatise on the subject.

“The book contains only 9g pages, but the author, by confining himself
strictly to the most modern practice of fortification, and by omitting all
historical information and descriptions of more or less obsolete types of
forts, has succeeded in condensing as much instruction as possible into
the space available,

The greater part of the book is taken up with the protection of land
fronts of fortresses, only 14 pages being devoted to coast defences.
This latter portion has been abridged from the original, which is perhaps
to be regretted, as it is the branch of the subject which is of more direct
importance to the British military engineer. There are very few modern
works on fortification written in the English language and some of these
deal rather with principles than details of construction, and in some cases
advocate particular theories. A book therefore which deseribes existing
practice, ard furnishes particalars of the types of works which are actually
constructed on the Continent at the present time, is likely to prove very
usefol,

The illustrations are incorporated with the text and are necessarily of
small size. They are however in most cases reductions 1o scale of
working drawings, and the scale, and where necessary the levels, are
given, They would therefore be of considerable assistance in preparing
the designs for similar works.

General particulars are given of iron turrets and cupolas, and in
accordance with Continental practice these are introduced into all the
designs of permanent works for land defence,  Other features of the
typica! designs of detached forts arc simplicity of trace, the substitution
of steel palisades for the escarp wall, the reliance on counterscarp
galleries for the defence of the diteh, and the provision of parapets only
for the use of infantry in the final stages of the siege.

A section of the book is devoted to the use of fortification in moun-
tainous regions and the design of barrier forts and auxiliary arrange-
ments for the defence of mountain passes,
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In the coast defence section the proposals for the protection of
harbours from naval attack are of the most complete description, and
include not only heavy guns up to 12" calibre, but aiso light and medium
armament, defence lights, an outer defence of naval mines, a mineficld at
the entrance to the inmer harbour, a boom where practicable, and
batteries on shore for discharging locomotive torpedoes,

It may be noted that though armour protection is advocated for coast
batteries it is considered relatively of less importance for them than for
land defences. more especially in the case of coast batteries on high
sites.

Coast fortification even to a yreater extent than land fortification
consists largely in the proper employment of engineering appliances
of a mechanical nature, and it is not possible in the small space occupted
by this portion of the subject for the author to do more than mention the
general arrangementis recommended for defence,

For particulars of the various appliances, which are proposed for
employment, it will be necessary to consult other books.

ermanent Fortification for the Duperial Military Training Esteblishments
and for the fustruciion of Qfficers of wll “lrms of the Austro-Hungarian drmy.
By Moritz Ritter von Broonner, Major, Enginver Staff, Austro-Hungarian
Army.  7th edition; completely revised, 1939,  Translated for the
General Staff, 1911, Price 45,5 99 pages,
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NOTICES CQF MAGAZINES.

Neve Minrriniscur BLITrER.

Aprd, May, fune, July, 1911

{1). Is Geryaxy sx NEED OF a Frepr? A long and interesting article
is given under this heading, discussing the pros and cons of a large sea
force of which the following is a brief résumé .—

Forty vears ago Germany was an almost exclusively agricultural state,
to-day industry and commerce have increased enormousiy in importance,
Korty years ago the population cf Gurmany was 46,000,000 souls, to-day it
is 63,000,000, and is increasing vearly at the rate of goo,000. The
increased industry and commerce have created new neuds.  Raw stuffs
are required which home products alone cannot supply ; more food stuffs
are required to feed the increased population; consequently the mercantile
marine has increased in importance,

Forty years ago England alone ruled the seas and had all the overseas
trade in her hands, since then she has had to fight the Germans In the
fields of trade and between them England and Germany share the trade
of the world.

"Thus the protection of her trade and trading vessels is Germany's first
reason for the possession of a fleet : the protection of her coast is 4 secend
reason. It is not uninteresting to notice that the author lays down that
this protection is best carried out by offensive action on the high seas,
and adds that it is to the above causes, and not Lo any ideas of attacking
England, that the fleet owes its existence.

An objection was recently raised in the Reichstay that the flect merely
caused an increase in the British Navy corresponding to increases in the
German fleet, and thus led to the expenditure of more money than ever
on armaments. Further that the increase in importance in the navy was
having a bad effect on the army, which always had been and always
should be the backbone of Prussia’s might. It was also stated that,
whereas England had to keep up a large fieet because all her faod stufls
came from over the seas and therefore loss of sea power would mean
starvation to her, Germany could get supplies both overland and from the
country itself,

The arguments against this objection were that although the internal
industry of Germany is considerable, it is to a large extent dependent on
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the supply of raw material which comes from outside. Were this to
cease numbers of factories would have to close down, and unemployment
would be rife in the land,  This means that Germany must have a fleet to
protect her overseas trade.

It were equally sound, it is objected to the arguments of this deputy, to
abolish the army on the grounds that a war with France is no longer
likely, the peace of the whole world beiny ensured on the principle of a
“commercially united Lurope.”

That this vnification will ultimately take place, ends the writer, there
can be no doubt, but it will not be till after many fights,

Exgisesrs axn Proseers—This article is an appreciation of the
engincers’ and ploneers’ present position in the Germany Army.

Up to the present it has been rather the custom to look down on the
engineer officer, mainly, perhaps, because of his necessary connection
with things that are not purely military, in a word on account of his
“D.0.work.” The necessary result of such employment is to lead the
officer to forget more and more that he is a seldier and hence deprive
him of that spirit of the offunsive with which every fighting man
should be imbued.  Permanent practice in the building of defensive
works and fortifications tends to make him think of defence alone. 1t
must, however, be rememberad that a fortress is after all but an artificial
means of strengthening a place, and thus reducing the number of men
required to defend it so that more men can be employed in the field
armies at some more threatened spot. [t is therefore almost a weapon
of offence, and the modern method of fortification increasss this
characteristic in that modern {ortresses consist of battlefields strengthened
at intervals by permanent works, All these factors are now bearing
fruit, and the true use of the engincer is being slowly discovered as
is shown by his attachment at present to the staffs of higher units on
manceuvres.

Of late 1t has been the custom to call the pioneers the fourth arm,
This practice is as {alse as that of designating them as the *technical
arm”  An “arm” possesses a distinet weapon; the infantry are
armed with the rifle, so are the pioneers and communication troops,
therefore it is only f{air to consider them as infantry. They have
received, it is true, a special training, but this does not authorize the
use of the now appellation any more than does the statement that the
spade is their weapon, A spade ix a tool, not a weapon, and besides
this its use is no longer confined to the pioneers only, every infantry
soldier carries one.

Napoleon said : “ A gun, bread, ammunition and entrenching tools, are
things without which a seldier should mever be.” JModern tactics have
merely increased the importance of taking and making cover. The days
are now long since passed when the pioneer company was automatically
detatied as escort to the guns; the F.8.R. lay down :—% Pioneers should
as a rule accompany the advance guard” And again:—* Plonecers will
also as a rule be allotted to the outposts, to strengthen the position, block
approaches, ¢te.”
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Fiougers must necwsateily spockalize amongsr themaelves; thos ae
wrmaly possess imfaarey and cavadey qionvers, the special tave ot Lhe
laster class being rhe rapid rossing of streams by means of light Lridging
material,  Morcover the day wil soop come when the aoitiery pioneer
will sprinc g #xisbence.

Finaly, in fortress watJare the ploneer i ovan mon: imnlispeasable than
in te field, and it 3 & overy gooot pity dhet e Bridaing tradns are nol
Even LAl 0 peacy lieee toofres thebr bridaing wauipment, A neide
which cannot Bl in the hichest degees o mlversely infleence thar
elficleney in war,

Cieances Le TR Apminmrgarive Sceveevs of Tk Rasssoer Aewy.—
The perientage of emplovds of wariows sanks of the admdndstrazive
services 0 the JRussian Ariny b 50 per ceat smaller than e that of any
athar Furopean nalion,

The work thoy carry ot includes that dome by var AQ. 100 sed AR
with this differenes thatl hitherts oo arranrement has Been made 1o allal
any of the siafl of these services o the higher uwits, Vhis s bhe Firsd
chaneo that is befng aimed 2, and to supply the pereend which will be
reauired w0 eftect this reform It is peoposed o oltain the suervives of
officars of the army. They will cecetve a special course ol mstiection,
partly theoretical and  partly practical, which will last tliree years,
Fawntarions stll remain to be warle as to the runk these othcers will
Aald, the conditions of servics, promoeion, redremend, el a5 Up la the
present there hes been pobing lekl dowa on thowe subjects, amd wiat {aw
Fabes cxind aig merely fonal,

The minor prsitiohs in this coeps wid contiaue to e pceepied by jikn
of Titthe education as before, only e Digher ranks are being changed, or,
inore propedy speaking, slaldished,

~yuw Conovnn Aray or Frasorn—Pullie interast in France bus recently
beon focussed an the colonial army, the more so as portlons of 1his
furce have heen emploved in the recent campaign in Moreeco, so that
it is, perhaps, mot amiss o give a short suoount of jts strength and
composition,

‘|'he French colonial possassions are 11,000,000 of sguare kilometres in
aree, and contain some 30000 mkalitants,

Nt including Algeria and Tunis, which curiously enongh da not count
an colonis, they are composed as follows :—(1) Inda-China, {2} Weat
Africa; (1) Kast Africa; (¢} The Antilles; {5 rha posscssions in Che
Pacife (Mow Caledonin aed Tahitiy

e ahject of lw colonial forees ts tn gasrison sl protect these colonies,
and, in case af neal, gither to peotect Franee or take [arr in oversed
exnedizians,

Thess troops are quite tadependent of the est of the French Army
and possess their awe body of officers wnd their awn Admenistraticn.
The army in Lrance comes onder ke War Sdinister, but ihe teoops
situated In the colomies aee under the Colenial Chbes as romards their
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adeninistration, ropartitionr ansd employmoent. Uhoy are composed partly
ol Fronel pwhite) troops and paetly of sagive levies,

Firstly ws regands the white troops, Thess wonsist of infaniey and
actilery, ot whick an army corps (36 batalions ad 3 arilery rapi-
miatsy Is in Wraoce, garelanmed ae Parks, Bocheiort, Teoles, Brast ard
Cherbours and the remairder are in the onlopiss, Bome comipanics of
AL rlrivers {cnmpug;nim e condostours)y ars abse allacned 1o the
artillery,  WWith the cxeeprion of o few palive woopes in West Al
these is oo citvaley.

The ratal stremrlh of the lroops 1k thie codanics b 54,000 meir, of which
S,A00 are patives and 16600 whites,  To rhese may be added s Few
troops of the megular Freach Army hefongine eithar to the Foroign
terion or ko thie Fagineers, TDto the above boeoadded e native
Algerion sock Tundsian levies, o tutad of 100000 men s reached,

The pativn teoaps ave parily oblatned By conseriplivn and pacliy by
colistment.  Thers sre g Tow salive officers, nooe of whom ever v Biga-
erver abve the canl of Treolenant ared are, gven een, alwoys considersed as
junior ta the white officers, “The aative X.C07% are olitaingd an the
samte aisden an that in vngue i the Vreench Army, A sehool for natie
b0 was Toundued i Ende Chinn in 109,

The lensth of the taar of fozeign service of Lhe white tronps varies Trom
o mantis do 3 yeats ft the case af the oficers, and frome 20 moaths o
4 years in the caste of the X000 and mens The mest peciliar
chararteristic of this Free s ils subjociive o0 two neosleds, the War
e and the Celonial Ofwce, [L is boelisved thal this will shestly
L alwreld, aliousk ne oeoe can soy which of the rea will b the

plitimate hoal.

A firther sugyrestion i that the Colonial aed Frneh Acmics shoukl
interopinede more. The only prctieal anhiion to this ot prasont sesms
to be to wale the offioere of both armises interchangrealsle, as sach o
stup would graatiy aid the difficelny i sedving e deperse sninicned
ahrove,

The army af oecupation in Nodlhere Ao comsists of the 1l Ay
Corpa. b strenprtbh s 73000 mon, e tou great a mander o he placerd
nrader the sole coummand of one army corps commanden, 1o s sorpgesnal
that this armey corps slioeld T divided into theee, and thes s oeganiza-
tion woull be made mwore soidalle for any aveeses axpediions, oo for the
cventuality of poctioss o 0 beiny called open e defend e mather
HULIAIL

& last point is that whick wis broughl belore the paldic by Calgnel
MEangin i his Lok Aa S Aares Bithis Jc propossd that the colonbes
shanlel e mad to supply a wreater propontion ol kavies than ar prasent
for their own dufeoue, tuseby releasieg ot least ooy Fraonch troopa
whe woudd thus Lo able to Bzl in Harope. [ remaing is vt to be seen
whether Coloncl Mangin's ideas e practiend or not; oat i present
manicat thure 35 an experimeatad bady of nativas of Senwrel, part of
which has besn on service 30 Moroees, which as far as is hoown hos

proved o success.
M H. Sgorr,
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(1). Tar Avstro-Huxsariax Arny av titk Eve or Two Years' Survics.—
There is a great increase {500 million crowns} in the army and navy
estimates of the Austro-Hungarian Empire for the year 1911 over those
for 1gio. Both the navy and army come under the same department
(the War Department) and a large percentage of the increase is allotted
to the navy. This is to be strengthened, both for the greater protection
of the mercantile marine, which is daily increasing in importance, and for
the protection of the coasts of the Adriatic.  Thus in 1916, the strength
of the Austro-Hungarian Navy will be:—13 battleships; ¢ cruisers;
1S torpedo boat destroyers; 48 torpedo boats; and 12 submarines.

As regards the land forces, the estimates are less generous, Only
20 million crowns are allotted to them. The importance of this sum is,
however, not so much its size as the purpose for which it is to be used,
viz,:—The preparation of a military reform.  The main details of this
reform are :—The adoption of two years as the colour service for the
infantry and artillery, and a considerable increase in peace establishments
{from 103,100 to 159,000 men). As a corollary to this increase of the
common army of both states, a proportional increase in the Landwehr of
each nation is to be expected, amounting to 8,250 in the Austrian Army
and 12,300 in the Hunyarian Honved. This will bring the strengths of
these bodies up to 25,000 and 235,000 respectively.

Before proceeding further it is necessary to explain the peculiar {forma.
tions which exist in the Austrian Empire. Quite apart and distinet from
the « Imperial and Royal” Army, which is common to both states, each
country possesses a Landwehr formation, in which the time of service is
2 years with the colours, and 10 with the reserve, The origin of these
bodies is the * Ausgieich” of 1867, which declared each state to be
autenomous and gave it a parliament of its own.  As a result the Austrian
Landwehr and the Hungarian Hoaved sprang into existence.

The growth of the latter was more rapid than that of the former, and it
rose in 18gD to its present strength of 12,600 men, 7e. 28 infantry regi-
ments of 2 or 3 battalions each and 10 cavalry regimeats, the only
increase of late years being the addition of a machine-gun detachment to
each infantry regiment and 2 detachments for the 10 cavalry regiments,

The Austrian Landwehr on the other hand, althougrh it did not make at
first such sudden strides as the IHonved, is now the stronger of the two
(19,750 men), and consists of 119 battalions cach with a machine-gun
detachment, 6 cavalry regiments, and $ howitzer brigades. Five of
the regiments were in 1909 and 1910 transformed into Alpine troops to
supply a long-felt want. It will be noted that neither of these formations
possess any engineers, departmental troops or artillery worth speaking of.

The present Taws fix the length of service in the common army at three
years with the colours, and seven with the reserve ; the remainder of the
soldier’s service being spent in the Landwehr and Landsturm untll, at the
age of 42 he is exempt from all military duties,

The strength of the army has remained the same since its formation:
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viz.: 103,100 men. The reason for this stagnation is mainly to be found
in the unwillingness of the Magyars to come forward and serve, and the
support they get in this dilatoriness from their parltament,  This results
in their serving almost eatirely in Hungarian regiments, attending
Hungarian military educational estabiishments and using Hungarian as
the official languayge in the corps they serve in.

The principal changes have taken place in the field and fortress
artillery, those in the engineers heing mainly the creation of cadre forma-
tions iatended to expand largely in time of war.  The arms which have
suffered principally during this staynation arc the infantry and cavalry,
especially the former, with the resuit that at the present moment, to
mobilize a company of infantry it is necessary to call out lots of reservists
of seven successive years.

In the matter of matiriel, the army has made important progress, all the
latest technical improvements, such as telephones, signelling equipment,
wireless telegraphy stations, field cookers, mechanical transport, aero-
planes, or, in a word, anything demanding only expenditure of money,
having been lavished on it The navy has not, however, been forgotten,
its strength being increased from the original 2,800 to 4,000 men.

The Bosnian crisis and subsequent partial mobilization in the winter of
1Go3—1g09, showed up the defects of the present system, and both
socially and economically disorganized the Empire. On the other hand
it served to test the real unity which exists between the different races,
and proved that all were willing to unite against a common foe.

Since this crisis two years have passed, and as yet no active steps
have been taken to increase the peace footing of the common army.
The present labour party in power, however, which succecded the
independent party, considers the question of impecial defence as one of
the first importance and, it is more than likely therefore that the two
years law will be passed.

Of the proposed increase of 33000 men, only one-seventh will be
allotted to new formations-—mostly technical troops—the remainder will
be employed in bringing the cavalry and infantry up to their proper
establishment of 130 treopers per squadron and 93 men per company
of infantry. In the words of the present War Minister, the objeet of the
increase is not to attempt to catch up at one bound the enormous distance
Austria lags bebind the other Powers in things milltary, but merely to fill
up holes in the present organization ; in fact not w increase the army, but
to consolidate it.

Mizreary Nuws or IDiveErs CoUNTRIES :—

sercrvan—"The  Military School of Aviation bas been opened at
Drasschaet. s staff consists of two licutenants, one as  technical
instructor, and the other as practical instructor. The course is being
followed by four subaitern officers, The aerodrome is some 2 kilo-
metres long and 500 metres broad. The Belgian Government possess
two biplanes (both Farman) and five hangars of which two are movable.

trany.—The Putles of Phe Inspector-General of Engluers.—The follow-
ing come under this officer:— (1} The general officers attached to the
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inspection as inspectors. (2}, Commanding officers of engineers as far as
the training of the men, and the technical administration of commands is
concerned, (3). The workshops of the engineers, {4). Thetroops allotted
to the destruction of communications. (s). Military pigeons. (6). The
historical museum of the engincers.

xussin—The results of the course held at the Mlilitary School of
Aviation at Sebastopol, which ended in May, 1911, have been published.
23 officers have been trained {6 infantry, 1 wpunner, g sappers, 4 cavalry
and 3 naval officers)—of these ¥ obtained a pilot's certificate (§ on
Farman and 3 on Blériot machines). The following are the advantages
granted by the Government to military aviators:—(1). An allowance of
1 rouble (two shillings) to every soldier for each day in which he takes
part in a flight.  {2). A monthly allowance for each month in which they
have been for at least six hours in an airship to the following officers at
the following rates :—*“Captain” of the balloon, 150 roubles; his assistant
or chief mechanic, go roubles; to each mechanic, 30 roubles. (3). A
monthly allowance to the officers of the aviation sections of the balloon
companies of 200 roubles per officer, 72 roubles per cnsign for those
months in which they have flown for at least six hours. (4). An annual
allowance for the persomnel of the above-mentioned sections who have
served at least three years in them, and flown at least 50 hours per
annum, of 300 roubles per officer, and 120 roubles per man. Once this
allowance has been obtained, it is remitted to the individual cven if he
retires or is transferred to the reserve; in case of death it is given to his
family over and above the ordinary pension to which they are entitled to.
As regards pensions, any individual injured in a flight is entitled to the
same pension as H wounded on service, the same applies if his health has
been affected by flying and there are definite pensions which in the event
of his demise are given to his next-of-Kin,

The peace strength of the Russian Army in 1911 for fixed at 455,000
men, which is less by 1,535 men than the peace establishments for the
years 1g05, 190g, 1910

TURKEY.—Organizalton of the General Staff of the Ottoman FEmprre.—
The General Staff of the Ottoman Empire is divided into seven depart-
ments as follows :—({t). Manceuvres and training, military history, editing
of the fortnightly military paper. {2). Study of foreign armies, Correspon-
dence with military attachés.  Officers sent to foreign countries.
(3). Mobilization. Concentrations. Fortifications.  (4). Movements and
quarterings in peace. Correspondence with the Sublime Porte and
The Vilayets.. (3). Military law. Organization. (6. A.A.G.s depart-
ment. Personal affairs of stall officers {appointment and disposal of
officers). (7). Topographical department.

Ministerial Clreudar of December, 1910, on Staff Officers.—(1). A staff
officer is only to be considered such when actually serving on the stafl,
(2). Officers who previous to the new regulations on the supply of officers
for the General Stafl have been given the rank of staff captains will have
10 be exercised in rewimental duties and the handling of treops in the
field, They wilt be considered as regimental officers of the arms they
are attached or posted to. (3). Officers who have qualified for service
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on the General Staff will as required be employed on the stafl once
or more often, account being taken of the tasks referred to in para. 4.
{4). In order to keep up the knowledge of officers qualified for service
on the staff, but serving as regimental officers, tactical problems will be
set them by the Chief of the General Staff, and marks allotted for their
solutions of the same. These marks combined with the confidential
reports readered on them by the officers under whom they are serving
will be taken into account when selecting these officers for staff work,

" The NC.O's of the Turkish Army.—N.C.0’s are divided into extended
and non-extended men, the former being those who continue in the army
after their legal term of service is expired.  The ranks are as follows:—
Corporals (bachi), sergeants {tchaouch) and sergeant-majors (bach
tchaouch). The N.C.O’s are supplied as follows:—(1) From the
N.C.O’s schools, or (2} sclected from the ranks, after passing an
examination, The N.C.O's schools train young men of 18 to 21 years
with a taste for soldiering. The course lasts two years and the successful
candidates then come out with the rank of corporal. Preparatory schools
for the NLC.O.'s schools also exist which prepare boys of 15 to 18 for the
N.C.0/s schools—the course lasts from ene to three years according to
the aptitude of the pupils. A school of each type is to be established at
the headguarters of cach military district, administered by a major or
lieutenant-colonel in the case of the higher and 2 major or captain in the
case of the lower schools.  Pupils of the N.C.O.’s schools must serve at
least six years, those of the preparatory schools at least eight from the
time they leave the higher school.  The sons of soldiers are admitted in
preference to those of civilians.  The pupils are paid by the yovernment.
After six years' service NLC O can extend for three years, the right to
extend being a privilege granted to men of good record. At the end of
this time they are censured a post under the government outside the
army.

A, H. Scorr.

ivista pr Arrticriexia £ GENIO.
Afay, 1gi1,

France.— Zechnical Exercises for the Enginsersi—¥rom the France
Alittiatre of the 7th and 16th May, we learn that the anpual exercises in
navigation and bridgiag of the 3rd Regiment of Engineers have lately
taken place near Estcourt-Saint-Quentin, 20 k.m, from Arras. Up to the
23rd April, all the necessary material, transported by water, had arrived
at the station of Bequerel where the three battalions of the regiment
were successively practised in the construction of several bridges,

Similar exercises for the 7th Regiment of Engineers were held at
Besangon sur Doubs and were continued up to the 25th May, and other
very important exercises in mining were carried out by the sappers of the
engineers at the fort Monthérault at § kom, from Laon,
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Aeronautics.—Vrom the same journal of the gth May, it is reported that
40 soldiers, carpenters by profession, were transferred to be employed
in certain laboratories for the repairs to acroplanes, and for similar
duties 60 soldiers selected from the various arms and of the following
professions, viz. cartwrights, carpenters, and aeroplane constructors,
were transferred for practical experiments.

The experiments took place for 30 men at the aeronautical depdt at
Versailles, and for the other 20 in the laboratories of the aeronautical
depdt at the camp at Chalons.  The first 20 classified in the examinations
will be transferred to the zsth Battalion at Versailles, and to the
detachment of acrostats at Reims. The others are remanded to their
corps.

New [oditine of Iustructions for the Engineer Services.—The same Journal
of the 1ith May states that the ond edition of Jusirncitons for the
Fngineer Service was published on the ist Febroary, 1901, and contains
the general dispositions of the headquarter staff of the engineers,
the classification of fortified places, and the service of the school of
engrineers, ete.

‘This new edition shows that the engineer arm is thoroughly fulfilling
its new aned important duties, has lost none of its prestige, and is always
in touch with the daily life of the army. The price of this publication
is § lire,

GERMANY.— Phe New Justructions for the Use of Explosipes.—These
instructions, which have been compiled under the care of the Inspector-
General of Engineers, are intended to supersede those of 1903,

The rapid development of means of communication of every Kind has
conferred uvpon works of destruction a greatly increased importance,
FFurther, the Siege of Port Arthur has brought prominently forward not
only the employment of mines in siege warfare, but also the necessity of
instruction in the use of explosives and mining work, and of adopting the
best tools and material.

The new instructions contain a short introduction and eight chapters
with the following titles:—(l} General methods of demolitions by
means of explosives. (IL) Explosives, (IIL) Methods of ignition,
{IV.} Demolitions. (V.) Mines. (VL) Measures of precaution. (VIL)
How to render ineffective explosives and ammunition, {VIIL} Com-
position and storage of material,

The instruction is chiefly intended for the pioneers, who are exercised
in the use of explosives during the whole year, and for the battalions that
have siege parks and are particularly exercised in mining warfore, A
certain number of men in the other battalions who have special aptitude
for the work are also instructed. KExplosive g2 which is inseluble in
water and is less sensible to mechanical action, is substituted for Explosive
88 now in use. It has the same properties as Explosive 88, but has the
advantage of being wusable in water, and of being contained in an
impermeable covering.

A new electric apparatus for ignition has been adepted which is safer
than that formerly in use,

Land mines (fougasses) are shown to be an effective means of defence
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when employed on a large scale; the instructions are illustrated with
diagrams.

The necessity of rapidly constructing mining galleries of great length
(100to 200 m.) is recognized, as also the importance of well-conceived
arrangements for aeration and illumination, and of thoroughly instructing
the troops ia this kind of work. The allotment of wires and firing
apparatus of the pioneer companies Is increased,

The new German instruction has been compiled to conform with the
exigencies of modern warfare, and contains mauny techoical lessons which
are deserving of study,

Automobiies in the German Ewmpire on the 1st Fanuary, 191 1.—According
to information taken from the Repue Allitaires des Aruies Eh'(m;e'ws of last
May, the number of automobiles of every kind existing in the German
Empire on the 1st January, 1911, is 37,508, showing an increase of
7,864 (of which 1,308 are heavy motor cars) since the Ist January, 1gio.

The increase of heavy motor cars is thus distributed :—270 carriages
of 8 tLP.; 387 of 8 to 16 ILP.; 627 of 16 to 40 H.P.; g9 of over 40 {1.P,
In motor cycles there is a diminution of 75, The increase of autocars
above 16 H.P, (726 in 1611 and 319 in 1910} has a special importance
from a military point of view,

1.—CARRBIAGES FOR PASSENGERS.

. Automaobiles,
o
C}"L‘ius. | S I Total.
Upta§ H.P Bt 6 FLIN 56t 4o ILP. Over 3o 1 B,
Progsiz ..., .. ... 10,3635 7,130 6,376 5,036 204 2q,201
Havaria ... 2,087 1,245 S72 747 | 34 5,003
Saxony 2,442 1,543 qoz 712 27 5,626
Wiirtemberg ..., 1,103 562 379 288 26 2,332
Baden 932 346 397 124 17 2,235
Oitlier Seates 1,578 1,507 G934 702 H 5355
Alsace-Loraine ., 1,037 1,023 631 368 2 3,103
Total .o | 20,584 13,758 10,511 8,177 || 448 53,478
2, —CARRIAGES FOR Llgavy Trarric.
. Autamuobiles.
Mator
Cyeles. - ] Total.
Vpte S HLP[E o 16 1LF. 16 to 4o IIAI’-iO"Cr 4o HLP.
| : -_—— e —_ .. . ..|-—._.
Prussia ... ... 54 1,0:6 519 741 7t 2,401
Bavaria ............... 20 229 188 . 1% 15 | 623
Saxeny ... 17 160 68 ! 160 7 X 152
Wikrtermberg, ., 4 33 69 93 iz | 23r
Baden .............. H ELS 37 | 53 12 ' 142
Other States .. 22 14% E 1z2 HH j 387
Alsace-Loraine...... 3 40 14 3% - [ izg
Total ... 121 1,693 950G " 1,384 128 4,327
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Tur Coxcraturrr of Fornwioariess = By Licel-Cuolened Mapheila,
Fnpineers. — The art of concealing fortificidions has Jung oseoupicd e
aitentian of the superior miliary aethuobes, wmd U meltbod that
gendrally has Leen spegially recomancmded s that of planting Lrees
wronenel the works.,

it canpgt however e szid 1hat this jmperlant proalen hays heen
sulisficctovily solved, or that everything possibile has been done, The
sty of this sobject has remaiaad 2 dead letter, and its importanee has
pat been sofficiently recaprnized either as a means of aflfarding proatection
from the enemy, ar s b0 guprnse sireg o well-plaaned concealment of
a fortiflention alwiys vorresponds e a reductivn in the oomber ol
armaured and cemenlad works,

Trems lave sevesal disacdvantares, an the cosl of mainlenance dees oot
sty for the smell Depefil that might be derived oo e
cronarical way,  dMoreover the troes impede the view and this some-
Lmies causes great incomyenienle,

Withont fuowever vnticely disvegarding the theoary of the roes, which
in somie cases oy he desicable nor as the chiol mesns of concealment
bur s an auxiliary cheratn, it i areued that the siudy of concealment
should b spectally tewated in the praparstion of plans for Tortifications,
The renceslment showld be oseels as w repder U wmore difleoll for the
enemy to deduce the profdes of the works cither froin pliotogragphs or by
OIGARY D 5 pes,

Hois vonerally necented that, v order o be properly conceabed, warks
should auougy as small a space as possible, and should also e as low s
possihle.  nstearl of this evident aml indisputalde proposition, we see worls
comratructerd whirh are dfeanieally called low hut which have 4 command
o TR sea of 5 ar g s we seo lowers or eecets for signalling or other
purpases, raisxl koA hekrho as muech as 42 m, in the interiar of o work,
and aleng a ling of rocks. The reasans given by the artillory for such a
commant s that, ax the horizon moreasss I kibommetre for cach metre
it heirhl, they zre ablo to see to throw thuir projectiles wilh groater
e,

The awthor docs ned belisve thad oll Hus s scecessary e malie poeod
Tiviry practice,  He wdvocates o system of bidleoes and cmplacernents
concenled in capes, Lt the description s sometines difficelt to follow,
andd it woald appear to be oely applicable under certain conditions ol 1he
sail aned contencs ab B aroamd,

1 E U RARE R Ay,
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CORRESPONLDENCE,

DEIFE 40 A RULLYT,
[Teak Sk,

Alay T sugrereat that Colanet de Villamit amd Cept, Edgeaortl expemnd a
lieele Turther consideration an the Bilowing two points ratsed By them —

), WWhather the visrosity of the aby is the unly ficler that can afleat
the ralliney matios af & Ll

. Why upward presre shoold be applecd e the nowe of g
bupllet o wveroseope, when vty kniwn fact teneds m shaw 1hat
the resultant force peaduses o Aoy owared nmeetent ol the
{HTIEIT

Eoado nne sagrpresd thae molling metion is e endy factar cousing el Lt
thar up o date 3t b5 the only (aeeor capidie of logicad and scientific
sxplasstion,

Yours taichiully,
A Bl Canre,

The Editer, &L, fevernal. Jhifor, 2L
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THE SILICATE PAINT COMPANY,

CHARLTON, LONDON, 8.2,

—  Mannfacturers of —
DURESCO. VWashable Water Paint ; dumperesisting ; cheaper thus:
CEL Paint ot Wall Paper.
SILICATE OIL PAINT. Growd «till'in Oii, or ready mixed far
usg; hom-poiscaons; facly ground ;) greater body than
White Lead.

ENAMEL PAINTS. Hirh-cliss Varnish Paints



EXPLOSIVES. ™"

GUNPOWRER,
SAFETY FUSE,
ELECTRIC FUSES,
' WARMING. PANS,
FIRING_CABLES,
Etc., Etc.

CHEDDITE oo Muogyece

BLASUTNLY ANIY SPOUTING EXPLUSIVES OF ALL KINIML
CORDITE AND OFHER MILITARY BOWIDERS,

CURTIS'S & HARVEY, Lid.
Head Qfiee: 3, GRACECHURCH STREET. LONDON, E.C.
AGENGIES AND STOGKS IN ALL PARTS OF THE WORLD,

DYNAMNITE,
GELIGNITE,
CELATINE BYNAMITE,

BLASTING GELATINE,
DETONATORS,

The MceKeanzie, Holland, &
Weslinghouse Power Signal Ca,, Ltd.

POWER SIGNALLING

Electro~-pneumalic,

all-¢leetric, and

aufomafic signalling.

Addreas:

58, VICTORIA STREET, LONDON, S.W.

Telegrame . " Pawnas, Leunson,™ oleplaz: Bye YWedlimiisrer,




SUPPORT BRITISH INDUSTRIES,
ASBESTOS

oo i TQES

athk

‘POILITEY « POILITE”

ASBESTOS
Roofing Tiles Cement Sheets

"Pailite"is maﬂufactdrﬁ'd i accordance with the paten specifica-
tion of M- L Hatchek, and iz in all respects similar to the
material scld Lnder the name Eternit.

The charecrecistios of chis indesracifabe material, buh for Roofing purpases

and for the liniag of wnlls sod ceilings, are well koawe ta Engineers,
Architeats and Surveyors,

Froinpd delivery, specdy foing by evperienned wearkmer, and smmendty from
repairs are warranted,  [rchiave Tendiry wmbondiited on seceipt of Plass.

BELL’S UNITED ASBESTGS % L'""

Aetel n facke JLelarfeall; | Talle O, Ine0gice ambarler Governvoent e pies bawntr. }

SOUTHWARK 8T, LONDON 5.E

THE

Royal Engineers Journal

Can now] heZobiained|aly

Messrs. HUGH REES/Ltd.,
9, Pall Mall, S.W,
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